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PREFACE  TO  FOURTH  EDITION 

This  edition  contains  the  selected  data  which  14  years  use  of 
the  older  editions  indicates  as  desirable  to  meet  the  requirements  of 
the  everyday  work  of  Highway  Engineers.  It  includes  informa- 
tion ordinarily  needed  for  General  Planning  and  for  the  detail 
work  of  Surveys,  Design  and  Construction. 

A  Revision  is  necessary  at  this  time  on  account  of  the  rapid 
strides  made  in  Rural  Road  Practice  to  meet  the  increased  demands 
of  modern  motor  traffic.  The  text  has  been  entirely  rewritten. 
Construction  and  Reconstruction  methods  and  costs  have  been 
brought  up  to  date;  General  Economics  and  Railroad  Grade 
Crossing  protection  data  have  been  added  at  the  request  of  users 
and  a  number  of  additional  convenient  design  tables  have  been 
introduced.     The  additions  total  700  pages. 

The  discussion  of  general  principles  of  economics  and  design 
illustrated  by  examples  of  Current  Practice  in  Part  I  has  been 
made  more  thorough  as  it  is  our  experience  that  if  the  younger 
men  have  a  good  understanding  of  broad  general  principles  they 
can  more  readily  apply  the  detail  rules  to  specific  problems. 

The  general  character  of  the  second  part  of  the  book  remains 
unchanged;  namely  a  concise  collection  of  data  ordinarily  required 
for  everyday  work. 

For  the  convenience  of  users  the  book  is  bound  either  complete 
in  one  volume  for  office  men  or  students  or  in  two  volumes  for 
field  men  which  gives  a  handy  pocket  thickness  for  the  volume 
containing  the  field  data.  A  full  table  of  contents  as  well  as 
the  regulation  index  adds  to  the  ease  of  locating  desired  information. 

Readers  are  requested  to  suggest  additions  or  changes  in  style 
of  presentation  which  will  increase  the  value  of  the  book.  The 
present  edition  is  the  outgrowth  of  such  suggestions. 

E.  A.  Bonney  has  supplied  the  data  on  Contractors  Equipment. 
W.  G.  Harger  has  handled  the  balance  of  the  revision. 

W.  G.  Harger. 


Rochester,  N.  Y.,  September,  1927. 
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E.  A.  Bonney. 


PREFACE  TO  THIRD  EDITION 

The  present  revision  was  undertaken  in  response  to  the  sugges- 
tions and  requests  of  many  users  of  the  earlier  editions.  The 
practical  value  of  the  Handbook  is  increased  by  the  addition  of 
approximately  350  pages  of  new  material  covering  mountain  road 
location  and  design,  camp  equipment,  medical  notes,  notes  on  pho- 
tography, the  selected  soil  and  gravel  treatment  of  moderate  traffic 
roads,  and  the  more  recent  developments  of  hard  surfaced  types. 
There  is  no  change  in  the  general  scheme  of  the  publication,  which 
is  primarily  a  compact  collection  of  reference  data  and  time  saving 
tables.  For  the  benefit  of  men  not  entirely  familiar  with  the  road 
problem,  the  discussion  of  principles  has  been  retained,  and  in  some 
cases  where  it  has  been  shown  that  certain  arguments  in  the  previ- 
ous editions  have  failed  to  make  the  impression  warranted  by  their 
importance,  the  discussion  has  been  amplified  and  illustrated  by 
examples  of  construction  and  design.  We  wish  particularly  to 
emphasize  gradeline  design,  which  is  not  at  present  receiving  the 
attention  to  which  it  is  entitled,  and  also  point  out  the  practically 
universal  lack  of  adequate  maintenance. 

The  costs  given  in  the  body  of  the  text  are  for  comparative  pur- 
poses only  and  are  based  on  labor  at  from  $0,175  to  $0.20  per  hour 
and  material  costs  of  the  period  191 2  to  1915. 

For  the  improvement  of  future  editions  we  request  your  cooper- 
ation in  the  correction  of  typographical  errors,  and  the  addition 
of  any  omitted  data  generally  useful  in  road  work. 

Very  few  highway  engineers  are  satisfied  with  the  road  legislation 
or  technical  practice  of  today  or  believe  that  it  can  be  applied  as  it 
stands  to  solve  the  highway  problem  in  this  country  in  the  next 
fifty  years,  but  the  data  that  has  been  collected  from  experience 
serves  as  a  basis  for  future  improvement.  There  is  every  reason 
to  be  optimistic  in  regard  to  road  development  provided  the  prob- 
lem is  approached  with  constructive  imagination  and  encourage- 
ment is  given  to  departure  from  methods  whose  main  defense  lies 
in  precedent  or  habit. 

The  work  of  revision  for  this  edition  is  entirely  that  of  W.  G. 
Harger. 

W.  G.  H. 
E.  A.  B. 

Rochester,  N.  Y.,  January,  1919. 
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PREFACE  TO  SECOND  EDITION 

Since  the  publication  of  the  first  edition  of  this  book  four  years 
ago,  considerable  progress  has  been  made  in  the  practice  of  road 
design  and  construction.  To  meet  this  advance,  thi  handbook  has 
been  revised  by  bringing  the  material  on  top  courses  up-to-date, 
and  by  adding  considerable  data  on  tests,  designs,  costs,  mainte- 
nance and  specifications.  Not  only  has  much  of  the  old  material 
been  revised,  but  new  material,  totaling  approximately  ioo  pages, 
has  been  added.  The  criticisms  and  suggestions  of  many  who  have 
used  the  book  in  the  field  and  office  have  aided  the  authors  in  this 
revision. 

A  more  complete  and  systematic  index  has  been  prepared  by  Mr. 
Percy  Waller. 

The  general  arrangement  of  the  book  remains  untouched. 

W.  G.  H. 
E.  A.  B. 

Rochester,  N.  Y.,  May,  191 6. 


PREFACE  TO  FIRST  EDITION 

The  purpose  of  this  book  is  to  collect,  in  a  compact  and  conven- 
ient form,  information  ordinarily  required  in  the  field  and  office 
practice  of  road  design  and  construction. 

The  book  is  designed  to  meet  the  requirements  of  both  experienced 
and  inexperienced  road  men.  The  material  on  the  relative  impor- 
tance of  the  different  parts  of  the  design,  and  the  possibilities  of 
economy,  without  impairing  the  efficiency  of  the  road,  are  primarily 
for  the  inexperienced  engineer.  The  collection  of  cost  data  and  the 
tables  will  be  useful  to  any  one  engaged  in  road  work. 

As  it  is  difficult  to  avoid  clerical  errors  and  mistakes  in  proof- 
reading in  first  editions,  we  shall  appreciate  the  cooperation  of  read- 
ers in  calling  our  attention  to  any  errors. 

W.  G.  H. 
E.  A.  B. 

Rochester,  N.  Y.,  April,  191 2. 
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HANDBOOK 

FOR 

HIGHWAY  ENGINEERS 

PART  I— PRINCIPLES  AND  PRACTICE 
CHAPTER  I 

GENERAL  ADMINISTRATIVE,  ENGINEERING,  AND 
ECONOMIC  DATA 

Introduction. — There  is  no  object  in  giving  an  extended  discus- 
sion of  the  general  highway  problem  in  a  handbook  of  this  char- 
acter. The  reader  is  referred  to  the  many  excellent  highway  books 
and  official  government  publications  for  such  a  discussion.  This 
chapter  summarizes  briefly  the  main  points  to  be  considered  and 
tabulates  basic  administrative  and  economic  data. 

Public  business  as  well  as  private  business  is  usually  based  on  the 
fundamental  idea  of  creating  a  demand  for  commodities  or  services 
in  order  that  large  sums  of  money  may  be  collected  and  its  expendi- 
ture controlled  by  the  constituted  authorities.  In  order  to  produce 
a  healthy  and  long-lived  business,  public  or  otherwise,  it  is  necessary 
to  follow  a  line  of  procedure  which  is  both  popular  and  economically 
defensible  and  which  raises  the  living  standards  of  the  community 
and  increases  its  productive  capacity.  The  highway  executive 
must  decide  what  will  be  popular  and  at  the  same  time  good  busi- 
ness. He  must  distribute  rewards  for  large  public  expenditures  on 
a  reasonable  basis  between  the  capitalistic  or  banker  class,  by  some 
use  of  bonds  and  other  interest-bearing  methods,  and  the  laboring 
and  active  business  interests,  by  utilizing  most  of  his  expenditures 
for  human  labor  and  the  development  of  actively  productive  business 
enterprises  of  road  material  and  equipment  manufacture. 

In  the  pursuit  of  the  universal  and  laudable  object  of  public 
works,  highway  executives  are  between  two  fires:  the  desire  of 
constituents  for  perfection  in  travel  comfort,  and  a  reasonable 
type  of  road  improvement,  taking  into  consideration  the  economics 
of  highway  service  and  cost.  General  policy  must  usually  be  a  com- 
promise between  business  utility  standards  and  the  natural  desire 
of  all  individuals  and  communities  to  get  as  much  pleasure  out  of 
existence  as  they  can  regardless  of  cost  or  regardless  of  the  business 
wisdom  of  expenditure  for  luxuries.  The  main  value  of  highway 
economics  lies  in  providing  a  basis  for  judgment  considering  the 
problem  from  a  business  standpoint.     TJie  practical  use  of  economics 
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is  largely  confined  to  providing  a  check  on  extravagance,  as  the  desire 
of  communities  for  excellent  roads  has  much  more  influence  on  general 
administrative  policy  than  the  economic  point  of  view. 

Successful  general  policy  must  be  flexible  in  order  to  cover  the 
wide  range  of  traffic  requirements  from  cheap  earth  development 
roads  in  pioneer  districts  to  the  heavy-traffic  boulevards  of  metro- 
politan districts,  and  requires  careful  consideration  of  the  relative 
cost  and  value  of  the  different  stages  of  highway  improvement. 
Complete  highway  programs  include  three  well-defined  branches 
coordinated  by  centralized  administration: 

i.  The  immediate  temporary  improvement  of  portions  of  the 
system  not  yet  reached  by  the  modern  construction  program. 

2.  The  gradual  improvement  of  the  road  system  by  means  of 
economic  locations,  modern  pavements  and  bridges  suitable  for  the 
traffic  each  road  must  carry,  and  the  proper  care  of  detours  during 
construction. 

3.  The  maintenance  and  renewal  of  such  high-grade  improve- 
ments. 
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Fig.   1. — North  Carolina  progressive  improvement. 

As  available  funds  are  rarely  sufficient  to  meet  the  final  desires  or 
needs  of  the  community,  it  has  been  found  that  the  policy  of 
"progressive  improvement"  is  a  good  practical  solution,  as  each 
stage  of  improvement  materially  increases  the  comfort  and  safety 
of  traffic  and  reduces  its  cost  as  compared  with  previous  conditions, 
which  retains  the  continued  support  of  taxpayers  for  the  gradually 
increasing  costs  during  the  period  of  years  necessary  for  the  com- 
pletion of  a  satisfactory  and  economically  defensible  system  of 
roads.  Progressive  improvement  recognizes  the  two  main  stages 
of  highway   construction   listed   in   the  preceding  paragraph:  It 
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emphasizes  the  well-established  principle  that  the  first  necessity  is 
the  rapid  construction  of  a  complete  system  of  moderate-priced 
roads  which  will  give  the  community  year-round  service  for  its 
ordinary  business  needs,  and  that  after  this  is  accomplished  it  is 
desirable  to  raise  gradually  the  standards  of  comfort  and  con- 
venience to  the  highest  point  which  the  community  can  afford. 

Reasonable  administrative  policy  and  engineering  design  give 
careful  consideration  to  the  following  factors,  which  are  discussed 
briefly: 

1.  General  value  and  cost  of  highways  (see  p.  3). 

2.  Distribution  of  taxation  (see  p.  17). 

3.  Financing  (see  p.  19). 

4.  Traffic  requirements  (see  p.  26). 

5.  Traffic  regulation  (see  p.  28). 

6.  Traffic  volume  (see  p.  28). 

7.  Traffic  safety  and  speed  (see  p.  ^^). 

8.  Traffic  range  (see  p.  38). 

9.  General  suitability  of  pavement  types  (see  p.  40). 

10.  Classification  of  roads  (see  p.  46). 

11.  Importance  of  maintenance  (see  p.  48). 

12.  Departmental  organization  (see  p.  49). 

13.  Contract  relations  (see  p.  51). 

14.  Economic  tests  of  detail  design  (see  p.  52). 

1.  General  Value  and  Cost  of  Highway  Improvements. — High- 
way value  consists  of  two  factors,  first  the  indirect  general  benefits 
expressed  in  terms  of  higher  standards  of  living,  greater  power  of 
communication,  and  better  general  values  as  listed  in  Table  1,  and, 
second,  the  direct  reduction  in  cost  of  vehicle  operation. 

In  order  to  insure  a  real  profit  on  investment,  highway  expendi- 
tures should  have  some  reasonable  relation  to  the  value  of  the 
proposed  improvements,  and  analyses  of  the  indirect  and  direct 
values  of  highways  are  well  worth  while  in  arriving  at  general  limits 
of  expenditure.  In  some  cases  these  analyses  indicate  that 
increased  expenditures  are  desirable,  and  in  some  cases  that  pro- 
posed expenditures  exceed  rational  amounts.  As  a  general  rule, 
permissible  increases  apply  only  to  main  roads,  carrying  over  1500 
vehicles  daily,  and  reductions  to  moderate-traffic  roads  carrying  less 
than  1000  daily.  For  roads  carrying  less  than  300  to  500  vehicles 
daily,  the  general  intangible  benefit  usually  controls  both  minimum 
and  maximum  expenditures.  For  roads  carrying  more  than  500  to 
1000  vehicles  daily,  the  direct  reduction  in  travel  cost  controls  per- 
missible maximum  expenditures,  which  in  most  cases  permit 
economic  design;  on  these  roads  general  intangible  benefit  fixes  the 
extreme  minimum  of  expenditures  (see  Fig.  3,  p.  16).  There  is  no 
doubt  that  rational  highway  expenditures  are  a  sound  business 
investment  for  all  communities,  but  in  many  cases  the  general 
public  has  been  gradually  educated  up  to  high-type  roads  and 
extreme  comfort  of  travel  without  any  real  understanding  of  the 
economics  of  the  matter,  and  the  present  insistent  demands  for 
excessive  expenditure  on  moderate-traffic  roads  are  somewhat 
disturbing.     It  is  believed  that  it  is  desirable  to  set  reasonable 
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economic  limits  for  such  cases.  While  needless  expenditures  are 
not  economically  defensible,  it  is  quite  obvious  that  highways 
cannot  be  considered  solely  from  an  economic  standpoint  and  that 
analyses  of  this  nature  are  only  one  phase  of  the  problem. 


Table  i. — Indirect  Value  of  Highways 


i.  They  provide  lines  of  communication  to  all  parts  of  the 
district  and  save  time  of  travel. 

2.  They  provide  direct-contact  hauling  service  to  all  parts 
of  the  producing  area  of  the  district  for  the  entire  year. 

3.  They  make  rural  life  more  attractive  and  tend  to  stabi- 
lize a  healthy  ratio  of  rural  and  city  population. 

4.  They  increase  the  social  and  recreational  possibilities  of 
both  city  and  rural  residence. 

5.  They  increase  the  flexibility  and  the  strength  of  the 
general  transportation  s}^stem  of  the  county  in  times  of 
unusual  stress,  such  as  military  use  in  time  of  war  and  emer- 
gency transportation  in  case  the  railroad  systems  are  tied  up 
by  strikes  or  otherwise, 

6.  They  raise  rural  land  values. 

7.  They  increase  the  range  of  marketing  in  respect  to  both 
distance  and  favorable  selling  periods. 

8.  They  promote  suburban  residence  of  city  dwellers  and 
reduce  the  necessity  for  congested  living  conditions. 


Indirect  General  Benefits. — While  it  is  impossible  to  put  an  exact 
money  value  on  the  indirect  general  benefits,  it  is  certain  that  they 
are  much  more  important  than  the  item  of  reduced  vehicle  opera- 
tion cost.  It  is  also  certain  that  the  indirect  benefits  alone  more 
than  justify  the  construction  of  a  complete  system  of  modern 
highways  usable  the  year  round  for  moderate  loads  with  moderate 
comfort  and  safety.  Roads  of  this  class  will  be  termed  "general- 
utility  highways."  Their  value  consists  primarily  in  complete 
mileage  and  in  their  ability  to  handle  the  normal  business  and 
pleasure  traffic  of  the  community  the  year  round.  This  value  is 
not  directly  proportional  to  the  volume  of  traffic,  nor  does  it  depend 
on  extreme  refinements  of  pavement  surface,  grades,  and  alignment 
in  order  to  give  perfection  in  travel  comfort  and  to  reduce  motor 
operation  costs  to  a  minimum.  These  highways  reduce  motor 
operation  costs  in  a  varying  degree,  depending  on  the  type  of  pave- 
ment and  on  the  grade  reductions  necessary  for  general-utility 
purposes.  No  attempt  should  be  made  to  reduce  the  cost  of 
vehicle  operation  below  that  obtained  by  the  normal  utility  stand- 
ards for  construction  or  reconstruction  programs  financed  by  general 
tax  levies.  Where  such  programs  are  financed  by  direct  vehicle 
taxation,  increased  standards  of  construction  may  be  justified  by 
the  increased  direct  saving  to  traffic,  but  even  under  such  programs 
it  is  desirable  to  scrutinize  the  relation  of  proposed  cost  to  value 


COST  OF  HIGHWAYS 


and  to  limit  improvements  over  and  above  utility  standards  to 
amounts  justified  by  actual  traffic  money  savings. 

The  alignment,  grading,  bridges,  safety  provisions,  and  type  and 
width  of  pavements  required  to  fulfil  the  functions  of  general- 
utility  roads  vary  for  different  volumes  of  traffic  and  for  the  cost 
and  availability  of  different  kinds  of  road  materials,  and  should  be 
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selected  so  that  the  final  yearly  cost  of  the  highways  is  kept  to  a 
minimum.  This  cost  includes  interest  on  construction  investment, 
maintenance,  and  renewal  charges. 

Table  2  summarizes  the  requirements  for  general-utility  highways 
serving  different  volumes  of  traffic.  This  table  has  a  quite  universa  1 
value,  as  it  is  based  on  the  experience  of  engineers  over  a  long  period . 
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Table     3. — Approximate     Necessary     Construction     Costs 

General  Utility  Highways  (Western  New  York) 

(1925  cost  conditions) 


./ 


Approximate  average 

number  of  vehicles 

^er  day  (24  hr.), 

verage  mixed  traffic 


o-  300 
300-  800 
800-2,000 

2,000-6,000 


Approximate  average  construction  cost  per  mile 


Grading,  culverts, 

pavement,  and 
minor  incidentals 


Bridges 

over 
5'  span 


Railroad  grade- 
crossing 
eliminations, 
one  every  5  miles 


I  5,ooo-$i5,ooo 
15,000-  30,000 
30,000-  50,000 
50,000-  70,000 


$  3.000  + 
4,000  + 
5,000  + 
6,000  ± 


15,000  + 
20,000  + 
20,000  + 
25,000  ± 


Table  3  costs  include  grading,  drainage,  and  pavement.  For  the 
ordinary  road  where  the  grade  line  follows  the  natural  surface,  the 
item  of  grading  is  largely  necessary  to  provide  a  suitable  roadbed  for 
the  pavement  and  is  properly  a  pavement  charge.  Where  hills  are 
cut  down  and  distance  shortened,  the  economic  value  of  such  work 
(see  Tables  5  and  6,  p.  12)  should  be  added  to  the  values  given  in 
Table  7  before  comparing  with  Table  3. 


Table  3  summarizes  typical  average  costs  of  a  large  mileage 
of  general-utility  highways  under  different  volumes  of  traffic  in 
western  New  York  for  1925  cost  conditions.  Grade-crossing  elimi- 
nations are  not  strictly  an  integral  part  of  this  type  of  highway  and 
are  discussed  as  a  special  problem  in  Chap  IX.  Table  3  will  vary 
for  different  localities  depending  on  soil  conditions,  local  road 
materials,  necessary  bridge  replacements,1  and  local  contract  costs. 
Tabulations  of  this  general  character  are  the  first  necessary  step  in 
the  rational  comparison  of  highway  costs  and  value  for  any  specified 
district. 

Direct  Reduction  in  Cost  of  Vehicle  Operation. — The  service  value 
of  highways  in  respect  to  reduction  in  the  cost  of  vehicle  operation 
depends  on  the  volume  and  character  of  the  traffic  and  on  the 
reduction  in  cost  of  operation  per  vehicle  mile.  All  of  these  factors 
are  subject  to  considerable  uncertainty,  but  the  data  now  at  hand 
make  it  possible  to  arrive  at  reasonable  general  conclusions, 
although  they  are  not  yet  sufficiently  definite  to  warrant  hair- 
splitting decisions  upon  the  details  of  design. 

Methods  of  estimating  present  and  probable  future  traffic  are 
discussed  in  detail  under  Traffic  Volume  (p.  32).  For  this  part  of 
the  discussion  it  is  necessary  to  consider  only  the  relation  of  business 
to  pleasure  traffic  in  arriving  at  reasonable  allowances  for  highway 
value  to  the  community  at  large  and  to  individual  traffic  operations. 
The  very  complete  Connecticut  Traffic  Census  taken  under  the 
joint  cooperation  of  the  state  and  the  U.  S.  Bureau  of  Public  Roads 
in  1922  showed  that  65%  of  the  passenger  autos  can  be  classed  as 
pleasure  traffic  and  35%  as  business  traffic.  "Western  New  York 
investigations  indicate  that  about  50%  of  the  vehicles  on  the  main 
state  road  system  are  pleasure  and  50%  business  traffic.  As  the 
community  at  large  derives  no  direct  tangible  business  benefits 

1  Bridge  contracts  for  the  United  States,  1920  to  1925,  amount  to  15%  of 
cost  of  road  and  street  contracts. 


VEHICLE  OPERATION  COST 


II 


from  the  reduction  of  motor  operating  costs  on  private  pleasure 
trips,  the  author  has  been  in  the  habit  of  using  one-half  of  the  total 
traffic  counts  in  computing  the  money  saving  of  improved  highways 
to  the  community  at  large  and  the  total  traffic  in  computing  the 
money  value  of  highways  to  vehicle  owners. 

This  means  that  for  general-utility  highway  construction 
financed  by  general  tax  levy  it  is  probably  reasonable  to  figure  omy 
one-half  of  the  justifiable  expenditure  that  can  be  figured  for 
reconstruction  boulevard  construction  financed  by  direct  vehicle 
taxation. 

Detail  motor  operation  costs  are  given  in  Chap.  XV,  Cost  Data. 
Table  4  (p.  n)  gives  a  rough  approximation  of  the  relative  cost  of 
motor  operation  on  different  types  of  road  improvements.  Table  5 
gives,  an  approximation  of  the  relative  capitalized  cost  of  motor 
operation  on  different  grades.  Table  6  gives  the  same  data  modified 
for  business  operation  only.  The  total  value  of  improvements 
includes  all  reductions  in  motor  operation  costs  due  to  shorter 
distance,  reduced  grades,  and  a  better  type  of  pavement, 
(text  continued  on  page  14.) 

Table  4. — Relative  Costs  of  Vehicle  Operation  on  Various 
Classes  of  Roadway  Surfaces1 


Type  of  surface 


Type  and  speed  of  vehicle 


Solid- 
tire 
trucks, 
10  m.p.h. 


Cents 

per 
ton-mile 


Pneu- 
matic- 
tire 
trucks, 
15  m.p.h. 


Cents 

per 

ton-mile 


Auto- 
mobiles, 
25-35 
m.p.h. 


Cents 

per 

vehicle 

mile 


Motor 

busses, 

25  m.p.h. 


Cents 
per 

ton-mile 


Average  Portland  cement  concrete 
and  asphalt-filled  brick 

Best  Portland  cement  concrete  and 
asphalt-filled  brick 

Best  gravel,  yearly  average 

Ordinary  gravel,  yearly  average. .  . 

Water-bound  macadam,  well  main- 
tained   

Bituminous  macadam,  well  main- 
tained  

Average  sheet  asphalt,  yearly 
average  temperature 

Average  asphaltic  concrete,  yearly 
average  temperature 

Best  earth,  well  packed  by  traffic, 
yearly  average 

Ordinary  earth  with  light  traffic, 
yearly  average 


8.00 

7-75 
8.50 
9.00 

8.70 

8.50 

8.10 

8.00 

9.20 

'  9-50 


8.30 

7-70 
8.80 
9.40 

8.95 

8.80 

8.30 

8.30 

9.50 

995 


10.00 

9.30 
10.90 
11.80 

11 .10 

10.60 

10.00 

10.00 

12  .00 

12  .60 


24.00 

22.50 
25.70 
27.80 

26.00 

25.70 

24.00 

24.00 

27.80 

29.60 


1  Agg,  T.  R.,  and  Carter,  H.  S.,  in  cooperation  with  U.  S.  Bureau  of 
Public  Roads,  Bull.  69,  Iowa  State  College,  July,  1924.  See  also  p.  68  for 
discussion  of  operating  costs  on  different  surfaces  and  the  capitalized  value 
of  reductions  in  vehicle  operation  costs  by  different  kinds  of  high-class 
pavement  construction. 
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Table  5. — Approximate  Capitalized  Cost  at  5%  of  Operating 

100   Motor   Vehicles   Daily    (36,500   per   Year)    for    i' 

of  Distance  on  the  Various  Grades1 

(Time  factor  included) 


Rate 
of  grade 

1 
Average  traffic 
trucks  and  light 
vehicles,  based  on 
1 1  cts.  per  mile 
average  grades 

2 

Light  motor 

vehicles,  based  on 

8  cts.  per  mile 

average  grades 

3 

Heavy  commercial 

trucks,  based  on 

40  cts.  per  mile 

average  grades 

Level 

S14.80 

S10.70 

$54  00 

1 

14.80 

10.75 

54  00 

2 

15. 10 

10.85 

54.60 

3 

16. 10 

11.05 

56.70 

4 

17.90 

11 .40 

6390 

3 

20.50 

12  .00 

74-10 

6 

23.30 

12  .90 

84  -50 

7 

26.40 

14-50 

95    00 

8 

29.60 

16.15 

105.60 

9 

32.80 

17.90 

116.20 

10 

36.00 

19.70 

127 .00 

Note. — This  table  to  be  used  only  for  rough  general  comparisons  of  the 
relative  value  of  alternate  long  routes.  The  actual  costs  must  be  used  with 
caution.     Alignment  good.      For  effect  of  dangerous  alignment,  see  page  118. 

1  "Highway  Location,  Grading  and  Drainage,"  McGraw-Hill  Book  Com- 
pany, Inc. 

Table  6. — Approximate  Capitalized  Cost  at  5%  of  Operating 

100   Motor   Vehicles   Daily   (36,500   per   Year)    for    i' 

of  Distance  on  the  Various  Grades1 

(Time  factor  modified  columns  1  and  2.     Fuel  cost  not  considered 

for  50%  of  light  motors  columns  1  and  2)2 


1 

2 

Local  service  roads 

Main  intercity  state 

Rate 
of  grade 

and  secondary  state 

routes,  less  than 

1800  vehicles 

roads,  probable 
future  traffic 
1800  or  more 

3 

Future  commercial 
truck  to  11  roads 

daily  average 

daily  average 

Level 

$  9.10 

$12.20 

$  54-00 

1 

9. 10 

12.20 

54-00 

2 

9.15 

12.30 

54-6o 

3 

9.25 

12.50 

56.70 

4 

9.40 

12.80 

63.90 

5 

9.70 

13.50 

74   10 

6 

10.20 

14-50 

84.50 

7 

11 .20 

15.80 

95-00 

8 

12.50 

17.70 

105 .60 

9 

14.00 

19.80 

116.20 

10 

15.50 

22  .00 

127  .00 

- 

Note. — As  a  general  rule,  make  no  changes  in  existing  locations  or  grade 
lines  which  fit  the  natural  surface  unless  the  saving  in  approximate  operating 
cost  is  at  least  twice  the  additional  cost  of  construction.  This  note  does  not 
apply  to  changes  which  are  desirable  to  improve  the  safety  or  convenience 
of  the  road. 

1  "Highway  Location,  Grading  and  Drainage,"  McGraw-Hill  Book  Com- 
pany, Inc.  This  table  serves  as  a  practical  basis  of  comparison  of  alternate 
routes  or  alternate  grading  designs.  (See  p.  57  for  a  detailed  tabulation 
showing  the  method  of  using  these  data.) 

2  U.  S.  Bureau  of  Public  Roads  Traffic  Census  in  Connecticut,  1922,  showed 
that  65  %  of  the  passenger  autos  were  pleasure  vehicles  and  35  %  business 
vehicles. 
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Fig.  2. — Graph  of  Table  6.  A  practical  basis  of  comparison  of 
alternate  routes  or  alternate  grading  designs.  This  graph  assumes 
one-half  of  traffic  uphill  and  one-half  downhill. 
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Figures  of  this  kind  must,  of  course,  be  used  with  caution. 
They  do  not  consider  the  effect  of  snow  and  ice  for  a  portion  of 
the  year,  nor  do  they  consider  the  gradual  deterioration  of  the 
higher-type  surfaces  which  tend  to  reduce  the  apparent  advantage 
of  the  higher  types.  Table  4  also  shows  considerably  more  differ- 
ence between  well-maintained  modern  macadams  and  rigid  pave- 
ments than  the  author's  experience  indicates  (see  p.  68). 
Considering  all  these  factors  and  the  facts  that  the  more  important 
roads  are  better  located,  better  graded,  better  maintained,  and  are 
kept  free  of  snow  in  winter,  the  author  has  been  in  the  habit  of  using 
the  following  values  for  saving  in  average  vehicle  operation  per  mile 
for  different  classes  of  general-utility  road  improvements  as  listed 
in  Table  2  (p.  6)  over  and  above  earth-road  conditions. 


Class  of  Road 


Class  I, 

over  2,000 

vehicles 

daily,  in  cents 

Class  II, 
800  to  2,000 

vehicles 
daily,  in  cents 

Class  III, 

300  to  800 

vehicles 

daily,  in  cents 

Class  IV, 

less  than 

300  vehicles 

daily,  in  cents 

Total    value    to 
vehicle  owners 

2  per 
vehicle  mile 

1 . 7  per               1 . 5  per 
vehicle  mile      vehicle  mile 

1  per 
vehicle  mile 

Approximate 
value   to   com- 
munity at  large 

1 

0.8 

0.7 

0.5 

If  justifiable  road  cost  is  considered  strictly  from  the  standpoint 
of  reduction  in  vehicle  operation  cost,  the  above  savings  per  year  per 
mile  of  road  must  at  least  pay  for  the  yearly  maintenance,  renewal, 
and  interest  charges  of  the  highway  improvement. 

Anticipating  the  discussion  of  maintenance  and  renewal,  the 
yearly  road  cost  for  interest  on  construction,  maintenance,  and 
renewal  depends  largely  on  the  volume  of  traffic  and  is  only  slightly 
affected  by  the  type  of  pavement,  provided  the  pavements  used  are 
of  the  general  class  indicated  in  Table  2.  This  yearly  charge  ranges 
from  7  to  12%  of  original  cost  of  the  improvement  for  general- 
utility  highways  and  averages  about  10%.  This,  of  course,  is 
subject  to  some  variation,  but  is  not  misleading  for  purposes  of 
arriving  at  the  extreme  justifiable  maximum  expenditure  for 
construction  for  a  large  mileage  of  improved  roads.  This  maximum 
justifiable  expenditure  is,  therefore,  approximately  10  times  the 
resultant  saving  to  traffic  from  the  improvement.  If  the  com- 
munity desires  any  real  return  on  its  investment  it  is  well  not  to 
exceed  two-thirds  of  the  maximum  amount.  Table  7  is  compiled 
on  this  basis,  assuming  a  saving  of  1  ct.  per  vehicle  mile. 
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Table  7. — Allowable  Costs 
(1921  cost  conditions) 


Assumed  yearly 

Maximum  allow- 

Reasonable 

Average 

travel  cost 

able  expenditure 

expenditure 

daily 

saving,  based  on 

per  mile  for 

with  some 

number  of 

1  ct.  per  vehicle 

original  con- 

profit 

vehicles 

mile,  average 

struction,  based 

to  the 

mixed  traffic 

on  pavement  benefit 

community 

100 

$       350 

$     3,500 

$      2,300 

200 

700 

7,000 

4,600 

300 

1,050 

10,500 

6,900 

400 

1,400 

14,000 

9,200 

500 

1,750 

17,500 

11,500 

600 

2,100 

21,000 

13,800 

700 

2,450 

24,500 

16,100 

800 

2,800 

28,000 

18,400 

900 

3,150 

31,500 

20,700 

1,000 

3,500 

35,000 

23,000 

1,500 

5.250 

52,500 

34.500 

2,000 

7,000 

70,000 

46,000 

3-000 

10,500 

105,000 

69,000 

4,000 

14,000 

140,000 

92,000 

5.000 

17,500 

175,000 

115,000 

10,000 

35,000 

350,000 

230,000 

Column  3  represents  maximum  allowable  expenditure.  If  construction 
equals  this  amount,  the  community  gets  no  money  return  on  their  invest- 
ment; they  merely  take  their  money  out  of  one  pocket  and  put  it  in  the  other. 
It  is,  therefore,  not  desirable  to  use  more  than  two-thirds  of  these  amounts  if 
a  profit  is  considered  desirable;  column  4  has  been  figured  on  this  basis. 

Figure  3  compares  graphically  the  necessary  and  allowable 
construction  costs  per  mile  for  general-utility  highways  based  on  a 
saving  of  1  ct.  per  average  vehicle  mile.  Comparisons  of  this  kind, 
making  due  allowance  for  the  degree  of  improvement  accomplished 
and  the  method  of  financing,  usually  indicate  the  following  general 
conclusions: 

1.  On  roads  carrying  an  exceptionally  heavy  traffic,  the  actual 
travel  saving  will  more  than  justify  high-grade  types  of  construction. 

2.  For  moderate  traffic  (say,  300  to  1500  average  vehicles  per 
day)  satisfactory  general-utility  highways  are  justified,  but  needless 
refinements  may  well  be  avoided  if  any  real  return  on  investment 
is  desired. 

3.  For  purely  local  roads  carrying  less  than,  say,  300  to  500 
vehicles  per  day  it  is  probably  necessary  to  consider  the  intangible 
benefits  to  justify  a  satisfactory  standard  of  construction.  This  is 
shown  in  chart  form  on  page  16  and  begins  to  help  in  the  matter 
of  tax  burden  distribution. 

Summarizing  the  limitations  imposed  on  expenditures  by  the 
value  of  highways:  If  Fig.  3  is  modified  slightly  to  fit  actual 
observed  road  service,  it  is  evident  that  if  construction  investment 
is  considered  from  the  standpoint  of  direct  return  by  reduction  in 
cost  of  vehicle  operation,  we  are  limited  to  the  standard  of  general 
utility  except  for  heavy-traffic  roads  carrying  an  average  volume  of 
over,  say,  1500  vehicles  per  day.  This  class  of  road  represents  a 
very  small  percentage  of  the  total  road  mileage.     Even  for  roads 
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carrying  a  year-round  average  of  more  than  1500  vehicles  per  day, 
there  is  no  particular  advantage  in  adding  much  to  the  amounts 
shown  by  the  general-utility  curve. 

If  construction  investment  is  considered  from  the  standpoint  of 
intangible   benefits    expressed   in    terms    of    convenience,    safety, 


(Year  Round  Average) 
Average  Number  of  Vehi  cles  per  Day  -24  Hrs  -Mixed  Traffic 

1500   ?000    2500   3000  3500   4000   4500  5000  5500  6000 


150,000 
140,000 


1500  2000   2500   3000  3500   4000  4500   5000  5500  600Q 
Average  Number  of  VehiclcsperDay-24Hrs.-Mrxed  Traffic 
(Year  Round  Average) 
Fig.  3. — Comparison   of   approximate  necessary  and   allowable 
construction  costs  for  general  utility  roads  in  Western  New  York 
under  different  volumes  of  traffic.      (Construction  costs  for   1925 
conditions.     Allowable  costs  based  on  1  ct.  per  vehicle  mile  benefit.) 


pleasure,  and  ease  of  communication,  no  practical  limitation  of 
expenditure  except  that  imposed  by  the  community's  financial 
ability  to  complete  a  general -utility  system  within  a  reasonable 
time  need  be  considered. 

The  tax  burden  distribution  also  has  a  distinct  bearing  on  the 
proper  limitation  of  expenditure;  that  is,  if  the  roads  are  being 
improved  by  mean's  of  a  general  tax  levy  it  is  desirable  not  to  exceed 
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the  costs  required  by  general-utility  standards.  If  the  road  funds 
are  raised  by  direct  vehicle  taxation  more  liberality  in  expenditures 
is  justified  for  added  convenience  and  pleasure. 

2.  Distribution  of  Tax  Burden. — A  successful  tax  is  based  on  three 
main  points: 

1.  The  final  burden  should  fall  on  each  individual  as  nearly 
as  possible  in  proportion  to  the  direct  and  indirect  benefit  received. 

2.  The  direct  tax  should  be  paid  by  the  individuals  receiving 
the  immediate  direct  benefit  if  they  are  financially  able. 

3.  The  tax  must  be  levied  on  a  definite  source  comparatively 
easy  to  assess  and  be  collected  from  individuals  having  the  ready 
money  for  payment. 

Real  property,  motor  vehicles,  tractor  and  horse  vehicles,  and 
gasoline  are  definite  sources  of  taxation  owned  or  used  by  individ. 
uals,  presumably  with  ready  cash  to  pay  any  reasonable  tax  burden- 

The  immediate  and  direct  benefits  of  improved  highways  are 
largely  received  by  the  owners  of  vehicles  operating  on  the  roads. 

The  final  direct  and  indirect  benefits  of  a  modern  highway  system 
were  given  on  page  3. 

While  the  road  user  gets  most  of  the  direct  benefit,  it  is  rarely 
feasible  in  the  first  stages  of  the  improvement  to  tax  him  directly 
for  a  large  proportion  of  the  cost  of  construction;  that  is,  before 
improved  highways  are  an  accomplished  fact,  the  vehicles  are  fewer 
in  number  and  operated  by  financially  poorer  individuals.  The 
completion  of  a  modern  highway  system  increases  the  number  and 
effectiveness  of  vehicles  and  adds  to  the  ability  and  willingness  of 
the  owners  to  assume  a  larger  tax  burden.  It  is,  therefore,  generally 
believed  that  the  original  construction  of  such  a  modern  general- 
utility  system  (under  a  proper  classification  based  on  reasonable 
regulation  of  traffic)  should  properly  be  paid  for  largely  by  a  general 
tax  levy,  which  is  eventually  quite  evenly  distributed  over  the 
community. 

The  cost  of  maintenance  and  the  renewal  of  pavements  depend 
on  the  volume  and  kind  of  traffic.  The  largest  share  of  the  benefit 
of  keeping  a  road  continually  in  excellent  shape  goes  to  the  vehicle 
owner.  There  are  two  general  classes  of  traffic :  pleasure  traffic  and 
business  traffic.  If  a  pleasure  vehicle  is  taxed  a  fair  amount  to 
cover  the  damage  it  does  to  the  road,  this  is  a  luxury  tax  borne  by 
the  owner.  If  a  business  vehicle  is  taxed  a  fair  amount  to  make  the 
highway  self-supporting,  the  charge  is  added  to  the  other  vehicle 
operating  costs  which  go  into  the  price  charged  to  the  consumer, 
and  the  public  at  large  foots  the  bill.  The  principle  of  a  vehicle  tax 
for  maintenance  and  renewal  apparently  has  a  sound  basis  in  fair- 
ness. While  there  may  be  minor  flaws  in  its  application,  there  are 
the  same  flaws  in  the  application  of  a  tax  principle  which  is  not 
essentially  sound,  so  that  the  small  practical  inequalities  of  the  tax 
do  not  invalidate  the  soundness  of  the  general  proposition. 

It  is  certain  that  if  maintenance  and  renewal  were  paid  by 
general  tax  levy  pleasure  traffic  would  escape  its  fair  luxury  tax 
and  the  business  traffic,  particularly  heavy  hauling,  would  have 
an  unfair  advantage  in  competition  with  other  transportation 
methods  which  pay  their  own  cost  of  track  or  waterway  construc- 
tion and  maintenance. 
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Public-road  tolls  are  not  feasible  except  for  a  few  special  cases, 
as  they  restrict  the  free  movement  of  traffic,  so  that  some  form 
of  graduated  vehicle  license  based  on  gross  vehicle  weight  and 
type  of  tire  supplemented  by  a  gasoline  tax  seems  the  most  reason- 
able form  of  tax  for  the  upkeep  and  renewal  of  at  least  the  main 
highways. 

These  general  principles  expressed  in  terms  of  definite  policy 
are  as  follows: 

It  is  quite  generally  recognized  that  the  intangible  benefits 
of  a  road  system  practically  obligate  the  community  at  large  to 
construct  such  roads  up  to  the  standards  of  general  utility  by  means 
of  a  general  tax  levy.  This  can  be  accomplished  without  exceeding 
the  bounds  of  reason  on  the  basis  of  a  fairly  reasonable  length  of 
time  for  the  construction  program  and  the  use  of  reasonable  length 
of  term  of  serial  bonds  for  raising  construction  funds. 

The  direct  and  intangible  benefits  accruing  to  vehicles  using  the 
highways  practically  warrant  putting  upon  the  owners  of  vehicles 
the  cost  of  maintaining  and  renewing  at  least  the  main  roads  of  such 
a  system  after  it  has  once  been  built.  For  the  purely  local  roads 
which  are  not  self-supporting  due  to  light  volume  of  traffic  (see 
p.  15),  it  is  not  reasonable  to  tax  vehicles  for  their  entire  mainte- 
nance and  upkeep;  that  is,  vehicle  license  fees  plus  gasoline  tax 
should  probably  be  figured  on  the  basis  of  taking  entire  care  of  the 
main  roads,  aggregating  not  over  15  to  25%  of  the  total  road  mile- 
age, and  for  raising  the  standard  of  such  roads  beyond  that  of  gen- 
eral utility.  For  the  purely  local  roads  a  small  percentage  of  the 
maintenance  cost  can  be  properly  charged  against  traffic.  This 
can  be  accomplished  by  a  graduated  license  fee  and  gas  tax  not 
beyond  the  bounds  of  reason.  For  a  completed  system  in  a  well- 
settled  area,  it  is  probable  that  an  average  yearly  tax  of  from  $25  to 
$50  per  vehicle  will  produce  the  necessary  funds.  Considering  the 
mileage  run  by  the  average  car,  4000  to  7000  miles  per  year  with  a 
yearly  gas  consumption  of  from  400  to  600  gal.  per  registered 
vehicle  and  the  variations  in  license  fees  increasing  rapidly  for 
commercial  trucks,  this  would  not  be  an  excessive  amount. 


Average  Cost  of  Maintenance  and  Renewal  per  Vehicle 

Mile 
(Western  New  York  conditions) 


Class  of 
traffic 

Average  daily 

number  of 

vehicles 

Average  yearly  cost 
road  maintenance 

and  renewal  for 
vehicle  mile,  cents 

Average  cost  for 
interest  on  original 

construction  cost 
plus  maintenance 
and  renewal,  cents 

Class  I 

Class  II 

Class  III 
Class  IV 

4,000 

1,500 

600 

200 

0.2 
0.3 
0.5 
0.7 

0.3 
0.6 

0.8 
1.4 

The  raising  of  funds  for  immediate  temporary  traffic  service  over 
the  gaps  in  the  existing  improved  road  system  may  well  be  raised  by 
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a  slight  addition  to  the  vehicle  tax;  this  affords  no  difficulties,  as  the 
immediate  return  to  traffic  is  so  self-evident  that  road  users  gener- 
ally are  in  favor  of  such  procedure.  This  tax  gradually  decreases 
as  the  system  is  completed,  balancing  the  normal  increase  in  the 
regular  maintenance  tax. 

While  it  seems  reasonable  to  care  for  the  maintenace  upkeep  of 
the  purely  local  roads  by  a  yearly  general  tax  levy,  this  is  the  most 
difficult  part  of  the  program  from  a  practical  standpoint.  In  the 
richer  well-settled  states  it  is  not  probably  an  excessive  burden,  but 
for  the  poorer  districts  it  is  likely  that  some  help  from  some  other 
source  will  be  necessary.  In  such  districts  it  is  likely  that  it  will  be 
necessary  to  get  along  for  some  time  with  comparatively  unsatis- 
factory conditions  on  the  purely  local  roads. 

The  essential  fairness  of  the  road  tax  depends  on  a  proper 
equalization  of  value  on  the  assessment  roll  and  a  well-thought-out 
graduated  vehicle  tax.  It  is  desirable  to  avoid  rapid  fluctuations 
in  the  tax  rate.  This  can  be  accomplished  in  the  matter  of  vehicle 
licenses  and  gasoline  tax  by  gradually  increasing  them  from  year  to 
year  as  the  improved  roads  grow  in  scope  and  service  (see  p.  21). 
It  can  be  accomplished  in  the  matter  of  general  tax  levy  for  construc- 
tion by  adopting  a  reasonable  term  of  years  for  the  construction 
program  and  issuing  the  serial  bonds  only  as  fast  as  actually  needed 
for  raising  construction  funds  (see  pp.  22  and  23). 

In  order  to  apply  the  foregoing  principle  of  taxation  definitely 
to  any  specific  road  program,  it  is  necessary  to  determine  the  point 
in  any  policy  of  progressive  road  improvement  where  the  roads 
have  reached  the  limit  properly  chargeable  to  general  taxation 
and  beyond  which  limit  further  improvement  is  a  strict  traffic 
charge.  This  occurs  when  the  general  road  system  serves  the 
majority  of  the  individual  users  for  ordinary  business  and  local 
pleasure  purposes  as  shown  in  Table  2  (p.  6),  and  when  further 
improvement  is  for  the  added  convenience  of  specially  heavy  com- 
mercial trucking  on  secondary  roads  or  for  the  extreme  convenience 
of  pleasure  traffic.  To  arrive  at  any  reasonable  definite  conclusion, 
the  general  character  and  range  of  normal  traffic  must  be  con- 
sidered (see  p.  27  for  the  formulated  conclusion). 

3.  Financing. — There  are  three  general  classes  of  highway 
expenditure  which  require  different  methods  of  financing: 

1.  Extensive  programs  involving  comparatively  permanent 
types  of  roads  and  bridges  which  are  immediately  needed  in  order  to 
open  up  new  territory  or  to  handle  ordinary  business  traffic  economi- 
cally are  usually  financed  by  the  sale  of  serial  or  sinking-fund  bonds. 

2.  Yearly  maintenance  or  temporary  makeshift  improvements 
must  be  financed  by  yearly  "pay  as  you  go"  tax  budgets. 

3.  The  reconstruction  of  fairly  suitable  existing  highways  up  to 
more  luxurious  standards  should  usually  be  financed  by  yearly 
"pay  as  you  go"  tax  budgets,  although  short-term  bonds  are  some- 
times allowable. 

Construction  funds  for  extensive  programs  are  generally  raised 

by    serial  or  sinking-fund  bonds.     The  "pay  as  you  go"  yearly 

appropriation  policy  is  sometimes  used  for  small  programs,  as  it  is 

the  cheapest  in  final  cost,  but  for  an  extensive  program  the  bond 

(text  continued  on  page  24.) 
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Fig.  19 A. — Estimated  yearly  combined  maintenance  and  renewal 
budget  (192 1  costs  conditions). 

Class  I  and  II A  roads  (310  miles). 

Assumed  construction  period  1905  to  1915- 

Assumed  life  of  pavement  12  to  15  years. 

Note  how  the  curve  steepens  up  when  pavement  renewals 
becomes  necessary  and  then  flattens  out  to  a  high  level  line  when 
the  entire  system  is  old  enough  for  the  renewal  charge  to  become 
constant. 
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Fig.   195. — Estimated  yearly  combined  maintenance  and  renewal 
budget  (192 1  cost  conditions). 

Class  II  and  III  roads  (1040  miles). 
Assumed  construction  period  1905  to  1930. 
Assumed  life  of  pavement  surface  8  to  12  years. 
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iqC. — This  figure  combines  igA  and  igB  and  includes  Classes 
I,  II A,  II  and  III  roads. 
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Fig.   iqD. — Estimated  necessary  auto  license  fee. 

Fig.  19. — Diagrams  representing  estimated  combined  mainte- 
nance and  renewal  yearly  appropriations  for  District  No.  4,  West- 
ern New  York. 

Note. — These  appropriations  should  be  raised  by  vehicle  taxation.  This 
data  compiled  in  1920  by  W.  G.  Harger  in  connection  with  a  personal  study  of 
Division  No.  4  under  assumed  conditions  to  illustrate  the  value  of  classification 
in  connection  with  a  general  finance  plan.  This  same  method  can  be  applied 
to  any  program  at  any  stage  of  procedure  provided  the  data  is  carefully 
worked  out  considering  the  age  and  type  of  existing  pavements. 
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Estimated  Assessed  Valuation.      Division  4. 
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Tax  Curve  Class  I,  II A,  II  and  III  Roads.      Construction  Program 

Fig.   20. 
Note. — See  page  25  for  tabulation  of  budget. 
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Fig.  4A. — Cost  of  different  methods  of  financing. 
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Fig.  4-B. — Effect   of  term   and  kind   of  bond  on  average   yearly- 
repayment  amounts. 
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method  is  to  be  preferred,  as  it  permits  more  rapid  construction, 
makes  it  possible  to  develop  a  more  stable  engineering  organization, 
reduces  rapid  fluctuation  of  tax  rates,  and  throws  a  fair  share  of  the 
burden  on  to  the  future  (for  comparison  of  total  and  yearly  cost, 
see  Fig.  4,  page  23). 

Serial  bonds  are  in  more  favor  than  the  sinking-fund  method, 
as  the  history  of  public  sinking-fund  bonds  is  not  encouraging;  the 
necessary  yearly  appropriations  are  often  neglected  and  the  sinking 
fund  not  well  administered. 

A  reasonable  term  of  bond  depends  on  the  rate  of  depreciation 
of  the  road  improvement  and  on  the  maximum  tax  rate  the  com- 
munity can  afford. 

An  examination  of  Fig.  \A  shows  that  the  yearly  tax  budget 
charge  for  retiring  bond  issues  does  not  lessen  much  for  a  bond  term 
of  more  than  30  years.  Considering  the  fact  that  the  total  cost  of 
bond  financing  increases  with  the  length  of  the  term  (see  Table  7) 
and  that  the  yearly  charge  does  not  decrease  much  for  the  longer 
terms,  it  is  evidently  desirable  not  to  exceed  the  25-  or  30-year  term. 
The  25-year  serial  bond  method  of  raising  funds  for  original  improve- 
ment of  highways  seems  to  meet  the  requirements  of  the  usual 
situation  for  the  following  reasons: 

Table  7A. — Total  Cost  of  Sinking-fund  Bond 

(Total  cost  of  a  $100,000  sinking-fund  bond  bearing  3,  4,  5,  or  6% 

interest,  with  sinking  fund  drawing  3%%,  and  maturing  at 

different  periods  from  5  to  50  years) 


Terms 

■2  or 

4% 

5% 

6% 

in  years 

5 

$108,241 

$113,241 

$118,241 

SI23.24I 

10 

U5,24I 

125,241 

135,241 

145,241 

IS 

122,738 

137,738 

I52,73S 

167,738 

20 

130,722 

150,722 

170,722 

190,722 

25 

139,185 

164,185 

189,185 

214,185 

30 

148,114 

178,114 

208,114 

238,114 

35 

157,494 

192,494 

227,494 

262,494 

40 

167,309 

207,309 

247,309 

287,309 

45 

177,540 

222,540 

267,540 

312,540 

50 

188,169 

238,169 

288,169 

338,169 

Total  Cost  of  Serial  Bond 

(Total  cost  of  a  $100,000  serial  bond  bearing  3,  4,  5,  or  6%  interest 

and  maturing  at  different  periods  from  5  to  50  years) 


Terms 
in  years 

3% 

4% 

5% 

6  % 

5 

$109,000 

$112,000 

$115,000 

$118,000 

10 

116,500 

122,000 

127,500 

133,000 

15 

124,000 

132,000 

140,000 

148,000 

20 

131,500 

142,000 

152,500 

163,000 

25 

139,000 

152,000 

165,000 

178,000 

30 

146,500 

162,000 

177,500 

193,000 

35 

154,000 

17.2,000 

190,000 

208,000 

40 

161,500 

182,000 

202,500 

223,000 

45 

169,000 

192,000 

215,000 

238,000 

50 

... 

176,500 

202,000 

227,500 

253,000 
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The  rate  of  depreciation  of  the  different  general  kinds  of  modern 
highways  is  approximately  as  follows,  assuming  that  the  mainte- 
nance is  moderately  good  and  that  the  pavements  are  well  designed 
and  used  under  a  volume  of  traffic  for  which  they  are  suited  (see 
Table  2,  p.  6). 

Road  improvements  include  grading,  drainage,  pavement  founda- 
tion, pavement  surface  course,  and  incidentals.  The  first  three 
items  are  practically  permanent.  The  surface  and  incidentals 
require  renewals  at  quite  regular  intervals.  Double-track  mac- 
adam surfaces  cost  about  40%  of  the  total  cost  of  original  improve- 


— Tabulation    Illustrating    Method    of    Figuring 
Yearly  Budget.     Serial  Bond  Financing 
(25-year  bonds  5%  interest) 


Year 


Bonds 

issued  to 

date 


Outstand- 
ing in- 
debtedness 


Annual  charges 


Interest1 
5% 


Repayment2 
account 


Budget 
for  year 


1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 

1913 

1914 

1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 


5  1,400 
2,800. 

4,200: 

5.600, 
7,000, 
8,400, 
9,800, 

11,200, 

12,600, 
14,000, 


000 

000 
000 

000 
000 

000 

000 
000 
000 
000 


5  1,400,000 

2,744,000 

4,032,000 

5,264,000 

6,440,000 

7,560,000 

8,624,000 

9,632,000 

10,584,000 

11,480,000 

10,920,000 

10,360,000 

9,800,000 

9,240,000 

8,680,000 

8,120,000 

7,560,000 
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560,000 
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56,000 

112,000 

168,000 
224,000 
280,000 
336,000 
392,000 
448,000 
504,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
560,000 
504,000 
448,000 
392,000 
336,000 
280,000 
224,000 
168,000 
112,000 
56,000 
o 


126,000 

249,200 

369,600 

487,200 

602,000 

714,000 

823,200 

929,600 

1,033,200 

1,134,000 

1,106,000 

1,078,000 

1,050,000 

1,022,000 

994,000 
966,000 
938,000 
910,000 
882,000 
854,000 
826,000 
798,000 
770,000 
742,000 
714,000 
630,000 
548,800 

470,400 
394.800 
322,000 
252,000 
184,800 
114,600 
56,000 
o 


$9,091,400  $14,000,000  $23,091,400 


1  Interest  on  outstanding  indebtedness. 

2  Repayment  account  is  >is  of  bonds  issued  to  date  until  principle  is  paid. 
For  a  30  year  term,  repayment  would  be  J4o  of  bond  till  principle  was  paid. 
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ment  and  generally  last  about  10  years  before  renewal  is  necessary; 
that  is,  for  this  class  of  improvement  it  is  fairly  safe  to  figure  on  a 
natural  depreciation  of  40%  of  the  original  investment  in,  say, 
10  years,  after  which  very  little  further  depreciation  occurs,  as  the 
balance  of  the  work  retains  its  value  quite  indefinitely  if  properly 
maintained.  For  rigid  pavements,  the  surface  course  needs 
renewing  in  about  15  years  as  a  rule,  and  this  item  amounts  to 
about  40  to  60%  of  the  cost  of  original  improvement;  that  is,  the 
depreciation  is  about  50  to  60%  in  15  years.  For  any  general 
system  of  highway  improvements  composed  of  macadams  and 
rigid  pavements,  a  bond  term  which  results  in  paying  off  40% 
of  the  principal  and  interest  in  10  years  and  60%  in  15  years  is 
probably  sound  financing;  the  25-year  (or  less)  bond  complies  with 
this  condition. 

Bridges  and  grade-crossing  eliminations  permit  a  maximum 
40-year  bond  period. 

For  reconstruction  of  surfaces  and  yearly  maintenance  the  "pay 
as  you  go"  method  financed  by  direct  vehicle  taxation  for  the  main 
highways  and  by  direct  general  tax  levy  for  the  purely  local  roads 
seems  reasonable.  If  bonds  are  used  for  a  reconstruction  program 
to  renew  the  pavement  surfaces  the  bond  term  should  probably  not 
exceed  15  years,  but  this  method  is  hardly  warranted  except  in 
unusual  cases. 

Table  8  illustrates  detailed  computation  of  yearly  tax  budget  for 
serial  bond  financing. 

For  a  more  complete  discussion  of  Bond  Financing  see  Location, 
Grading  and  Drainage  of  Highways,  McGraw-Hill  Book  Company, 
Inc. 

4.  Traffic  Requirements. — The  shift  in  general  mode  of  trans- 
portation from  horse  to  motor  is  about  completed.  Horse  traffic  will 
not  entirely  disappear,  but  it  is  not  a  large  factor  in  determining 
road  policy  in  many  localities.  There  are  today  (1926)  approxi- 
mately 18,000,000  motor  vehicles  in  the  United  States,  of  which 
approximately  2,000,000  are  trucks  from  %-  to  7-ton  capacity. 

Motor  traffic  can  be  divided  into  three  general  classes : 

1.  The  passenger  car. 

2.  Light  trucks  and  passenger  bus  lines. 

3.  Heavy  commercial  hauling  trucks. 

1.  The  light  passenger  car  represents  the  largest  part  of  the 
volume  of  road  traffic,  probably  at  least  85%.  This  type  of  traffic 
desires  all-the-year-round  roads  which  can  be  traveled  at  high  speed 
with  comfort,  safety,  and  convenience.  This  kind  of  traffic  does 
not  require  extreme  strength  of  pavements,  as  the  vehicles  are  light 
in  weight,  but  it  does  require  a  fairly  good  surface  comparatively 
free  from  dust. 

2.  The  second  class  of  traffic,  namely,  light  trucks  up  to  2^-ton 
capacity  and  passenger  bus  lines,  desires  about  the  same  general 
service  as  the  light  passenger  cars  except  that  the  item  of  extreme 
comfort  is  not  so  important.  They  require  somewhat  stronger 
pavements  to  handle  their  loads  the  year  round,  but  this  require- 
ment is  not  at  all  excessive  and  can  be  easily  obtained  on  all  the 
roads  of  a  general-utility  System  without  too  much  cost.     Truck 
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traffic  of  this  nature  constitutes  approximately  10  %  of  the  total  road 
traffic  today  (1926)  and  represents  the  class  of  hauling  equipment 
preferred  by  the  individual  engaged  in  farming,  small-town  business, 
parcel  delivery,  and  general-utility  hauling.  Available  information 
indicates  that  for  the  usual  business  man,  farmer,  and  the  parcel 
delivery  of  even  large  corporations  the  light  %-  to  2^-ton  trucks 
with  pneumatic-tire  equipment  to  at  least  the  i-ton  size  and 
probably  to  the  2-ton  size  will  be  the  most  popular  type  for  hauling. 
This  is  due  to  reasonable  first  cost  for  the  truck,  moderate  upkeep, 
high  speed,  comfort,  and  general  utility. 

Passenger  cars,  these  light  trucks,  and  what  small  amount  of 
horse  traffic  still  remains  constitute  at  least  90  to  95%  of  the 
total  number  of  vehicles  using  the  roads;  if  the  needs  of  these  two 
classes  of  traffic  are  satisfied,  the  problem  of  giving  complete  service 
to  the  community  at  large  is  practically  solved.  We  can  probably 
afford  to  build  all  the  roads  to  satisfy  95  %  of  the  users  without  any 
restrictions  in  regard  to  load  or  reasonable  speeds  which  would  annoy 
the  individual  in  the  selection  of  his  car  or  truck.  This  can  be  done 
with  moderate-priced  general-utility  roads  (Table  2,  p.  6). 

3.  The  class  of  vehicle  that  gives  trouble  is  the  heavy  commercial 
truck,  which  aggregates  probably  not  over  5%  of  the  total  rural 
road  vehicles,  although  for  special  roads  they  may  run  as  high  as 
50%  of  the  total  volume.  They  require  extremely  strong  high- 
priced,  rigid  pavements.  The  use  of  such  trucks  for  moderately 
long  hauls  in  competition  with  rail  shipments  is  undoubtedly  of 
considerable  value  to  the  community  at  large.  How  much  it  is 
worth  and  how  much  consideration  should  be  given  to  this  type 
in  deciding  on  a  general  road  policy  is  open  to  argument.  It  is 
quite  generally  conceded  that  the  heavy  truck  seems  to  be  the 
logical  and  popular  means  of  intercity  transportation  of  certain 
commercial  products  for  moderately  long  hauls  in  competition 
with  rail  shipment,  say  100  miles;  but  by  reason  of  their  greater  cost 
per  mile  of  operation  they  are  not  suited  to  make  a  large  number  of 
indlividual  deliveries  in  successful  competition  with  the  small  truck. 
They  are,  however,  usefully  employed  for  certain  industries  on 
colective  routes,  running  on  certain  well-defined  hauling  arteries 
with  definite  stops  at  which  the  local  shipments  are  picked  up. 
For  collecting  milk,  for  instance,  certain  main-line  roads  through 
the  heart  of  the  producing  district  with  collection  stations  at  the 
crossroads  will  serve  the  purpose  satisfactorily  and  economically. 
It  is  probable  that  if  provision  is  made  for  strong  pavements  on  the 
main  natural  commercial  routes  which  aggregate  not  over  1  to  10% 
of  total  road  mileage  depending  on  the  general  character  of  the 
district,  the  community  will  derive  about  all  the  benefit  possible 
from  this  class  of  hauling. 

A  general-utility  system  of  highways  consisting  of  a  small  mileage 
of  heavy-truck  roads  and  a  large  mileage  suitable  for  passenger  cars 
and  light  trucks  seems  to  offer  the  most  return  on  an  investment  in 
highways,  as  it  in  effect,  gives  the  community  about  all  of  the  advan- 
tages that  it  can  derive  from  the  system  without  unjustifiably  large 
expenditure.  Such  a  system  can  be  properly  constructed  by  general 
taxation,  but  if  the  secondary  roads  are  increased  in  cost  for  the  bene- 
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fit  of  heavy  trucking,  this  added  cost  is  not  properly  a  general  com- 
munity charge  and  such  additional  cost  should  be  paid  by  a  traffic 
tax. 

5.  Traffic  Regulation. — If  the  unregulated  use  of  5-  to  7^-  or  10- 
ton  trucks  over  all  the  highways  is  permitted  at  all  seasons  of  the 
year,  a  slight  reduction  in  total  hauling  cost  might  result,  but  it 
would  increase  the  first  cost  and  maintenance  of  a  general  system 
out  of  all  proportion  to  the  added  benefit  in  reduced  hauling  cost. 
(For  the  effect  of  different  maximum  loads  on  construction  cost 
see  Chap.  VI,  p.  425.)  It  is  evident  that,  in  order  to  get  anywhere 
with  a  general  system  of  roads  within  a  reasonable  term  of  years, 
some  restriction  must  be  placed  on  heavy-truck  hauling.  These 
restrictions  should  not  be  made  any  more  severe  than  necessary, 
but  reasonable  restrictions  in  regard  to  load,  speed,  and  range  of 
travel  are  recognized  as  necessary.  Restrictions  on  load  and  speed 
have  already  been  accomplished,  but  restriction  on  range  of  travel 
has  not  yet  been  generally  accomplished. 

Present  restrictions  on  improved  roads  do  not  usually  permit 
over  a  28,000-lb.  gross  weight  (including  weight  of  truck)  and  a 
wheel  pressure  not  exceeding  800  lb.  per  inch  width  of  tire  (see 
Chap.  VI,  p.  370);  existing  statutes  tend  to  limit  the  speed  of  solid- 
tire  trucks  to  from  12  to  15  m.p.h.  It  is  probably  desirable  to  go  a 
step  further  and  limit  the  use  of  heavy  trucks  to  specified  hauling 
routes,  and  to  limit  the  use  of  even  the  5-ton  truck  to  special  hauling 
routes  except  in  the  dry  season  of  the  year.  Statutory  restrictions 
of  this  nature  have  been  adopted  in  some  of  the  states  and  a  tem- 
porary reduction  in  gross  loading  during  the  spring  is  quite  common 
procedure,  but  it  is  often  not  well  enforced. 

6.  Traffic  Volume.  General  Data. — Administrative  interest  in 
traffic  volume  is  largely  confined  to  the  decision  as  to  whether 
growth  in  volume  shall  be  handled  by  concentration  on  a  few  main 
roads  of  exceptional  width  and  strength,  or  by  distribution  over 
parallel  routes  of  lower  individual  carrying  capacity.  The  answer 
to  this  question  appears  to  be  that  distribution  of  traffic  is  usually 
the  proper  solution.  The  principle  of  traffic  distribution  seems 
sound,  for  if  a  specified  volume  of  traffic  is  distributed  by  the  use  of 
two  roads  of  moderate  width  and  cost  in  place  of  one  road  of  excep- 
tional width  and  exceptional  cost,  more  territory  is  reached  directly; 
congestion  and  danger  are  reduced  and  alternate  routes  are  provided 
during  repair  periods.  The  normal  growth  in  the  number  of 
improved  roads  tends  to  take  care  of  normal  traffic  growth.  That 
is,  at  the  present  stage  of  highway  improvements  it  is  not  likely 
that  it  is  justifiable  to  build  a  pavement  width  of  more  than  18  to 
20'  on  single  roads;  it  is  probably  better  to  parallel  the  road  for 
traffic  of  over  6000  daily  (10-hr.  count  in  summer)  rather  than 
increase  the  pavement  widths,  except  for  short  distances  near  large 
cities  where  an  unavoidable  concentration  of  traffic  occurs.1  3  lane 
pavements  (27'  width)  are  good  up  to  7000  to  9000  vehicles  (10  hours 
in  summer)  and  beyond  that  volume  4  lane  (36'  to  40')  are  desirable. 

1  Maximum  permissible  hourly  peak  load  for  2  lane  traffic  (20  ft.  pave- 
ments) without  dangerous  congestion  about  1500  vehicles  per  hour.  (Penn. 
observations  1926.)  Making  allowance  for  ratio  of  peak  hour  to  10  hour 
average  this  checks  the  text  10  hour  limits. 
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These  capacities  for  different  widths  assume  reasonable  driving 
comfort  for  average  mixed  traffic  and  are  based  on  Western  New 
York  experience  on  rural  highways.  15,000  to  20,000  vehicles  have 
passed  over  a  two  lane  highway  in  this  district  in  24  hours  but  it 
is  dangerous,  inconvenient  and  decidedly  unpopular. 

Traffic  volume  fluctuates  and  gradually  increases.  Before  a  road 
system  is  completed,  there  is  no  definite  information  on  which  to 
base  probable  future  traffic,  but  it  can  be  approximated  fairly 
closely  by  a  careful  study  of  the  district  in  comparison  with  other 
similar  districts  in  which  a  road  system  has  been  completed. 
Total  motor  vehicle  registration  gives  some  basis  for  estimating 
probable  volume  on  the  main  roads,  as  while  it  is  not  a  sure  index  of 
the  volume  of  rural  travel,  it  is  a  very  good  index  of  probable 
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Fig.  5. — Comparison  total  motor  vehicle  registration  and 
average    rural    road    traffic    volume.      (State    of    Massachusetts.) 

volume  (see  Fig.  5),  although  after  a  certain  number  of  motors  per 
capita  is  reached  the  volume  of  travel  on  rural  roads  is  not  greatly 
affected  except  on  holidays.  During  the  past  4  years  the  registra- 
tion in  New  York  State  shows  a  large  increase,  but  our  traffic  counts 
show  only  a  small  average  increase,  particularly  on  local  roads. 

Average  daily  traffic  volume  on  rural  roads  is  not  so  excessive 
as  commonly  believed  by  the  city  dweller,  who  bases  his  opinion  on 
holiday  volume,  nor  is  it  likely  to  continue  to  increase  as  rapidly  as 
much  of  the  automobile  propaganda  would  make  us  think.  The 
growth  of  motor  vehicle  traffic  on  rural  highways  has  been  rapid  in 
the  past  few  years,  but  it  cannot  be  expected  to  continue  at  the  same 
rate  much  longer,  for  a  reasonable  limit  of  the  number  of  cars 


3° 


ADMINISTRATIVE  AND  ECONOMIC  DATA 


Hourly  Fluctuation. — Hourly  maximum  150  to  450%  of  hour 
average  for  a  full  day  (24  hr.).     Average  300%. 
Ratio  of  Night  to  Day  Traffic  (summer  months). 

Night  traffic  (7  p.m.  to  7  a.m.)  ranges  from  20  to  60%  and  averages 
35%  of  day  traffic  (7  a.m.  to  7  p.m.). 
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Typical  weekly  fluctuation  from  yearly  average  (western  N.  Y.). 
Based  on  personal  records  of  W.   G.   Harger  supplemented  by 
traffic  counts  of   Connecticut,    Maryland,   and .  Pennsylvania   (see 
U.  S.  Bureau  of  Roads  Reports  for  more  complete  data). 

Diagram  B. — Traffic  fluctuation. 

Note. — Individual  roads  may  vary  considerably  from  these  curves  (agri- 
cultural roads  generally  carry  their  peak  loads  in  October,  etc.),  but  these 
data  provide  some  basis  for  coordinating  short-time  counts  with  yearly  totals. 
Considering  ratios  of  night  to  day  traffic  and  seasonal  variations,  the  author 
has  been  in  the  habit  of  using  the  following  rough  rules  for  deriving  total 
yearly  volumes  in  Western  New  York  from  12-hr.  daylight  counts  (7  a.m.  to 
7  p.m.)  on  Friday  and  Saturday  in  August. 

Summer-resort  roads 365  days  X  70%  of  12-hr.  count 

Main  intercity  roads 365  days  X  80  %  of  12-hr.  count 

Local  roads 365  days  X  90%  of  12-hr.  count 


Fig.  6. — Typical  traffic  fluctuation. 
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which  are  likely  to  be  operated  for  any  extended  mileage  on  rural 
highways  is  being  rapidly  approached;  normal  growth  can  be 
expected,  but  at  a  greatly  reduced  rate.  At  the  present  time  not 
over  2%  of  the  total  rural  road  mileage  of  New  York  State  carries 
an  average  of  over  1500  vehicles  per  day  (year-round  average), 
and  it  is  not  likely  that  it  is  necessary  to  figure  on  more  than  3  to  5% 
being  subjected  to  a  higher  volume  than  1500  daily  average  during 
this  generation. 

This  indicates  that  extreme  pavement  width  or  the  extensive  use 
of  very  high-grade  pavements  on  a  large  mileage  of  road  have  not 
much  foundation  in  economic  necessity.     The  effect  of  a  conclusion 
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Fig.   7. — Estimated  probable  average  increase  in  traffic  volume. 

Division  No.  4  Western  New  York. 


of  this  nature  is  discussed  in  more  detail  under   Classification 
(pp.  46  to  48). 

Detail  Data  on  Traffic  Volume. — Present  and  future  volume  of 
traffic  controls  engineering  design  of  widths,  strength,  alignment, 
and  grades  and  gives  the  basic  data  for  economic  tests  of  design. 
For  a  large  mileage  of  state  system  roads  quite  accurate  general 
average  laws  can  be  established  by  careful  traffic  census  counts 
taken  from  year  to  year,  which  are  sufficiently  reliable  for  broad 
conclusions.  Individual  roads,  however,  will  vary  greatly  from 
the  average  and  any  estimates  of  future  volume  for  detail  design 
purposes  must  depend  on  a  detailed  study  of  prevailing  and  prob- 
able future  volume,  depending  on  adjacent  territorial  development 


32         ADMINISTRATIVE  AND  ECONOMIC  DATA 

modified  by  the  expected  improvement  of  adjacent  roads.  If  this 
material  is  carefully  analyzed,  however,  even  individual  roads  can 
be  given  a  broad  general  classification  which  helps  materially  with  a 
rational  and  economic  design.  Examples  of  such  estimates  are 
given  on  page  33. 

The  reader  is  referred  to  the  U.  S.  Bureau  of  Public  Roads 
Bulletins  for  the  best  traffic  census  data  in  different  parts  of  the 
country.  In  case  these  data  cannot  be  easily  obtained,  the  follow- 
ing data  illustrate  typical  traffic  fluctuation  for  conditions  similar 
to  the  northeastern  states. 

Figure  6  illustrates  typical  traffic  fluctuation  (page  30.) 
Figure  7  gives  the  general  basis  for  estimating  future  traffic 
in  western  New  York,  and  the  details  of  its  application  to  specific 
roads  is  explained  as  follows: 

ESTIMATING  FUTURE  TRAFFIC  VOLUME  (FIG.  7)  FOR  ECONOMIC 

ANALYSIS 

(From  a  paper  prepared  by  W.  G.  Harger  for  the  Michigan  A.A.E., 
February,  1924) 

"The  kind  and  volume  of  future  traffic  are  the  fundamental  factors  of 
economic  analyses,  which  are  only  possible  where  maximum  loading  and 
speed  of  trucks  are  rigidly  controlled.  Traffic  volume  controls  the  selection 
of  reasonable  types  of  pavement  considering  first  cost,  maintenance  and 
renewal;  it  controls  rational  limits  of  expenditure  for  relocations  and  grade 
improvements  and  sets  the  value  of  the  improvement  from  the  standpoint 
of  reduction  in  vehicle  operating  costs. 

"For  the  original  construction  design  of  a  new  system  of  modern  highways, 
it  is  impossible  to  forecast  with  exactness  probable  future  traffic  volume,  but 
a  fair  approximation  can  be  derived  from  a  study  of  similar  districts,  where 
the  road  systems  have  been  completed.  As  previously  stated,  economic 
analyses  of  highway  design  become  of  increasing  practical  value  for  recon- 
struction programs  financed  by  direct  vehicle  taxation,  and  for  such  programs 
where  the  system  has  been  completed  and  traffic  routes  established  very 
close  estimates  of  present  traffic  can  be  obtained  by  means  of  careful  traffic 
counts  similar  to  the  Connecticut  Census  now  under  way,  under  the  direction 
of  the  U.  S.  Bureau  of-  Roads.  Future  traffic  is  largely  a  matter  of  judg- 
ment, but  there  is  every  reason  to  believe  that  we  have  enough  data  to  make 
reasonable  forecasts  for  the  purpose  of  arriving  at  rational  general  conclu- 
sions. In  making  such  forecasts  more  liberality  is  justified  in  connection 
with  economic  analyses  of  relocations  and  grade  reductions  than  for  pave- 
ment construction,  as  pavements  are  temporary  at  best.  That  is,  an 
allowance  for  50  years'  growth  is  perhaps  reasonable  in  connection  with 
relocations  grading  and  bridges  and  for  15  years'  growth  in  connection  with 
pavement  design.  The  percentage  of  increase  for  these  periods  will,  of  course, 
vary  for  each  road,  depending  largely  on  how  near  each  locality  has  reached 
the  saturation  point  of  ton  miles  or  car  miles  traveled  on  rural  highways,  and 
it  is  also  affected  by  additional  mileage  of  improved  roads  to  be  constructed 
during  these  periods  which  tend  to  reduce  congestion. 

"For  western  New  York  conditions  (one  motor  per  five  and  one-half  people 
in  1923)  the  author  has  been  in  the  habit  of  estimating  average  future  volume 
on  the  basis  of  170  %  of  present  traffic  (1923)  for  grading  estimates  and  150  % 
for  pavement  estimates  which  are  modified  for  each  road  by  the  probable 
effect  of  the  improvement  of  adjacent  highways  (see  Fig.  7  and  examples 
given  beyond).  These  percentages  will  be  reduced  from  year  to  year  as 
the  district  more  nearly  reaches  the  saturation  point.  The  comparatively 
small  difference  in  the  allowance  of  50-  and  15-year  periods  is  due  to  the 
fact  that  this  district  is  approaching  the  saturation  point,  for  present  popu- 
lation, except  on  the  main  roads  carrying  foreign  traffic  on  which  large  future 
increases  will  be  prevented  by  the  construction  of  parallel  routes.  Our  rural 
population  is  not  increasing  and  the  ratio  of  cars  per  capita  for  farm  popu- 
lation has  about  reached  the  saturation  point.  The  increase  in  population 
for  this  district  will  be  due  largely  to  the  increase  in  the  size  of  the  city  of 
Rochester.     After  1930  the  registration  curve  (Fig.  7)  should  not  show  much 
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increase  over  the  population  curve.  Up  to  1930  there  will  be  considerable 
increase  in  the  registration  curve,  but  our  traffic  counts  for  the  last  6  years 
show  that  the  volume  of  traffic  on  rural  highways  does  not  keep  pace  with 
registration  curve. 

Examples  of  Figuring  Future  Volume 

"The  relation  between  short-time  counts  and  average  yearly  volumes  is 
shown  in  Fig.  6,  based  on  the  Maryland  and  Connecticut  data.  This  gives 
an  approximate  basis  for  judgment  in  deriving  yearly  volumes  from  short- 
time  counts." 

Example  1.  Clover  Street  Road  294,  Monroe  County. — "1923  Census 
(12-hr.  count  in  August)  shows  550  vehicles  (average  mixed  traffic).  The 
year-round  average  daily  24-hr.  volume  is  probably  about  90  %  of  the  12-hr. 
count.  This  road  will  not  be  affected  by  additional  adjacent  improvements, 
as  the  system  is  complete,  so  an  average  daily  volume  of  500  X  170  %  = 
850  vehicles  for  grading  estimates  or  500  X  150  %  =  750  vehicles  for  pave- 
ment estimates  is  estimated.  This  estimate  places  this  road  under  Class 
II  traffic. 

Example  2.  Pittsford  Palmyra  Road  766,  Grade-crossing  Elimination  Near 
Pittsford  Village. — "The  1923  Census  shows  750  vehicles  daily,  average  for 
present  condition  of  the  system.  Within  3  years  the  Pittsford  Victor  Road 
will  be  completed,  which  will  divert  at  least  60  %  of  traffic  from  Road  493  to 
Road  766.  The  1923  Census  on  Road  493  shows  1900  daily.  No  other 
changes  in  the  system  are  liable  to  affect  traffic  on  Road  766.  Future  volume 
is,  therefore,  figured  in  two  parts. 

Estimate  for  Relocations 

Normal  growth 750  X  170  %  =    1275  daily 

Diversion  growth (60  %  of  1900)  X  170  %  =    1830  daily 


Estimated  future  total 3105  daily 

Say.     2500  to  3500  daily 

"This  estimate  places  this  improvement  on  Class  I  traffic  basis." 

Example  3.  Leroy  Caledonia  Road  5463,  State  Route  6,  Genesee  County. — 
The  1923  Census  shows  3400  average  daily.  Within  2  years  the  comple- 
tion of  the  Rochester-Batavia  Road,  via  Churchville,  will  divert  considerable 
traffic,  and  within  10  years  the  completion  of  the  Avon-Buffalo  Road  via 
Alexander,  will  cause  a  future  diversion  of  traffic. 

"If  there  were  no  future  diversions,  reconstruction  design  would  have  to 
be  considered  on  the  basis  of  3400  X  170  %  =  5800  vehicles  daily,  which 
would  require  a  27'  width  of  high-type  pavement.  Considering  the  diver- 
sions, the  future  traffic  will  probably  not  exceed  2500  to  3500  daily  average, 
which  can  be  amply  served  with  either  an  18  or  20'  width  of  rigid  pavement; 
that  is,  this  road  remains  Class  I,  but  it  is  not  likely  to  become  Class  I  plus. 

"These  examples  illustrate  the  value  of  future  estimates  for  general  con- 
clusions and  their  limitations  for  hair-splitting  analyses  of  pavement  design." 

The  effect  of  traffic  volume  on  widths,  pavement  types,  etc., 
is  taken  up  in  detail  under  Economic  Engineering  Design  (p.  55). 

7.  Traffic  Safety  and  Convenience. — Causes  of  accident  are 
shown  in  Tables  9,  10,  n,  and  12.  It  can  be  seen  that  at  least  50% 
of  accidents  are  caused  by  reckless  or  careless  driving  or  defects  in 
vehicle  equipment,  and  are  not  preventable  by  highway  safeguards, 
(text  continued  on  page  36.) 
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Table  9. — Causes  and  Location  of  Accidents 
1922  and  1923  accidents  in  Wisconsin  (State  Road  System) 


1922  and 
1923 


Per  cent 
of  total 


Total  number  of  accidents 

Number  of  people  involved 

Number  of  people  killed. ....... 

Number  of  people  seriously  injured 

Number  of  people  slightly  injured 

Accidents  occurring  on  straight  road 

Accidents  occurring  at  curves  and  corners .  .  . 

Accidents  occurring  at  railroad  crossings 

Accidents  occurring  at  crossroads 

Accidents  occurring  on  hills 

Accidents  occurring  at  miscellaneous  places .  . 

Accidents  due  to  reckless  driving. 

Accidents  due  to  improper  or  no  lights 

Accidents  due  to  broken  car  mechanism 

Accidents  due  to  intoxicated  drivers 

Accidents  due  to  weather  conditions 

Accidents  due  to  car  on  wrong  side  of  road .  . 
Accidents  due  to  narrow  bridges  and  culverts 
Accidents  due  to  miscellaneous  causes 


2,981 

10,258 

267 

794 

2,506 

2,044 

479 

179 

138 

34 

107 

1,628 

218 

151 

154 

167 

74 

S3 

536 


68.6 

16.0 

6.0 

4-7 

I  .2 

3-6 
54-9 

7 

5 

5 

5 

2 

I 
18 


Table  10. — Cause  Analysis,  State  of  Massachusetts 
(Fiscal  year  1923) 

Principal  Classes  Fatal 
of  Circumstances  at                                                          Automobile 

Time  of  Accident  Accidents 

Too  fast  for  conditions 218 

Inattention 122 

Child  darting  in  front  of  moving  vehicle 75 

Pedestrian  running  across  street 47 

Intoxicated  operator,  or  had  been  drinking1 46 

Pedestrian  from  front  or  behind  vehicle 33 

Wrong  side  of  road 37 

Confused  operator 32 

Defective  brakes 30 

Inexperience 31 

Too  close  to  other  vehicles .  24 

Obstructed  view 20 

1  In  these  46  liquor  cases,  62  persons  were  killed  and  53  injured. 
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Accidents  on  Indiana  State  Highways 
Collisions 
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Total  number  accidents  reported.  .  .  . 

Collision  with  other  machines 

Collision  with  railroad  trains  (steam) 

Collision  with  guard  rails 

Collision  with  bicycles 

Collision  with  culvert  head  walls 

Collision  with  telephone  poles 

Collision  with  wagons 

Collision  with  electric  cars 

Collision  with  fences 

Collision  with  animals 

Collision  with  bridges 

Collision  with  miscellaneous  objects. 


157 

49 

4 

5 

1 

7 
7 

2 

I 

8 

2 

5 

20 


654 

302 

19 

17 

I 

14 

33 

7 

11 

21 

5 

40 

22 


Causes  of  accidents 


Fast  driving 

Steep  grade 

Sharp  curve 

Lack  of  guard  rail. .  . 

Wet  surface 

Deep  ditch 

Intoxication 

Glaring  headlights . . 
Narrow  roadway. .  .  . 
Obstructed  view. 
Miscellaneous  causes 


99 

140 

181 

8 

14 

21 

41 

51 

33 

8 

26 

21 

3 

13 

16 

5 

15 

13 

23 

25 

40 

9 

17 

25 

29 

59 

41 

9 

29 

24 

25 

37 

14 

335 
28 
78 
22 
28 
27 

66 
54 
45 
47 
37 


Deaths  and  injuries  from  these  accidents  were  reported  as  follows: 


Accidents  reported 

Deaths 

Injuries 


157 

332 

370 

30 

38 

50 

133 

196 

255 

654 
103 
529 


Table  ii. — State  of  Connecticut,  Jan.  i-Aug.  15,  1924 


Cause 


Number 


Per  cent 
distribution 


Recklessness  of  motorist 

Carelessness  of  child  pedestrian. 
Carelessness  of  adult  pedestrian. 

Carelessness  of  contributor 

Equipment 

Miscellaneous 

Minor  accidents 


Total . 


5,929 
382 
777 

1,083 
537 
180 

1,376 

10,264 


57.8 
3-7 
7-6 

10.6 

5-2 

1.7 

13-4 

100. 0 
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Table  12. — Fatal-accident  Summaries  from  National  Auto- 
mobile Chamber  of  Commerce 

Totals  reported  for  seven  months,  1924 

Total  motor  fatalities  reported 1390 

Collisions  between  motor  vehicles 248 

Motor  vehicles  vs.  electric  railway 126 

Motor  vehicle  at  railroad  crossing 91 

Motor  vehicle  overturning 57 

Motor  vehicle  striking  stationary  object 44 

Causes  of  Fatalities 
A.  Where  fault  of  motorist  was  a  major  factor: 

Speeding 211 

Violating  rules  of  road 141 

Inattention 35 

Inexperience 51 

Confusion 36 

Intoxication 62 


Total 536 

B.  Where  physical  conditions  were  major  factors: 

Fog,  snow,  or  rain 86 

Skidding 73 

Defect  in  vehicle 64 

Too  strong  lights  on  vehicle 20 

Poor  street  lighting 8 

Defect  in  road 27 

Confusion  in  dimming 13 


Total . 291 

C.  Where  fault  of  pedestrian  was  a  major  factor: 

Adult  jaywalking1 375 

Children  coasting  in  street 24 

Pedestrians  confused 71 

Children  crossing  in  middle  or  playing  in  streets1 224 

Intoxication 13 

Physical  disability 20 

Children  stealing  rides 00 


Total 727 

1  The  National  Automobile  Chamber  of  Commerce  notes  that,  while 
these  cases  are  technically  the  fault  of  pedestrians,  yet  the  motorist  must  be 
ever  alert  to  unexpected  traffic  violations  of  those  on  foot.  Safety,  alertness, 
and  courtesy,  rather  than  insistence  on  right  of  way,  should  be  the  motorist's 
rule. 

Preventable  accidents  can  be  reduced  by  means  of  warning  of 
dangerous  physical  conditions  which  have  not  yet  been  made  safe 
and  by  means  of  safe  highway  construction,  considering  ample 
width,  easy  curves,  easy  grades,  non-skid  pavement  surfaces,  clear 
view,  railroad-crossing  protection,  night  illumination,  and  the 
segregation  of  pedestrian  and  motor  traffic. 
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The  amount  of  money  that  it  is  desirable  to  spend  on  safeguards 
is  largely  controlled  by  the  volume  of  traffic.  Extreme  danger 
should  be  avoided  on  any  improved  road,  but  on  the  lighter-traveled 
roads  considerable  must  be  left  to  the  care  of  the  driver.  On  such 
roads  about  all  that  is  justified  are  danger  signs  and  cheap  guard 
rails  that  warn  instead  of  actually  protecting,  and  on  many  moun- 
tain roads  even  cheap  guard  rail  is  out  of  the  question.  On  heavy- 
travel  special-service  roads,  all  possible  safeguards  should  be 
employed,  such  as  the  elimination  of  railroad  grade  crossings, 
substantial  strong  concrete  guard  rail  or  retaining  walls,  widening 
and  banking  of  pavement  on  curves,  pavement  center-line  traffic 
marking,  a  safe  "sight  distance"  ahead  at  all  times,  hard  well-kept 
shoulders,  shallow  ditches,  warning  and  guide  signs  for  the  direction 
of  travel,  sidewalks  for  pedestrians,  and  night  illumination.  Safety 
policy  is  summarized  as  follows:  On  light-traffic  roads  confine  safety 
provisions  to  warnings.  On  heavy-traffic  routes  spend  all  the 
money  that  is  necessary  to  make  the  road  as  nearly  foolproof  as 
possible. 

The  details  and  cost  of  these  safety  devices  are  discussed  under 
the  detail  design  data  for  the  various  items  involved. 

Speed  of  Traffic. — Permissible  and  desirable  speed  of  traffic 
is  considered  from  the  standpoints  of  safety,  driver's  preference, 
road-carrying  capacity,  and  time  of  travel  on  through  routes 
between  populous  termini.  Permissible  speed  is  a  matter  of 
dispute  between  even  the  best  authorities  in  highway  work, 
but  there  are  certain  well-established  fundamentals.  Safe 
speeds  depend  on  type,  weight,  and  condition  of  the  road 
vehicle,  expertness  of  vehicle  operator,  highway  alignment,  grade, 
pavement  width,  type  of  surface,  and  spacing  of  vehicles  (conges- 
tion), and  wall  vary  from  10  to  40  m.p.h.  From  the  standpoint  of 
safety  alone  it  is  well  established  that,  for  any  given  existing  high- 
way condition,  increased  speed  increases  danger.  At  points  where 
a  low  speed  is  required  for  safety,  highway  improvements  can 
generally  be  made  which  permit  reasonable  increase  in  speed  with 
practically  no  increase  in  danger,  but  such  improvements  are  often 
very  expensive  and  it  is  necessary  to  arrive  at  reasonable  limits  of 
speed  which  will  be  used  as  a  basis  for  design. 

It  is  self-evident  that  road  users  desire  high  speed  and  are 
exhilarated  by  "stepping  on  the  gas,"  but  it  is  also  evident  that  this 
tendency  is  the  cause  of  most  accidents;  that  long,  straight,  smooth, 
and  wide  highways  encourage  high  speeds,  which  are  productive  of  a 
large  number  of  accidents  under  what  appear  to  be  safe  driving 
conditions,  and  that  it  is  hardly  justifiable  to  spend  large  sums  of 
money  to  encourage  excessive  speed.  From  the  standpoint  of 
reasonable  safety  and  reasonable  desire  for  speed,  designs  which  are 
safe  for  25  m.p.h.  on  curves  in  rough  country  and  35  m.p.h.  for 
average  driving  conditions  in  ordinary  topography  should  serve, 
satisfactorily  for  main  roads  subject  to  mixed  traffic.  These  limits 
can  be  reduced  for  the  less  used  roads. 

Maximum  road-carrying  capacity  depends  on  speed  and  the 
necessary  spacing  between  vehicles  moving  at  different  rates  of 
speed.     From   the   standpoint   of   road-carrying   capacity   recent 
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studies  (1925)  have  shown  that  the  greatest  number  of  cars  can  be 
carried  past  a  set  point  when  the  average  speed  of  travel  is  about 
22  m.p.h.  and  that  the  tonnage  capacity  of  the  road  is  reduced  by 
either  increasing  or  decreasing  this  speed  limit.  The  accompanying 
table  shows  the  effect  of  speed  on  road  capacity.  Data  of  this  kind 
are,  of  course,  only  useful  for  police  regulation  of  congested  roads.1 


Speed  of  travel, 
m.p.h. 

Capacity  of  road  in  percentage 
of  maximum 

15 
20 

25 
30 

35 

40 

QO 
IOO 
IOO 

95 
90 

80 

From  the  standpoint  of  reduction  in  time  of  travel  between  cities, 
some  Engineers  now  advocate  designs  permitting  50-mile  speeds, 
but  such  speed  requires  so-called  super  highway  design,  which 
eliminates  grade  crossing  of  intersecting  roads,  requires  extremely 
high  standards  of  alignment  grade  and  pavement  width,  and  limits 
the  road  solely  to  the  use  of  high-powered  cars  making  the  through 
run.  There  are  very  few  conditions  where  such  special  highways 
are  necessary  or  economically  justified  at  the  present  time  (1926). 

The  following  quotation  from  James  E.  Kelly  discusses  safe  city 
and  rural  speeds: 

"I  believe  that  an  average  speed  of  more  than  15  m.p.h.  is  unsafe  where 
blocks  are  0.1  mile  or  shorter  and  intersections  obscure.  Where  blocks  are 
0.3  mile  or  more  long  this  can  be  increased  to  20  miles  with  safety  if  there  is 
very  little  parking.  Parked  cars  along  streets,  obscure  driveways,  and 
pedestrians,  particularly  children  playing  on  streets,  are  the  greatest  menace 
to  safety  and  hence  retard  traffic. 

"In  the  open  country  with  long  straight  stretches  of  highway,  well- 
banked  curves  of  long  radii  and  clear  view,  40  to  45  m.p.h.  is  safe  for  an 
experienced  driver  with  a  well-built  carefully  maintained  car.  A  speed 
greater  than  45  m.p.h.  generally  brings  grief  to  someone,  usually  the  driver." 

8.  Traffic  Range. — Available  data  indicate  that  probably  70  to 
95%  of  road  traffic  can  be  classed  as  local  service;  that  is,  it  has  its 
origin  and  finish  within  a  comparatively  short  distance,  say  30  to 
40  miles,  and  consists  of  hauling  garden  truck  to  cities  or  produce 
to  shipping  points,  ordinary  business  intercourse,  and  short  pleasure 
trips.  The  other  5  to  30%  may  be  classed  as  long-distance  traffic, 
consisting  of  pleasure  touring,  commercial  travelers'  cars,  and 
trucking  between  cities.  These  ratios  of  general  traffic  do  not,  of 
course,  apply  to  any  one  road  and  may  be  actually  reversed  on 
certain  special  touring  roads,  but  they  probably  apply  to  road  sys- 
tems as  a  whole  for  most  counties  and  states  and  indicate  the  general 
administrative  principle  that  local  traffic  is  entitled  to  first  considera- 
tion in  the  location  of  roads  and  their  design,  except  for  a  compara- 
tively small  mileage  of  special-service  highways. 

1  For  normal  capacity  two  lane  highways  see  page  28. 
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The  statistics  compiled  by  the  National  Automobile  Chamber  of 
Commerce  for  1920  show  that  30%  of  all  automobiles  and  trucks 
are  owned  by  farmers;  that  60%  of  all  motors  are  registered  from 
towns  of  5000  inhabitants  or  less  and  the  rural  districts.  This  is  a 
very  conservative  basis  for  deriving  the  minimum  volume  of  traffic 
originating  on  or  using  side  roads.  The  general  city  public  and 
even  engineers  are  inclined  to  think  too  much  of  the  main  roads  in 
connection  with  any  state  or  national  program  of  highway  improve- 
ment. This  is  natural,  as  the  main  roads  are  more  spectacular; 
they  probaby  carry  90%  of  the  traffic  during  some  part  of  the 
journey.  A  system  of  improved  main  roads  gives  quite  complete 
service  to  intercity  travel;  it  gives  quite  complete  service  to  tourist 
travel,  but  it  gives  only  partial  service  to  local  travel,  and  local 
traffic  is  a  very  large  proportion  of  the  total  travel  on  our  roads.  A 
large  percentage  of  traffic  either  originates  on  or  uses  a  side  road 
during  some  part  of  its  journey;  that  is,  the  main  roads  only  provide 
direct  contact  service  to  about  10  to  20%  of  the  producing  area  of 
the  district,  and  this  element  of  direct  contact  is  a  fundamental 
service  of  roads.  It  is,  therefore,  extremely  poor  policy  to  over- 
emphasize the  importance  of  the  main  roads  to  the  extent  of  dis- 
regarding a  reasonable  treatment  of  the  secondary  roads.  Main 
roads  are  entitled  to  first  consideration  and  better  construction 
than  the  local  roads,  but  they  are  not  entitled  to  needlessly  expen- 
sive construction  which  tends  to  delay  too  long  a  reasonable  treat- 
ment of  the  system  as  a  whole.  The  general  character  of  the  system 
must  progress  as  rapidly  as  possible  up  to  the  standard  of  general 
utility;  beyond  that  standard  there  is  no  harm  in  concentrating 
exceptional  expenditures  on  special  roads.  The  difference  in 
volume  of  traffic  on  the  local  and  main  roads  calls  for  a  wide 
variation  in  suitable  pavement  design.  The  administrative  prob- 
lem considers  the  general  suitability  of  pavement  types  under 
different  classes  and  volume  of  traffic. 


Trip  Mileage  of  Passenger  Cars  Used  for  Business  and 
Non-business  Purposes1 


Trip  mileage 


All 

passenger 

cars,    % 


Business 
cars, 

% 


Non-busi- 
ness cars, 

% 


0-19 

20-39 

40-59 

60-79 

80-99 

100-149 

150-199 

200-299 

300-399 

400-499 

500  and  over 

Total 


55-7 
16.3 
9.2 
50 
3.6 
4-3 
1.7 
2.7 
0.5 
0  .2 
0.8 


100. o 


65.3 

14.4 

8.2 

3-9 

1.7 
3 

.  2 
■  5 
.2 
.  1 
.2 


48.0 
17.9 
10 

5 
5 
5 
2 
3 
0 
0 


I  .0 


1  Connecticut  Traffic  Census,  Public  Roads,  August,  1926. 


4Q 


ADMINISTRATIVE  AND  ECONOMIC  DATA 


Percentages  of  All  Passenger  Cars  Used  for  Business  axe 
Non-business  Purposes,  Classified  According  to  Trip 

Mileage 


Trip  mileage 


Business 

Xon-busi- 

cars, 

ness  cars, 

/o 

% 

52.2 

47-8 

39-3 

60.7 

39-4 

60.6 

34-8 

65.2 

21  .6 

78.4 

34-5 

65.5 

30.9 

69.1 

24.6 

75-4 

17.6 

82.4 

17  .2 

82.8 

12  .6 

87.4 

0-19 

20-39 

40-59 

60-79 

80-99 

100-149 

150-199 

200-299 

300-399 

400-499 

500  and  over 
Total 


44-5 


Distribution  of  Net  Tonnage  of  Commodities  Transported 
by  Motor  Truck  over  the  Connecticut  State  High- 
way System  by  Length  of  Haul 


Length  of  haul,  miles 

Proportion 

of  total  net 
tonnage,    % 

Length  of  haul,  miles 

Proportion 
of  total  net 
tonnage,    % 

0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

36.3 
19.2 
11. 6 
9.1 
4.0 
4.6 
2  .2 

70-79 

|  80-89 

90-99 

100  and  over 

2.6 
0.8 
1 .0 
8.6 

Total 

100. 0 

9.  General  Suitability  of  Types. — It  is  not  necessary  to  go  into 
the  details  of  the  minor  advantages  of  various  standard  pavements; 
these  will  be  discussed  under  the  general  principles  of  Engineering 
Selection  (p.  58).  Administrative  action,  however,  properly  con- 
siders the  fundamental  desirability  of  general  types,  their  relative 
cost  (both  initial  and  final),  and  their  natural  rate  of  depreciation 
as  far  as  they  affect  methods  of  taxation,  terms  of  bond  issues,  and 
maximum  tax  rates. 

Two  general  classes  of  pavement  are  considered  suitable  for 
modern  highways:  rigid  and  flexible.  The  distinctive  feature  of 
the  rigid  type  is  a  non-elastic  concrete  base  which  distributes  the 
concentrated  traffic  wheel  loads  over  a  safe  area  of  the  natural 
subsoil  by  slab  action.  All  sorts  of  surfacing  are  used  (sheet 
asphalt,  brick,  stone  block,  asphalt  block,  or  exceptionally  strong 
concrete).  The  distinctive  feature  of  the  flexible  type  is  a  base 
course  constructed  of  some  form  of  macadam,  gravel,  field  stone,  or 
Telford,  distributing  the  wheel  loads  over  a  safe  area  of  the  natural 
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subsoil  by  means  of  the  depth  of  the  course  and  the  mechanical 
interlocking  or  friction  of  the  integral  fragments  of  the  material. 
This  type  has  all  sorts  of  surfacings,  the  most  common  surface  being 
some  form  of  modern  macadam,  but  under  certain  conditions  it  is 
proper  to  use  sheet  asphalt  or  similar  surfacings  and  almost  any 
type  of  block,  provided  the  joint  filler  is  flexible  to  permit  slight 
settlement  without  rupture.  Rigid  pavements  are  desirable  for 
heavy  traffic.  The  flexible  pavements  are  desirable  for  moderate 
and  light  traffic. 

The. advantages  and  disadvantages  are  as  follows:  Rigid  pave- 
ments are  destroyed  by  the  action  of  the  elements  as  well  as  by 
traffic.  They  crack  due  to  the  settlement  of  new  fills  or  frost  heave, 
they  shatter  due  to  changes  in  temperature;  they  disintegrate  due 
to  vibratory  fatigue  and  frost  action.  They  are  comparatively 
difficult  to  repair  and  prohibitive  in  cost  except  for  rich  communities. 
They,  however,  handle  heavy  auto  trucking  more  satisfactorily 
than  macadam  construction.  They  need  comparatively  little 
surface  maintenance  for  the  first  few  years,  and  for  this  reason 
traffic  is  inconvenienced  less  than  on  macadams;  they  last  a  longer 
period  without  reconstruction  than  macadam  pavements,  and 
traffic  is  therefore  interrupted  less;  they  bridge  over  small  areas  of 
weakness  in  the  subgrade,  such  as  culvert  backfills,  etc.,  better 
than  macadams.  There  is  no  question  but  that  they  are  desirable 
on  roads  carrying  a  large  amount  of  heavy-truck  traffic. 

For  moderate  traffic  requirements,  however,  the  flexible  type  of 
pavement  is  probably  more  suitable.  It  complies  better  with  the 
usual  conditions.  It  generally  costs  less  to  construct ;  is  not  seriously 
damaged  by  settlement  of  new  grading  or  frost  heave;  can  be 
easily  and  cheaply  repaired;  can  be  strengthened  gradually  by  the 
addition  of  stone  to  meet  practically  any  loading;  and  when  a  solid 
foundation  has  been  accomplished  can  be  recapped  with  a  higher- 
grade  surface, which  rids  it  of  the  continuous-maintenance  draw  back. 

It  is  well  to  bear  in  mind  that  the  quality  of  rigidity  is  not 
inherently  desirable,  considering  the  fact  that  the  earth  foundation 
is  always  susceptible  to  heave  and  settlement  and  that  this  will 
occur  to  some  extent  no  matter  what  precautions  are  taken.  Rigid 
design  should  be  resorted  to  only  when  the  desired  result  can  be 
accomplished  more  cheaply  by  this  means  than  by  the  flexible  form 
of  construction;  this  occurs  under  exceptionally  heavy-unit  traffic. 
The  fact  that  rigid  pavements,  in  general,  include  a  higher  type  of 
surfacing  than  macadam  constructions  leaves  the  impression  in 
the  popular  mind  that  such  a  surface  is  a  result  of  rigidity,  while, 
as  a  matter  of  fact,  there  is  sufficient  data  to  state  with  reasonable 
assurance  that,  unless  the  pavement  is  subjected  to  an  unusually 
large  volume  of  heavy-unit  motor  trucks,  a  first-class  macadam, 
field  stone,  or  Telford  base  is  often  superior  to  concrete  base  for 
asphalt  or  small  block  surfacings  on  account  of  the  reduction  in 
frequency  of  temperature  cracks. 

The  present  rather  extreme  tendency  favoring  rigid  construction 
under  moderate  traffic  is  based  largely  on  the  record  of  failures  of 
(text  continued  on  page  46.) 
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old,  thin,  inadequately  designed  and  maintained  macadam  roads. 
Very  few  of  the  more  recent,  carefully  designed  macadams  have 
been  unsatisfactory  under  a  traffic  of  less  than  2000  vehicles  daily. 
A  small  percentage  of  all  types  of  pavement  fails  either  on  account 
of  poor  design,  poor  construction,  or  poor  maintenance,  but  there 
is  no  such  thing  as  type  failure  if  moderately  good  judgment  is  used 
in  the  design  and  maintenance.  Road  failures  are  personal  human 
failures. 

Considering  that  road  improvements  are  generally  handicapped 
by  a  shortage  of  funds,  that,  of  necessity,  they  must  advance  by 
successive  stages,  that  the  flexible  types  are  usually  the  cheapest  in 
first  cost,  that  they  are  also  economical  in  the  long  run  for  a  moder- 
ate volume  of  traffic,  and  that  the  surface  maintenance  problem 
can  be  minimized  by  using  various  types  of  surface,  it  is  generally 
good  policy  to  give  these  types  the  preference  for  the  first  stages  oi 
improvement  programs;  even  for  the  final  stages  they  are  the  best 
investment  for  the  community  for  probably  90  to  95%  of  the  tota] 
road  mileage  in  most  districts. 

To  illustrate  this  more  definitely,  the  following  extract  is  quoted 
from  the  report  on  the  Monroe  County  system  (New  York  State) 

"We  advocate  the  original  construction  of  crossroads  of  thick  moderr 
water-bound  macadam  utilizing  local  materials  as  much  as  possible  anc 
maintained  by  surface  oiling. 

"We  advocate  the  original  construction  of  our  secondary  radial  roads,  o 
penetration,  bituminous  macadam,  utilizing  local  materials  to  their  fulles" 
reasonable  extent  and  maintained  by  surface  oiling. 

"We  advocate  the  construction  of  our  main  trunk-line  heavy-hauling 
roads  of  rigid  pavements,  using  the  best  materials  that  can  be  obtained,  bu' 
varying  the  type  to  secure,  in  each  case,  the  cheapest  first-cost  pavement 
always  considering  the  possible  use  of  local  materials  proper  for  the  type  o 
road  in  question.  For  these  roads  we  have  no  choice  between  cement  con 
crete,  brick,  sheet  asphalt,  asphalt  block,  or  stone  block  on  concrete  bases 

"We  advocate  the  gradual  resurfacing  of  the  heavier-traffic  macadam  road; 
with  Topeka  mix,  small  brick  cubes,  etc.  We  have  successfully  utilized  this 
method  in  reducing  high  surface-maintenance  costs  where  the  macadan 
foundation  was  solid  enough  for  the  traffic,  and  have  adopted  this  methoc 
for  a  number  of  our  roads.  We  have  examples  which  have  stood  a  10-years 
test  successfully. 

"We  believe  that  the  community  has  been  better  served  by  constructing 
10  miles  of  macadam  in  place  of  a  possible  6  miles  of  rigid  pavement. 

"We  believe  that  the  county  has  been  better  served  in  the  past  and  wil 
be  best  served  in  the  future  by  variable  road  designs  using  for  the  majority 
of  the  mileage  modern  macadam  for  the  original  construction,  later  modified, 
if  necessary,  for  a  very  limited  mileage  by  recapping  with  a  lower-mainte- 
nance-cost surface.  We  advocate  rigid  pavements  eventually  for  approxi- 
mately 10%  of  the  total  mileage  of  our  roads  and  for  approximately  35^ 
of  our  state  system." 


: 


it 
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10.  Classification  of  Roads. — In  order  to  strengthen  the  general 
discussion,  it  is,  perhaps,  just  as  well  to  indicate  a  little  more  defi- 
nitely at  this  point  the  initial  and  final  cost  of  roads  under  different 
classes  of  traffic  and  what  types  of  pavement  appear  to  be  best 
suited  for  different  volumes  of  travel. 

Four  general  classes  of  highway  can  be  considered: 

Class  I  Roads. — These  roads  are  usually  located  along  natural 

transportation  routes  between  large  cities  located  at  intervals  of 

less  than  100  miles.     They  may  also  occur  as  main  radial  roads  out 

of  cities  of,  say,  50,000  population  and  upwards  for  distances  of 
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5  to  40  miles  or  as  special  industrial  roads  or  village  streets  carrying 
the  concentrated  traffic  of  a  large  area.  These  roads  generally 
constitute  from  o  to  10%  of  the  total  road  mileage  of  the  district. 
They  usually  carry  2000  or  more  vehicles  per  day  (10-hr.  count  in 
summer).  They  should  have  pavements  designed  to  support  the 
traffic  of  the  heaviest  commercial  trucks  permitted  by  law  and 
hould  have  a  pavement  width  of  at  least  18  and  preferably  20'. 

The  types  most  suitable  and  economical  in  the  long  run,  from  the 
tandpoint  of  even  general  utility,  are  any  standard  brick  or 
Dituminous  concrete  surface  on  cement  concrete  bases,  or  reinforced 
;ement  concrete  pavements.  Such  roads  cost  today  (1926)  for 
:he  original  construction,  including  grading,  drainage,  pavements, 
md  incidentals,  from  $40,000  to  $70,000  per  mile.  The  yearly 
burden  to  the  community,  considering  interest  on  first-cost  invest- 
ment plus  yearly  maintenance  plus  the  yearly  allowance  for  renew- 
ng  pavement  when  worn  out,  amounts  to  7  to  10%  of  the  first  cost 
)f  the  road.1  It  seems  reasonable  for  the  community  at  large  to 
issume  the  burden  of  original  construction  plus  interest  on  first 
:ost,  and  for  vehicles  to  assume  the  burden  of  yearly  maintenance 
ind  the  renewal  of  worn-out  pavement.  The  actual  yearly  main- 
enance  and  renewal  charge  for  these  roads  are  at  first  small  and 
gradually  increase,  eventually  reaching  3  to  5%  of  the  first  cost  of 
:he  improvement  and  from  there  on  stay  practically  constant. 
This  is  due  to  the  fact  that  new  pavements  require  a  comparatively 
small  yearly  maintenance,  which  gradually  increases  until  their 
enewal  is  necessary.  The  cost  of  renewal  is  high,  and  when  any 
;ystem  of  highways  becomes  old  enough  (15  to  25  years  for  this 
:lass  of  road),  there  will  be  a  constant  yearly  renewal  charge  plus 
i  constant  yearly  maintenance  charge,  which  may  easily  amount 
o  $2000  to  $2500  per  mile  per  year  average  (1926  scale  of  costs) 
or  this  class  of  road. 

Class  II  Roads. — These  roads  are  usually  main  automobile 
outes  at  greater  distances  from  the  cities  than  are  Class  I  roads. 
They  have  a  large  touring-car  traffic,  medium-heavy  farm  traffic, 
md  some  heavy  trucking.  A  Class  II  road  generally  carries  from 
too  to  2000  vehicles  per  day  (10-hr.  count  in  summer).  They  con- 
stitute approximately  o  to  20%  of  the  total  road  mileage,  depending 
>n  the  general  character  of  the  district.  They  should  be  designed 
:o  handle  such  traffic,  and  require  a  pavement  width  of  15  to  18' 
supplemented  by  stone  or  gravel  shoulders. 

The  type  of  pavement  generally  most  economical  for  these  roads, 
:onsidering  final  cost  and  immediate  traffic  service,  is  thick  modern 
jituminous  macadam,  or  if  the  volume  of  traffic  is  close  to  the  2000 
imit,  it  is  possible  that  reinforced  cement  concrete  may  be  desirable 
mder  advantageous  conditions  of  material  supply. 

Such  roads  cost  today  (1926)  from  $25,000  to  $40,000  per  mile  to 
onstruct  and  the  total  yearly  burden  amounts  to  about  one-tenth 
)f  the  original  cost  of  construction. 

The  yearly  maintenance  and  renewal  charge  for  such  roads  will 
eventually  (in  10  to  15  years)  ameunt  to  approximately  $1500  to 

1  See  Chap.  VII. 
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$2000  per  mile  (1926  scale  of  costs).     For  this  class  of  roads  this  i 
properly  a  direct  traffic  charge. 

Class  III  Roads. — These  roads  are  usually  secondary  feeder  o 
crossroads  in  well-settled  districts  or  main  roads  in  sparsely  settlec 
districts.  They  generally  carry  300  to  800  vehicles  daily  (10-hi 
count  in  summer).  They  constitute  5  to  30%  of  the  total  mileage 
They  may  well  be  designed  to  handle  at  least  a  23^-ton  truck  fo 
all-the-year  service  and  permit  the  use  of  5-ton  trucks  in  the  dr 
season.  They  require  a  pavement  width  of  12  to  i6\  The  type 
of  pavement  generally  most  suitable  for  general  utility  are  thick 
modern,  water-bound  macadam  with  a  surface  application  of  of 
gravel  oiled,  or,  if  the  travel  approximates  the  800  limit,  th 
bituminous-macadam  type  can  be  considered. 

These  roads  cost  from  $10,000  to  $25,000  per  mile  to  construe 
and  the  total  yearly  burden  approximates  one-tenth  of  the  origina 
cost.  The  yearly  maintenance  and  renewal  charge  may  amoun 
eventually  in  8  to  15  years  to  approximately  $1000  to  $1500  pe 
mile  per  year  (1926  scale  of  costs).  For  this  class  of  road  it  i 
proper  to  charge  this  directly  to  traffic. 

Class  IV  Roads. — These  roads  constitute  the  purely  local  servic 
roads  carrying  a  volume  of  traffic  of  less  than  300  vehicles  daih 
They  constitute  70  to  95%  of  the  total  road  mileage.  They  ma 
well  be  designed  for  the  all-year-round  use  of  2^-ton  trucks.  The 
do  not  require  much  refinement  in  grading  design  or  in  the  width  c 
hard  surface.     A  width  of  8  to  12'  is  sufficient. 

The  most  suitable  type  is  gravel  or  water-bound  macadan 
Earth  or  sand  clay  can  be  used  as  a  temporary  makeshift,  but  i 
northern  climates  they  can  only  be  considered  as  temporary  exped: 
ents,  as  any  type  of  surface  not  usable  the  year  round  for  at  leas 
23^-ton  trucks  is  not  a  general-utility  road. 

Class  IV  roads  cost  $2500  to  $10,000  per  mile  (1920)  and  th 
total  yearly  burden  is  about  one-tenth  of  the  original  cost  of  con 
struction.  For  this  class  of  road  it  is  probable  that  the  communit 
at  large  should  assume  the  entire  burden  of  construction,  interest 
maintenance,  and  renewal,  which  means  eventually  for  the  item 
of  maintenance  and  renewal  alone  about  $300  per  mile  per  yea 
(1926  scale  of  costs);  this  figure  is  reached  gradually  and  becomes ; 
fairly  stable  burden  in  5  to  10  years  after  the  roads  are  constructed 

11.  Importance  of  Maintenance. — Effective  maintenance  is  th 
best  possible  road  investment  the  community  can  make.  I 
increases  the  life  and  lowers  the  final  cost  of  the  improved  roads 
It  decreases  the  cost  of  traffic  operation  and  inc  eases  the  comfor 
of  travel.  It  speeds  up  the  general  effectiveness  of  a  road  systen 
that  is  being  gradually  improved  by  construction  or  reconstruction 
This  last  is  the  keynote  policy  for  the  poorer  districts  and  is  of  vita 
importance  to  a  large  part  of  the  country  at  present.  For  the  poore 
districts  traffic  service  can  be  bettered  at  once,  first,  by  systemati< 
maintenance  of  all  the  existing  roads;  this  does  not  solve  the  prob 
lem  by  any  means,  but  it  keeps  it  from  getting  worse;  second,  b} 
the  immediate  construction  of  a  large  mileage  of  gravel  or  simila: 
constructions  on  secondary  roads  suitable  for  moderate  loads  (uj 
to  2^-ton  truck  and  eliminating  the  large  truck  for  year-round  use. 
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and  giving  these  roads  systematic  maintenance.  This  solves  the 
problem  up  to  the  standards  of  general-utility  traffic  for  agricultural 
districts.  It  does  not  solve  the  heavy-traffic  problem,  but  it  helps 
and  is  better  than  waiting  indefinitely  for  the  completion  of  a  sys- 
tem of  boulevards.  Third,  the  construction  of  thick  modern 
macadam  systematically  maintained  for  the  main  roads  and  strong, 
expensive,  rigid  pavements  systematically  maintained  for  the 
main  commercial  hauling  routes  aggregating  a  comparatively 
small  percentage  of  the  total  mileage.  These  roads  meet  heavy- 
travel  requirements. 

Fairly  good  immediate  service  for  traffic  is  possible  only  with 
effective  maintenance.  It  is  both  physically  and  financially  impos- 
sible to  solve  the  problem  of  improvement  of  traffic  conditions  over 
a  large  mileage  solely  by  immediate  reconstruction  of  the  roads. 
Maintenance  is  not  entirely  eliminated  no  matter  what  type  of 
road  is  built.  Fairly  efficient  maintenance  has  been  accomplished 
in  many  cases  and  is  poor  in  others,  but  the  fact  that  it  can  be 
achieved,  provided  enough  attention  is  concentrated  on  it,  means 
that  it  is  possible  to  get  somewhere  with  a  serviceable  road  program 
in  a  reasonable  time. 

To  illustrate  the  result  of  a  lack  of  a  temporary  service  program, 
New  York  State  may  be  cited.  This  state  has  been  improving  its 
main  roads  by  state  and  county  aid  for  20  to  25  years;  the  system 
is  still  incomplete  in  many  cases.  New  York's  construction  pro- 
gram has  been  excellent;  its  maintenance  of  the  roads  after  improve- 
ment has  been  fairly  good  for  some  years  past,  but  very  little  has 
been  done  to  better  the  condition  of  the  existing  roads  at  gaps  in 
the  improvement;  that  is,  for  the  past  10  or  15  years,  short  gaps 
and  detours  in  stretches  of  modern  roads  have  caused  needless 
inconvenience  to  the  traveling  public.  Under  the  New  York  road 
program,  the  state  does  not  assume  the  direct  responsibility  for  the 
condition  of  the  roads  on  the  proposed  system  until  they  have  been 
improved  by  state  construction.  As  soon  as  a  road  is  adopted  as 
part  of  the  system,  the  town  in  which  it  is  located  loses  all  interest  in 
it  and  does  nothing  to  keep  it  in  condition,  although  it  is  supposed 
to  keep  it  in  shape  until  it  is  improved  by  the  state.  These  gaps 
do  not  require  large  expenditures,  but  the  conditions  can  at  present 
be  very  materially  bettered  by  comparatively  small  expenditures 
on  temporary  repair  and  maintenance.  All  travelers  curse  these 
gaps  and  are  more  than  willing  to  have  their  license  fee  raised 
slightly  to  eliminate  temporarily  the  worst  features  of  such  roads. 
It  is  probable  that  an  extra  charge  between  $1  and  $2  per  vehicle 
license  per  year  applied  to  such  work  under  direct  state  supervision 
would  result  in  a  tremendous  improvement  of  the  few  gaps  remain- 
ing in  this  particular  state  (192 1). 

12.  Departmental  Organization. — The  success  of  a  highway  pro- 
gram really  depends  more  on  the  individual  character  and  pro- 
fessional ability  of  the  men  making  up  the  organization  than  on  any 
other  feature;  if  the  men  are  high  grade,  nothing  radically  wrong  is 
likely  to  develop,  and  the  designs  are  usually  economical.  If  the 
men  are  inexperienced  or  second  rate,  no  system  of  standardization 
or  rigid  red-tape  procedure  will  prevent  wasteful  design  and  poor 
construction  work.     It  is  difficult  to  retain  high-grade  men  in  the 
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public  service,  as  usually  the  salaries  are  niggardly  and  the  advance- 
ment slow  and  often  not  based  on  personal  ability.  One  of  the 
foremost  state  highway  engineers  resigned  in  1920  from  his  position 
on  the  ground  that  it  was  impossible  to  develop  an  organization 
which  could  expend  the  state  highway  appropriations  in  a  really 
efficient  manner;  that  the  trouble  lay  in  low  pay  and  the  difficulty 
of  advancing  the  best  men;  that,  while  they  had  succeeded  in 
employing  and  training  some  very  excellent  talent,  it  was  impossible 
to  hold  a  reasonable  proportion  of  the  men  and  that  the  turnover 
was  high. 

This  action  expressed  in  a  very  effective  way  the  quite  universal 
handicap  of  a  highway  executive.  Under  the  existing  conditions, 
the  solution  most  often  adopted  lies  in  retaining  a  few  high-grade 
men  as  active  subordinate  assistants  to  politically  appointed  heads 
and  rigidly  standardizing  detail  procedure,  utilizing  quite  low-pay 
men  for  the  actual  design  and  construction  end  of  the  program. 
Such  a  system  produces  a  moderately  good  type  of  highway,  as 
may  be  seen  by  observing  the  results  to  date,  but  any  engineer 
actually  acquainted  with  the  working  of  this  system  will  say  that 
the  cost  of  construction  is  needlessly  high  in  most  cases  and  that 
the  community  pays  a  tremendous  amount  of  money  every  year 
because  it  has  not  sense  enough  to  adopt  a  more  liberal  policy 
of  salary  and  reward.  High-grade  engineering  pays  for  itself  in 
actual  construction  money  saving  10  times  over  the  additional 
salary  cost,  but  this  fact  is  not  generally  recognized  by  the  public 
and,  while  road  officials  understand  it,  they  either  rind  it  difficult 
to  override  public  sentiment  or  actually  prefer  mediocre  talent  on 
account  of  the  greater  freedom  which  they  have  to  carry  out  their 
own  pet  schemes.  Until  the  entire  organization  from  inspectors 
up  to  the  chief  is  raised  to  a  good  standard  of  individual  ability, 
waste  is  bound  to  occur. 

Executives  have  said  that  they  knew  moderate-priced  roads  well 
designed,  constructed,  and  maintained  would  serve  satisfactorily, 
but  that  such  results  were  hard  to  obtain  under  existing  organiza- 
tion conditions  and  that  in  self-defense  they  considered  it  good 
policy  to  design  a  rigidly  standardized  $40,000  a  mile  highway  even 
on  comparatively  unimportant  Class  III  roads  to  get  $20,000  worth 
of  service.  This  expresses  in  an  extreme  way  the  continual  waste 
that  is  more  or  less  the  result  of  niggardly  public  service 
employment  policy. 

Nothing  takes  the  place  of  the  individual  judgment  of  the  rank- 
and-file  men  of  the  organization.  What  most  organizations  need 
are  high-grade  detail  designers  and  constructors  who  are  encouraged 
to  use  their  experience  and  judgment  and  who  are  not  tied  down 
too  much  by  rigid  standardization  or  their  work  crippled  by 
demands  for  plans  at  such  short  notice  that  reasonable  care  and 
study  cannot  be  given  to  each  road.  This  statement  must  not  be 
construed  as  an  argument  for  unrelated  work  by  a  crowd  of  individ- 
ualists, but  departmental  heads  may  well  rid  themselves  of  the 
idea  that  all  wisdom  originates  at  the  official  top  and  that  stand- 
ardization will  take  the  place  of  brains. 

Even  with  enough  good  men  in  the  force  it  is  necessary  to  have  a 
definite  organization  plan  which  defines  the  duties  and  responsi- 
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bility  of  each  man.  Too  often  the  organizations  are  based  on 
overlapping  duties,  indefinite  responsibility,  and  conflicting  author- 
ity, and  it  may  be  regretfully  said  that  this  is  often  purposely  done 
to  make  it  easier  to  "pass  the  buck."  (See  p.  1271  for  definite 
statement  of  duties  and  responsibility  of  the  construction  engineering 
force.) 

13.  Contract  Relations. — Assuming  that  the  road  is  well  de- 
signed, it  is  necessary  to  get  it  well  built.  Sound  business  relations 
between  contractors  and  the  directing  engineering  organizations  is 
manifestly  the  only  possible  means  of  getting  good  work  at  a  reason- 
able cost.  Any  element  of  unnecessary  risk  or  uncertainty  which 
the  contractor  must  assume  raises  the  bid  price  of  the  work.  Any 
doubt  as  to  whether  the  work  will  be  let  provided  a  reasonable  bid 
is  secured  tends  to  keep  away  responsible  contractors.  Prompt 
decision  and  uniform  treatment  are  essential.  Reasonable  profits 
are  necessary  to  insure  good  work,  for  the  community  usually  gets 
just  what  it  pays  for. 

The  author  has  heard  public  officials  say  that  they  figured  to 
catch  a  sucker  at  every  letting.  They  often  did,  but  the  result  was 
that  they  either  got  a  rotten  job  or  had  the  difficulty  of  finishing  the 
work  themselves  with  all  the  usual  complications.  Fortunately, 
this  attitude  has  few  supporters  to  day  and  it  may  be  stated  as  a 
general  principle  that  uncertainty  must  be  eliminated  as  far  as 
possible,  reasonable  prices  must  be  paid,  and  the  size  of  contracts 
should  be  varied  in  order  to  interest  organizations  that  can  best 
handle  the  road  in  question. 

The  uniform  use  of  long-mileage  contracts  is  no  more  desirable 
than  the  use  of  short  contracts.  Large  organizations  have  a  high 
overhead  and  equipment  charge  and  there  are  generally  not  enough 
of  them  to  insure  lively  competition.  They  can  afford  to  provide 
labor-saving  machinery,  which  is  a  distinct  advantage  during  times 
of  labor  shortage.  The  award  of  long  contracts  to  large  organi- 
zations is  probably  desirable  for  high-priced  rigid  pavements, 
particularly  in  sparsely  settled  communities. 

Short  contracts  tend  to  encourage  competition.  They  can 
generally  be  finished  in  one  working  season,  which  eliminates  con- 
siderable uncertainty  in  the  labor  situation  and  the  cost  of  materials. 
They  can  generally  be  handled  with  local  labor,  particularly  in  the 
well-settled  districts.  They  cause  less  inconvenience  to  the  travel- 
ing public  during  construction.  They  are  probably  desirable  for 
the  construction  of  roads  in  well-settled  districts,  particularly 
where  the  macadam  form  of  pavement  is  used. 

Uncertainty  in  bids  can  be  reduced  by  complete  and  definite  plans 
and  specifications  that  have  the  reputation  of  being  enforced;  by 
definite  statements  of  the  requirements  of  materials  and  the  location 
of  acceptable  supplies  of  these  materials;  by  the  publication  of  the 
engineer's  estimate  of  cost,  with  a  statement  as  to  the  maximum  bid 
that  will  be  considered  in  awarding  the  contract;  and  by  the  provi- 
sion that,  in  case  a  responsible  contractor  makes  the  low  bid  under 
the  limit  stated  and  no  award  is  made,  he  will  receive  a  reasonable 
fee  for  making  the  bid. 

To  determine  reasonable  prices,  every  large  state  organization 
can  afford  to  develop  a  construction  department  which  can  do 
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certain  jobs  each  year  to  gage  reasonable  construction  costs  and  to 
take  over  for  completion  any  contracts  that  may  be  canceled  for 
non-performance. 

14.  Proportion  and  Economy  in  Design.  The  Relative  Impor- 
tance of  the  Detail  Elements  of  Design. — Most  road  work  can  be 
classed  as  a  step  in  progressive  improvement;  the  highway  is  gradu- 
ally bettered  from  a  trail  to  a  high-class,  modern,  heavy-traffic 
thoroughfare  as  its  use  or  prospective  use  warrants  the  expenditure. 
In  the  majority  of  cases  the  money  at  hand  is  not  sufficient  for  the 
complete  construction  of  all  the  features  that  are  desirable  even  at 
the  time  when  the  improvement  is  made,  and  it  is  never  sufficient 
to  build  a  road  that  will  completely  fill  the  requirements  of  the 
future.  Some  features  have  to  be  omitted  or  slighted.  It,  there- 
fore, seems  well  worth  while  to  encourage,  first,  the  construction  of 
reasonably  good  fundamental  elements  which  act  as  a  basis  for  the 
final  improvement,  and  then,  in  logical  order,  as  many  of  the  other 
desirable  parts  as  can  be  built. 

It  certainly  pays  to  construct  what  is  done  so  that  it  can  be 
readily  strengthened  and  widened  as  the  future  requires,  without 
losing  the  benefit  of  the  previous  work.  The  following  tentative 
list  illustrates  an  order  of  importance  of  design  elements  which 
probably  applies  to  most  cases  with  some  minor  variations: 

DESIGN  FEATURES 

1.  Selection  of  the  best  general  route: 

a.  Best  location  for  the  development  of  the  territory. 

b.  Longest  open  season. 

c.  Least  rise  and  fall. 

d.  Length  and  cost. 

2.  Selection  of  the  most  natural  engineering  location  following  the  desired 

general  route: 

a.  Reasonable  grades. 

b.  Exposure.     Avoid  north  exposure  and  areas  of  deep  snow. 

c.  Character  of  excavation.     Avoid  rock,  slides,  etc. 

d.  Drainage  problems.     Avoid  flood  areas,  stream  crossings,  etc. 

e.  Avoid  artificial  restrictions,  such  as  section-line  locations,  etc. 
/.  Avoid  needless  railroad  grade  crossings  . 

3.  Detail  requirements  of  design: 

a.  Reasonable  maximum  grade,  considering  future  requirements. 

b.  Economical  intermediate  grades. 

c.  Safe  and  economical  alignment,  considering  future  requirements. 

d.  Width  of  roadway  safe  for  traffic,  eliminating  dangerous  ditches. 

e.  Width  of  roadway  convenient  for  traffic. 

/.    Sufficient  culverts  and  bridges  to  protect  the  roadway,  considering 

the  future. 
g.    Permanent  construction  of  these  culverts  and  bridges. 
h.  Sufficient  width  of  clearing  for  sun  to  reach  road. 
i.    Safety  provisions.      Protection  for  traffic  at  dangerous  places. 
j.    Provision  of  liberal  width  of  right  of  way,  considering  future  widen- 

ings  and  developments. 

4.  Improvement  of  the  road  surface: 

a.  By  selective  soil  treatment. 

b.  By  gravel,  chert,  macadam,  etc. 

c.  By  rigid  pavements. 

5.  Improvements  for  the  future: 

a.  A  higher-grade  surface. 

b.  A  wider  hard  surface. 

c.  Provision  of  sidewalks  for  pedestrians. 

d.  Planting  trees,  etc. 

e.  Illumination. 
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An  examination  of  the  roads  in  almost  any  locality  leaves  the 
mpression  that  a  little  more  emphasis  on  and  attention  to  the  better 
instruction  of  the  fundamental  features  will  add  to  the  reasonable 
Droportion  of  design  and  be  a  move  in  the  right  direction. 

The  following  typical  cases  illustrate  the  usual  problems  that 
)ccur  and  indicate  their  general  solution. 

General  Solutions,  Pioneer  Districts. — Where  no  road  exists  and 
:he  funds  are  entirely  too  small  for  good  construction,  a  sufficiently 
;heap  design  is  used  to  complete  the  entire  length.  Under  these 
onditions  the  only  requirement  that  must  be  met  is  the  proper 
selection  of  general  route,  although  it  is  probable  that  for  the  greater 
mrt  of  the  distance  the  final  engineering  location  can  be  followed. 
Considerable  work  of  this  kind  has  been  done  in  the  Southwestern 
states,  and  the  solutions  are  ingenious.  Satisfactory  wagon  and 
tutomobile  trails  have  been  constructed  under  favorable  conditions 
or  as  low  as  $20  per  mile,  while  in  difficult  locations  advantage  has 
)een  taken  of  all  possible  expedients  to  keep  the  cost  down. 

Where  a  poor  but  usable  road  exists  between  terminal  points,  or 
or  a  portion  of  the  distance,  either  the  uncompleted  or  the  worst 
sections  of  the  route  are  first  considered.  Under  such  circumstances 
he  funds  are  generally  sufficient  to  permit  a  moderately  good  engi- 
leering  design,  which  must  provide  for  a  reasonably  good  grade  and 
irainage  scheme  on  the  improved  sections,  although  the  drainage 
tructures  may  be  cheap  and  temporary  and  the  roadway  narrow. 

Where  a  fair  road  has  been  previously  built  over  the  entire  route, 
10  improvement  should  be  attempted  unless  it  provides  for  a  first- 
:lass  engineering  design  of  grades,  alignment,  section,  and  perma- 
nent drainage  structures. 

Where  a  first-class  natural-soil  road  is  in  use,  the  next  step  in 
Drogressive  improvement  requires  either  selected  soil,  gravel,  or 
lard-surfaced  construction  of  the  traveled  way. 

General  Solutions,  Well-settled  Districts. — The  application  of  the 
>rder  of  importance  of  design  elements  for  hard-surfaced  pavement 
vork  can  be  shown  by  three  cases: 

Under  the  most  favorable  conditions  in  rich  communities,  the 
mprovement  is  considered  final  and  its  design  is  based  on  an  effort 
:o  obtain  the  most  useful,  and  in  the  end  the  most  economical,  form 
)f  construction  regardless  of  the  first  cost.  In  this  case  all  the 
ngineering  requirements  may  be  fulfilled. 

In  many  communities,  however,  the  funds  are  only  sufficient  to 
Duild  a  moderately  good  pavement,  which  will  have  to  be  bettered 
)y  reconstruction  in  a  few  years,  to  meet  the  increasing  demands  of 
he  traffic.  An  improvement  of  this  kind  should  be  permanently 
md  completely  designed  for  proper  grades,  alignment,  section, 
Irainage  and  safety  provisions  up  to  a  certain  reasonable  limit  and 
:he  balance  of  the  money  spent  on  the  best  type  of  hard  surface 
:hat  can  be  afforded. 

The  third  case  is  reconstruction,  which  usually  confines  the  prob- 
em  to  consideration  of  the  most  suitable  type  of  resurfacing, 
itilizing  previous  work  to  the  best  advantage.  It  also  sometimes 
nvolves  improved  relocation. 

Reasonable  Economy  in  Design. — The  mileage  to  be  constructed 
s  so  great  and  the  amount  of  money  involved  so  impressive  that  it 
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seems  desirable  to  use  all  reasonable  care  to  produce  as  many  mile 
of  road  as  possible  with  the  available  funds.  During  the  year 
1913-1920  the  author  has  made  a  careful  review  of  some  2000  mile 
of  road  plans  from  different  sections  of  the  country  with  the  idea  c 
forming  a  reasonable  conclusion  as  to  the  trend  of  highway  desig: 
and  to  see  how  closely  current  practice  follows  the  well-recognize< 
principles  of  highway  engineering.  The  results  of  the  analysis  c 
these  plans  were,  roughly,  as  follows:  About  25  per  cent  could  b 
classed  as  first-class  designs  from  any  economical  standpoint.  Prac 
tically  all  the  designs  showed  minor  wastes,  but  for  the  plan 
classed  as  good,  revisions  would  not  result  in  any  practical  ad  van 
tage.  About  75%  cent  of  the  plans  showed  a  material  expenditur 
of  money  for  which  no  adequate  return  was  obtained,  amountin 
to  from  5  to  20%  of  the  cost.  On  some  of  the  roads  which,  as  buill 
served  the  traffic  well,  this  excess  might  better  have  been  spent  o: 
other  jobs.  On  some  of  the  roads,  which,  as  built,  were  not  up  t 
the  requirements  of  the  traffic,  the  waste  might  better  have  bee 
applied  to  their  own  improvement  in  fundamental  features. 

The  general  faults  most  noticeable  were: 

Too  much  spent  on  the  reduction  of  intermediate  grades. 

Too  much  spent  to  obtain  long,  straight  grades. 

Too  much  spent  on  sections  with  deep  ditches. 

Not  enough  spent  on  realignment  at  dangerous  locations. 

Not  enough  spent  on  relocations  necessary  to  get  reasonabl 
maximum  grades. 

Not  enough  spent  on  long-span  bridges. 

Too  much  spent  on  width  of  pavement. 

Not  enough  spent  on  depth  of  pavement. 

Too  much  spent  on  imported  materials  where  local  material 
were  available  in  limited  quantities. 

One  of  the  objects  of  this  book  is  to  discuss  in  detail  variou 
proved  means  of  effecting  economies  without  reducing  the  usefu' 
ness  of  the  roads.  At  this  point,  however,  it  is  not  necessary  to  d 
more  than  to  indicate  the  different  parts  of  design  that  are  partic 
ularly  susceptible  to  such  saving. 

Systematic  grading  design  will  often  reduce  the  work  from  500  t 
2500  yd.  per  mile,  amounting  in  money,  on  an  average,  to  from  $50 
to  $3000  per  mile.  The  proper  use  of  local  material,  particularl; 
in  foundations,  is  a  large  factor  in  economy  and  will  often  reduce  th 
cost  from  $1000  to  $3000  per  mile.  Reasonable  variations  in  pave 
ment  width  and  in  the  thickness  of  surfacing  courses  is  effective 
and  in  many  cases  saves  from  $1000  to  $2000  per  mile.  A  ver 
conservative  estimate  of  savings  due  to  these  systematic  mi  no 
alterations  is  from  $1000  to  $2000  per  mile.  These  savings  are  no 
spectacular  for  any  one  job,  but  if  consistently  used  their  advantag 
on  any  large  program  is  very  evident.  They  will  more  than  pa; 
for  all  the  necessary  engineering  work  in  connection  with  the  entin 
program.  The  small  additional  work  required  for  a  careful  analysi 
is  the  best  possible  engineering  investment  for  the  community  tha 
can  be  made. 

Tests  of  Designs. — It  is  certainly  well  worth  while  to  test  out  eacl 
finished  design  to  see  if  it  complies  with  the  general  principles  whicl 


ECONOMIC  DESIGN  55 

J  iiave  been  discussed  and  also  with  the  detail  economics  that  will  be 
I  taken  up  later.  The  following  list  of  questions  indicates  in  a  general 
*way  the  points  to  be  considered: 

QUESTIONNAIRE 

Is  the  alignment  suitable  for  all  reasonable  requirements  of  the  future? 

Is  the  ruling  grade  suitable  for  all  reasonable  requirements  of  the  future? 

Is  the  section,  ditch  to  ditch,  safe  and  suitable  for  present  traffic? 

Is  the  right  of  way  wide  enough  for  future  requirements? 

Are  there  ample  culverts  for  all  requirements  of  the  future? 

Are  the  culverts  proportioned  properly  as  to  size,  considering  run-off? 

Are  the  culverts  long  enough  to  be  safe  and  large  enough  to  maintain? 

Are  the  bridge  superstructures  strong  enough  for  present  traffic? 

Have  all  permanent  culverts  and  bridges  been  designed  strong  enough  and 
vide  enough  for,  say,  so  years? 

Are  the  bridge  abutments  for  new  temporary  superstructures  solid  enough 
or  future  permanent  superstructures? 

Are  the  ditches  road  ditches  and  not  farm  drainage  ditches? 

Are  the  safety  provisions  real  safeguards  or  are  they  only  warnings? 

Is  the  road  surface  thick  enough  to  handle  present  traffic  without  founda- 
ion  failure,  considering  the  subsoil  conditions? 

Is  the  road  surface  wide  enough  for  present  traffic? 

Is  the  surface  of  the  general  type  required  by  present  traffic? 

So  much  for  proportion — now  for  economy: 

Does  the  grade  line  conform  with  the  principles  of  economical  design? 

Do  the  sections  fluctuate  to  conform  to  economical  design? 

Has  the  selection  of  pavement  typebieen  based  on  the  most  economical  use 
)f  local  materials? 

Has  the  design  been  varied  to  use  limited  supplies  of  local  material  with 
;hort  hauls? 

Is  the  width  reasonable,  and  has  it  been  varied  on  a  road  that  has  heavy 
raffic  part  of  the  distance  and  light  traffic  part  of  the  way? 

Has  the  depth  of  macadam  been  varied  to  meet  the  different  requirements 
)f  the  soils  and  kept  to  a  reasonable  minimum? 

Have  the  culverts  and  bridges  been  designed  for  the  most  economical  type 
or  the  span  in  question? 

Have  the  types  of  culverts  been  varied  to  get  the  cheapest  result,  con- 
sidering local  materials,  in  comparison  with  market  quotations  and  cost  of 
ong  hauls  on  imported  materials? 

Are  the  specifications  flexible  enough  to  permit  reasonable  use  of  local 
naterial  ? 

Does  the  testing  laboratory  make  an  effort  to  approve  the  reasonable  use 
)f  local  material,  or  is  it  inclined  to  hold  arbitrarily  to  the  highest  standards, 
egardless  of  the  relative  importance  of  the  job  in  hand? 

The  designer  should,  however,  bear  in  mind  that  imperfections  in 
instruction  and  intermediate  factors  make  too  close  a  theoretical 
lesign  impracticable  and  that  a  certain  factor  of  safety  must  be 
provided  in  all  his  plans  for  such  possibilities.  The  application  of 
:his  to  the  different  elements  of  design  will  be  discussed  throughout 
:he  book. 

Economic  Engineering  Design. — Economic  engineering  design 
balances  value  against  cost  and  considers  the  following  factors: 

1.  Traffic  classification  (volume  and  kind). 

2.  Economical    design    and    value    of    improved    location,     grades,    and 

alignment. 

3.  Suitable  pavement  types,  based  on  traffic  classification. 

4.  Subgrade  soils. 

5.  Economic  design  of  alternative  pavement  types  considering    soil  and 

traffic. 

6.  Local  and  imported  material  available. 

7.  Comparative  cost  estimates  (alternative  types) : 
a.  Construction. 
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b.  Maintenance. 

c.  Renewal. 

d.  Motor  operation  costs. 

8.  Reasonable  maximum  and  minimum  expenditures. 

a.  Economic  value  of  improvement  based  on  reduction  in  travel   cost 

b.  General  intangible  value. 

9.  Recommended   design   considering   both   technical   and    non-technica 

factors. 

The  economic  designs  of  Bridges  and  Grade  Crossings  are  dis 
cussed  in  Chapters  4  and  9. 

1.  Traffic  Classification. — Estimates  of  present  and  future  traffii 
are  discussed  on  page  32  and  general  traffic  classification  on  page  46 

2.  Economical  Design  and  Value  of  Improved  Location,  Grades 
and  Alignment. — The  second  part  of  the  analysis  considers  a  stud^ 
of  relocation,  grade  reduction,  and  alignment. 

Practice  in  matters  of  alignment  are  based  entirely  on  the  facto 
of  safety  and  no  consideration  is  given  to  reduction  in  motor  opera 
tion  cost,  for,  while  motor  operation  costs  are  increased  by  danger 
ous  alignment,  they  are  not  greatly  affected  by  minor  improvement 
in  relatively  safe  alignment.  Dangerous  alignment  is  eliminatec 
on  the  basis  of  general  or  intangible  benefit,  which  at  the  same  thru 
gives  some  economic  cost  benefit.  (See  Chap.  II  for  the  effec 
of  alignment  on  cost.) 

For  deriving  the  approximate  value  of  proposed  grade  reduction 
or  relocations,  Tables  5  and  6  (p.  12)  give  a  rough  approximatioi 
of  the  capitalized  motor  operation  cost  per  foot  of  distance  travele* 
by  an  average  volume  of  100  vehicles  daily  average  mixed  traffic  fo 
each  rate  of  grade  from  level  to  10%.  Table  6  assumes  one-hal 
traffic  up  and  one-half  down  each  grade,  and  is  very  simple  to  use 
In  comparing  proposed  alternate  locations  or  profiles  using  differen 
rates  of  grade,  it  is  necessary  to  compute  only  the  sum  total  distano 
in  feet  of  each  rate  of  grade  used  on  the  different  designs  and  t< 
multiply  by  the  money  value  given  in  the  table,  summing  up  th 
resultant  products  for  each  proposed  design.  The  total  differeno 
multiplied  by  the  volume  of  future  traffic  considered  reasonabL 
gives  a  quite  rational  basis  for  conclusions  as  to  the  relative  value  o 
the  alternate  designs  considering  motor  operation  costs.  Thi 
relative  cost  of  the  alternate  proposed  routes  are  then  balancec 
against  their  relative  value.  An  example  of  such  a  tabulation  i: 
given  on  page  57. 

The  values  for  the  different  rates  of  grade  range  from  $9  per  fool 
per  100  vehicles  daily  to  Si 27.  The  derivation  of  Table  6  ha 
appeared  in  various  publications.  For  the  last  8  years  it  has  beer 
used  by  the  author  in  connection  with  all  grading  designs  for  whicl 
he  has  been  responsible.  It  shows  quite  plainly  that  the  reductior 
of  natural  grades  of  4%  or  less  are  rarely  justified.  For  higher  rate; 
of  grade  each  case  is  a  special  problem,  three  examples  of  which  wil 
be  given  to  illustrate  the  value  of  an  economic  analysis  of  this  kind 

The  first  example  is  the  Woodville  Bristol  Springs  Highway  in  the 
Finger  Lake  District  of  New  York.  This  is  a  rough,  hilly  count> 
and  the  original  road  had  dangerous  alignment  and  15%  grades 
Two  relocations  were  considered,  one  based  on  straight  alignment 
and  10%  grades  which  is  the  extreme  maximum  for  such  conditions; 
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he  other  on  7%  maximum  grades,  greater  distance,  and  safe  but 
rooked  alignment.  Each  of  these  locations  had  certain  backers 
nd  the  road  was  deadlocked.  An  economic  analysis  was  applied 
ased  on  the  preceding  data.  This  analysis  showed  that  the  value 
f  the  7%  location  from  the  standpoint  of  motor  operation  probably 
lore  than  justified  the  increased  cost  of  this  location.  The  7%  was 
dopted. 
The  second  example  refers  to  the  design  of  approach  grades  to  a 
ighway  bridge  over  a  railroad  crossing.  This  crossing  occurs  on  a 
datively  unimportant  state  road.  The  following  is  quoted  from 
le  recent  official  report  where  Table  6,  page  12  was  used  in 
guring  the  economics  of  the  design. 

Comparison  Capitalized  Motor  Operation  Cost,  Old  and  Xew 

Profile  (Road  1392) 

(Based  on  column  1,  Table  6,  page  12) 


Old  profile 

Xew 

aiofile 

Rate  of 

Estimated 
capitalized  cost 

grade, 

per  100  vehicles 

Amount 

Amount 

% 

daily  per  foot 

Length, 

100 

Length, 

190 

of  distance 

feet 

vehicles 
daily 

feet 

vehicles 
daily 

1 .0  or  less 

$  910 

8,300 

$75,530 

7,900 

$71,890 

1-5 

9. 12 

800 

7,296 

400 

3,648 

2  .0 

9.15 

1,200 

10,980 

1,700 

15,555 

2  .2 

9.17 

200 

1,834 

800 

7,336 

2.4 

9.19 

500 

4.595 

700 

6,433 

2.6 

9.21 

600 

5,526 

300 

2,763 

2.8 

923 

1,000 

9,230 

800 

7,384 

3-0 

9.25 

800 

7,400 

1,600 

14,800 

3-2 

9.28 

800 

7,424 

500 

4,640 

3-4 

9.31 

500 

4,655 

500 

4.055 

3-6 

9-34 

400 

3,736 

1,000 

9,340 

3-8 

9-37 

100 

937 

4.0 

9.40 

400 

3,760 

700 

6,580 

4.2 

9-45 

300 

2,835 

200 

1,890 

4.4 

9.50 

400 

3,8oo 

400 

3,8oo 

4.6 

9.56 

500 

4,780 

100 

956 

4.8 

9.63 

200 

1,926 

200 

1,926 

5-0 

970 

300 

2,910 

100 

970 

5-2 

9.80 

100 

980 

100 

980 

5-4 

9-90 

100 

990 

5-6 

10  .00 

400 

4,000 

300 

3,000 

5-8 

10 .  10 

400 

4,040 

400 

4,040 

6.0 

10  .20 

800 

8,160 

6.5 

10  .70 

7.0 

11  .20 

100 

1,120 

7-5 

11.85 

500 

5,925 

8.0 

12.50 

200 

2,500 

8.5 

1325 

100 

1,325 

9.0 

14.00 

100 

1,400 

9-5 

14-75 

10. 0 

15-50 

200 

3,100 

$180,746 

100  vehicles 

$184,534 

500  vehicles 

daily  total 

$922,000 

$904,000 

Maximum  economic  value  of  grading  $18,000.      ($922,ooo-$904,ooo) 
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"Construction  cost  is  increased  but  motor  operation  cost  decreased  b 
the  adoption  of  lower  rates  of  grade.     The  use  of  a  7%   approach  grad 

advocated   by    Mr instead  of  the   8.5%    recommended   wouL 

increase  the  construction  cost  $14,000  over  the  cost  of  the  8.5%.  While  i 
is  impossible  to  figure  the  capitalized  cost  of  motor  operation  exactly,  it  i 
not  likely  that  the  reduction  in  operation  cost  would  warrant  an  increase  i 
construction  cost  of  over  $6,000,  assuming  300,000  cars  yearly,  which  is 
liberal  allowance  for  future  traffic.  The  increased  cost  of  construction  i 
out  of  all  proportion  to  the  benefit  derived,  which  indicates  that  8.5^ 
grade  is  preferable  to  7.0%  from  the  standpoint  of  economic  benefit." 

The  8.5%  rate  was  adopted. 

The  third  example  covers  the  use  of  these  data  in  connection  wit] 
deriving  the  value  of  a  proposed  highway  improvement.  Th 
following  is  quoted  from  the  official  report  on  Road  1392,  which  i 
a  Class  III  crossroad  on  the  state  system. 

"The  existing  grades  are,  in  the  main,  easy,  with  a  few  short  steep  grade 
of  8  to  9%.  The  new  profile,  as  a  rule,  follows  the  existing  road  closely,  wit 
short  grade  reduction  using  6%  maximum  grades.  The  total  rise  and  fa 
for  the  old  and  new  road  is  about  the  same.  The  proposed  grading  wi 
have  some  effect  in  reducing  motor  operation  costs,  but  is  largely  useful  i 
providing  a  convenient  width  for  traffic  and  a  smooth  bed  for  the  pavemenl 
In  figuring  the  economic  value  of  the  improvement  grade  reductions  ca 
be  given  some  weight  for  this  road.  Total  grading  cost  estimated  at  $32,ooc 
Total  economic  benefit  of  grading  estimated  at  $18,000,  allowing  200,00 
vehicles  yearly,  which  is  liberal  for  this  highway"  (see  tabulation  page  5 
for  detail  method). 

3.  Suitable  Pavement  Types  Based  on  Traffic  Classification.— -Th 
discussion  of  this  part  of  the  design  was  given  on  page  46.  Table  1 
gives  the  summarized  results. 

Table  13. — General  Suitability  of  Types 


: 


Class  I  roads, 
special-service 
roads,  2000  or 
more  vehicles 
daily  (10-hr. 
count  in  sum- 
mer) 


Class  II  roads, 
ordinary  mixed 
traffic,  800  to 
2000  vehicles 
daily  ( 1  o-  h  r. 
count  in  sum- 
mer) 


Class  III  roads, 
ordinary  mixed 
traffic,  300  to 
800  vehicles 
daily  (10-hr. 
count  in  sum- 
mer) 


Class  IV  roads, 
local  traffic  less 
than  300  vehi- 
cles daily  ( 1  o-hr. 
count  in  sum- 
mer) 


Asphalt  block  on 
concrete  base 

Brick  block  on 
concrete  base 

Bituminous  con- 
crete on  con- 
crete base 

Reinforced  ce- 
ment concrete 

Stone1  block  on 
concrete  base 


Bituminous2  con- 
cretes on  old 
firm  macadam 
base 

Small  block  pave- 
ments with  flex- 
ible joint  filler 
on  old  firm  mac- 
adam base 

Reinforced  ce- 
ment concrete 

Penetration  bitu- 
minous  mac- 
adam 


Bituminous  mac- 
adam 

W  a  t  e  r-b  o  u  n  d 
macadam  (oiled) 

Bituminous  gra- 
vel 

Gravel  (oiled) 


Macadam  (oiled) 
Gravel  (oiled) 
Sand  clay  in  dis- 
tricts   not    sub- 
ject   to     severe 
winters 


Widths  of  Pavement3 
(In  feet) 


18-20,  with  addi- 
tional width  of 
macadam  shoul- 
ders 


15-18,  with  addi- 
tional stone 
shoulders 


8-12 


1  Special  conditions  only.    . 

2  The  use  of  these  types  on  newly  built  macadam  is  not  safe  practice. 

3  Extra  width  on  sharp  curves. 
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4.  Subgrade  Soils. — The  character  of  the  subgrade  soil  controls 
the  pavement  design:  While  the  authors  have  a  great  respect  for 
recent  soil  research,  they  do  not  consider  it  practicable  to  make 
laboratory  analyses  of  soil  samples.  The  procedure  advocated 
ind  carried  out  on  all  roads  for  which  they  have  been  responsible 
is  a  rough  classification,  station  by  station,  made  by  their  most 
:xperienced  field  men.  They  interview  each  property  owner  and 
oad  commissioner  for  the  location  of  soft  spots  and  investigate  the 
zharacter  of  the  soil  for  the  entire  length  of  the  road  by  examination 
}f  existing  cuts  and  by  bar  soundings  and  gas  pipe  core  samples, 
kvhere  necessary,  for  depths  to  at  least  3'  below  the  proposed  grade 
)f  the  improvement.  The  results  are  tabulated  under  the  following 
general  soil  classification,  which  are  considered  sufficiently  accurate 
'or  all  practical  purposes  in  designing  new  pavements:  Gravel, 
Hoarse  Sand,  Sandy  Loam,  Loam,  Clay  Loam,  Ordinary  Clay, 
Heavy  Wet  Clay,  and  Quicksand. 

For  reconstruction  designs  of  old  macadam  roads  the  depth  of  the 
existing  macadam  is  determined  and  also  its  general  condition, 
,vhether  firm  or  mixed  with  the  underlying  soil.  The  underlying 
ioil  is  classified  as  for  new  construction. 

5.  Economic  Design  of  Alternate  Pavement  Types,  Considering  Soil 
ind  Traffic. — In  order  to  make  rational  comparative  estimates  of 
inal  highway  costs,  it  is  necessary  to  adopt  adequate  pavement 
lepths  for  the  different  types.  Pavement  strength  affects  not  only 
:onstruction  cost,  but  also  maintenance  and  renewal  costs.  Inade- 
juate  strength  reduces  first  cost,  but  increases  maintenance  and 

-enewal.  The  authors'  experience  for  the  last  20  years  indicates 
hat  the  pavement  depths  given  in  the  attached  tables  are  adequate, 
.nd  result  in  economical  final  cost,  including  maintenance  and 
enewal.  These  depths  are  affected  by  the  subsoil  and  traffic.  The 
lepths  recommended  consider  not  only  the  soils  but  whether  the 
)avements  are  in  cut  or  on  high  fills. 

They  are  based  on  maximum  vehicle  loads  of  28,000  lb.,  for  year- 
ound  travel,  Class  I  and  II  highways,  reduced  to  12,000  lb.  during 
he  spring  thaw  for  macadam  roads  on  Class  III  and  IV  highways. 

The  macadam  depths  range  from  6  to  30"  and  the  rigid-pavement 
iepths  from  6  to  13",  with  additional  gravel  or  stone  subfounda- 
ions  where  necessary  (see  Tables  14  and  15). 

Pavement  Widths. — Pavement  width  depends,  first,  on  safety 
nd  convenience,  and,  second,  on  cost.  Experience  indicates  that 
or  traffic  of  less  than  300  daily,  single-track  pavements  8  to  12' 
ride  with  a  grading  width  of  20'  serve  satisfactorily.  For  Class  III 
raffic  (300  to  800  daily),  normal  widths  of  12  to  16'  are  moderately 
afe  and  convenient,  with  a  grading  width  of  22'  for  turn-out 
raffic.  Extra  width  on  sharp  curves  is  provided  for  all  roads  of 
Classes  III,  II,  and,  I  (see  p.  132).  For  Class  II  traffic  (800  to  2000 
aily),  normal  widths  of  16  to  18'  with  special  gravel  shoulders  are 
•oth  safe  and  economical  from  a  maintenance  standpoint.  On 
.lass  I  traffic  (over  2000  daily),  18  to  20'  normal  widths  with  special 
nacadam  shoulders  serve  well  up  to  about  6000  vehicles  in  12  hr. 
'or  volume  of  traffic  above  this  count,  the  construction  of  parallel 
outes  is  advocated,  to  reduce  congestion,  but  where  this  is  not 
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Table  14. — Recommended  Total  Depths  of  Flexible    Pav 
ments  in  Localities  Subject  to  Severe  Winters  (in  Inches 


Class  I  Traffic  (over  2,000  vehicles  daily,  10-hr.  count  in  summer 
(Macadam  not  usually  economical  on  Class  I  roads) 


Soil 


Location  of  road 


In  cuts  or 
on  shallow- 
nils  less 
than  1  ft. 
deep 


On  inter- 
mediate 
fxlls  1  to 

3  ft.  deep 


On  high 
fills  over 
3  ft.  deep 


Coarse  sand  and  fine  gravel. 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands. 


9  to  10 
10  to  14 
15  to  21 
22  to  30 


9  to  10 

10  to    12 
12  to   l6 

14  to  18 


9 
10 
11 
13 


Class  II  Traffic   (800  to   2,000  vehicles  daily,   10-hr.  count  ii 

summer) 


Sand  and  gravel 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands. 


8  to    9 

8  to     9 

9  to  12 

9  to  II 

12  to  18 

11  to  15 

18  to  28 

13  to  16 

9 
10 
12 


Class  III  Traffic   (300  to  800  vehicles  daily,    10-hr.  count   i: 

summer) 


Sand  and  gravel 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands. 


7  to     8 

8  to  10 
12  to  16 
18  to  24 


7  to     8 

8  to     9 

9  to  14 
12  to  15 


Class  IV  Traffic  (less  than  300  vehicles  daily) 


Sand  and  gravel 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands. 


6  to  7 

7  to  9 
10  to  15 
15  to  22 


6  to  7 

7  to  8 

8  to  12 
10  to  14 


possible  27  or  36'  widths  of  pavement  are  used.  As  a  general  rul» 
it  does  not  seem  wise  to  cater  to  the  policy  of  concentrating  traffi 
on  a  few  roads  and  it  is  believed  better  to  limit  pavements  to  the  2c 
width  for  single  roads  except  near  cities  where  unavoidable  concer 
tration  occurs.  For  discussion  of  road  capacity  see  page  28.  Fc 
roads  carrying  more  than  1500  vehicles  daily  the  shoulders  shoul 
be  wide  enough  to  permit  all  cars  which  are  parked  or  stopped  fo 
repair  to  be  entirely  off  the  pavement  proper. 

The  consideration  of  width  completes  the  factors  of  design  whic 
control  the  quantities  for  comparative  estimates  of  pavement  cosl 

6.  Materials  Available. — The  local  and  imported  materials  con 
trol  unit  cost  estimates.  Investigations  of  the  sources  of  suppl 
are  routine  procedure  and  no  special  comment  is  required  in  regar 
to  this  factor,  except  that  it  is  not  wise  to  demand  the  same  standar. 
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of  excellence  for  materials  on  roads  carrying  less  than  800  daily  as 
it  is  for  highways  carrying  over  that  amount. 

7.  Comparative  Pavement  Cost  Estimates. — Comparative  cost 
estimates  include  the  cost  of  construction,  maintenance,  and 
renewal.  Construction  cost  estimates  for  different  types  of  pave- 
ment suitable  to  the  general  class  of  traffic  the  improvement  will 
serve  is  the  next  step  in  procedure.  These  estimates  are  based  on 
the  design  data  previously  discussed  and  on  the  selection  of  the 
cheapest  source  of  material  supply  suitable  for  each  type  of  pave- 
ment. For  western  New  York  macadam  pavements  of  adequate 
depth  cost  from  Si. 50  to  $3.80  per  square  yard  and  rigid  pavements 
of  adequate  strength  from  $2.30  to  $5  per  square  yard,  depending 
on  soils,  materials,  and  traffic.  It  is  very  evident  that  the  wide 
range  makes  a  careful  analysis  necessary  to  determine  which  type 
has  the  advantage  for  any  specific  case. 

Maintenance  costs  shown  in  Table  16  are  based  on  general  records 
for  the  last  20  years  modified  by  consideration  of  selected  roads 
which  approximate  the  modern  design  standards  previously  dis- 
cussed and  which  have  received  proper  maintenance.  The  attached 
table  of  maintenance  cost,  represents  what  is  considered  a  fair 
average  for  properly  designed  pavements  during  the  period  recom- 
mended as  reasonable  economic  life  before  renewal  becomes  neces- 
sary. These  costs  do  not  agree  exactly  with  reported  general 
averages,  as  a  large  percentage  of  existing  mileage  is  entirely  too 
weak  for  modern  traffic  and  also  a  considerable  mileage  of  rigid 
pavements  has  been  in  service  for  such  a  short  time  that  mainte- 
nance charges  are  less  than  normal. 

In  a  general  way,  the  maintenance  of  wrell-designed  and  main- 
tained macadams  will  range  from  1.5  to  7  cts.  per  square  yard, 
per  year,  depending  on  traffic.  The  cost  of  rigid  pavement  mainte- 
nance over  a  long  term  of  years  will  probably  run  between  0.5  to  3 
cts.  per  square  yard  per  year,  depending  on  the  type  and  the  traffic. 
These  costs  do  not  include  incidental  maintenance  of  shoulders, 
ditches,  etc.,  which  are  considered  as  a  separate  item. 

The  average  yearly  renewal  costs  are  based  on  western  New  York 
records  for  the  past  20  years  modified  by  the  fact  that  funds  for 
reconstruction  have  lagged  behind  the  necessities  of  the  situation, 
which  results  in  low  reported  costs  and  extremely  rough  highways 
during  the  last  few  years  before  reconstruction.  The  renewal  costs 
given  are  based  on  probable  length  of  life,  during  which  the  pave- 
ments will  not  become  disagreeably  rough  (250"  per  mile  Yialog 
rating)  without  excessive  maintenance  ($1000  per  mile  year  max- 
imum). Under  these  conditions  the  life  of  macadam  pavements 
is  estimated  between  5  to  17  years  with  an  average  yearly  renewal 
cost  of  between  6  to  20  cts.  per  square  yard,  depending  on  the  traffic. 
The  life  of  rigid  pavements  will  range  from  8  to  30  years,  with 
renewal  costs  of  between  7  to  17  cts.  per  square  yard. 

Motor  Operation  Costs. — Consideration  of  the  relative  cost  of 
motor  operation  over  the  different  types  of  pavement  completes 
the  economic  comparison  of  alternate  designs. 

There  is  no  possibility  of  deriving  exact  costs  of  operation  over 
the  different  types,  as  there  is  a  wide  range  in  power  used,  tire  wear, 
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etc.  of  a  vehicle  traveling  over  any  type  of  pavement  due  to  the 
relative  perfection  of  the  surface,  which  is  affected  by  excellence  of 
construction,  age  of  pavement,  and  excellence  of  maintenance 
regardless  of  the  type  of  pavement  being  investigated  (see  Figs.  8 
and  9). 


NOTE'.  The  Coefficient  ofRotghnsts  is  irt inches  of 
vertical  irregularities  per  mite 


Good  Macadam 
Violog  Coefficient  I/O  "per  mi fe 


-JOOft 


Good  Cement  Concrete  Fbvement 
Violog  Coefficient  G5  per  mile 
-300  ft •>■ 


Good  Brick  Pavement- 
Violog  Coefficient65"permi!e 

-300  ft. 


Good  Asphalt  Concrete 
Violog  Coefficient  75"permile 

300  ft. = 


O/dFbor  Macadam 
Violog  Coefficient-  500" per  Mile 
-300  ft    - 


■\jV^^..^w^\^VoA^.\aJ^ 


Old '  Poor  2nd.  Class  Concrete  f&vemenr 

Violog  Coefficient3i~0"permile 

300  ft. 


^HAVV1  v/WWV^Nn,  'VliAVsA'-^'V^^ 


Old  Poor  Brick  fbvement 
Violog  Bating  320  "per  mile 
-300ft 


\/^^'^yjf'\^VYY"'W»«v^rvv■  f\J\r***/\ 


Old  Poor  Asphalt  Concrete 
Violog  Coefficient 300 'per mile 


■300  ft- 


NOTE:  This  Chart illushvtes'graphicallg  the  W/de  range  in  surface  roughness  with  attendant 
resistance  k>  traction  on   all  standard  lavements  due  to  age  and  lack  of  effective  Maintenance 
The  practical  use  of  the  Violog  in  connection  with  ti/ghway  Programs  is  discussed  in  Chap? 
A  reasonable  allowance  for  increase  in  business  motor  operob'on  cost  due  to  roughness 
is  approx.  * 80 per  mile  pePgeor  per /00  vehicles  average  mixed traffic  doi/y{J6S00geor(yJ 
for  each  100' 'increase  in  Violog  Coefficient. 

Fig.   8. — Vialog  records  of  surface  roughness  (showing  effect  of  age). 

It  is,  however,  possible  with  the  data  at  our  disposal  (1926)  to 
compare  the  cost  of  vehicle  operation  over  the  two  general  classes 
of  pavement  surfaces  in  common  use  and  arrive  at  general  conclu- 
sions, although  the  range  in  possible  values  is  quite  large.     For 
(text  continued  on  page  67.) 

Note  to  Table  15 

Note:  Where  two  depths  are  given  the  smaller  is  for  interior  areas  and 
the  larger  for  exterior  edge  depths.  Where  one  is  given  it  applies  to  interior 
areas. 

Typical  recommended  Pavement  Sections  showing  details  are  given  in 
Chap.  VI  under  the  discussion  of  each  type  of  pavement.  The  object  of  this 
table  is  to  give  a  tentative  basis  of  estimating  the  amount  of  materials  and 
the  cost  per  square  yard  for  the  different  types  suitable  for  different  maximum 
load  conditions. 

Table  15  in  conjunction  with  Table  14,  page  60,  provides  a  means  of 
computing  reliable  comparative  cost  estimates  for  all  ordinary  standard  types 
based  on  equal  strength. 
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Age,  years 
5  10 


Recorded  Values 


Maximum 
Average 
Minimum 


250  Maximum  250 

Rouqhness 

for  Comfortable 

Travel 


0  5"  10  15  20 

Age  of  Pavement,  years 
WATER80UND  MACA0AM(0ILE0) 
CLASS  II  TRAFFIC 
NORMAL  MAINTENANCE  *8T0  PER  M!LE  YEAR 
Age,  users 


Age,  years 
10  15 


■M 


-^ 


/ 


*m-\ 


r^,^— 


h*1 


vm-^ 


~/r 


*b 


*o& 


■  ■■it 


1000  i 
900  5" 
800  f 
TC0  $ 
600  §, 
500  <£ 

400  5 

joo :! 

200  1 
'00  jp 


5  10  15         20 

Age  of  Pavement,  years 
PENETRATION!  BITUMINOUS  MACADAM 

CLASS  TJ  AND  TJA  TRAFFIC 
NORMAL  MAINTENANCE*  =  50  PER  MILE  YEAR 

Vear5.s 


Z50  Maximum  250 
Roughness 
for  Comfortable 
Travel 


10 

Age,  years 
ASPHALT1C  CONCRETE -CLASS  I  AUOEATWFIC 

NOTE.  DATA  MEAGEP.(ll  YEAR  LIMIT) 
NORMAL  MA1NTENANCE5260  PER  MILE  YEAR 
Age,  years 

400? 5 J° LS  20 


10 
Age,  years 

CEMENT  C0NCRETE(|-.  \'lf.  JM1X)-CLASS  I ANOHTHAFFIC 

DATA  LIMITED  TO  9  YEAR  AGE 
NORMAL  MAINTENANCE* no  PER  MILE  YEAR 
Aa 


250  Maximum  250 
Roughness 
for  Comfortable 
Travel 


0  5  10  15 

Age,years 

BRICK  AND  ASPHALT  BLOCK 

CLASS  I  AND  DA  TRAFFIC 
DATA  LIMITED  TO  13  YEARS 
NORMAL  MAINTENANCE  *  £50  PER  MILE  YEAR 


Age,  years 


COMPARISON  OF  PAVEMENTS 
(AVERAGE  CONDITIONS) 


GRAPHS  SHOWING  WIDE  RANGE  AND  AVERAGE 
VALUE  OF  VIALOG  CO-EFFICIENT  OF  ROUGHNESS 
FOR  DIFFERENT  PAVEMENTS  AT  DIFFERENT  AGES, 
(NEW  YORK  STATE  1923) 

Based  on  average  maintenance,  thah's,no  specially  hijh  maintenance 

has  been  usedto  hold  the  roughness  to  a  specified  moximum.  Reconstruction 

is  resorted  to  when  normal  maintenance  becomes  ineffective. 

NOTE'.  These gmphs  show  the  wide  range  in  results  obtained  under  Public  Works  Programs  and  show 
conclusively  thedislinct  advantage  of  good  Engineering  Control.  Any  type  of  pavement  welt 
designediconstrjded  and  maintained  will  give  satisfactory  results  as  tar  as  traffic  operation 
cost  is  concerned.  ' 

^■Jr^ZtTTri"^"  ^■?t'f'£.rj?J^£,''i  ^'sfnM  ^ese  re.col~d^  (>ave  6  human  as  well  as 

*  in  the  success  o  fthe 
and  they  also  show 
■/pes. 


Fig.  9. 
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purposes  of  comparison,  the  ordinary  rural  pavements  are  classed 
as  follows: 

Class  A.  Brick,  bituminous  concretes,  and  Portland  cement 
concrete. 

Class  B.  Bituminous  macadam  and  water-bound  macadam  or 
gravel  with  bituminous  surface  coats. 

Table  4  (p.  n),  based  on  investigations  at  the  Iowa  State  College 
in  conjunction  with  U.  S.  Bureau  of  Roads,  shows  a  difference  in 
average  vehicle  operating  cost  of  approximately  0.5  ct.  per  mile,  or 
5%  of  the  total  operating  cost  of  vehicles  in  favor  of  Class  A  surfaces 
as  compared  with  Class  B.  This  is  considerably  in  excess  of  the 
authors'  data. 

The  authors'  investigations  as  published  in  "Rural  Highway 
Pavements"  in  connection  with  Vialog  records  in  western  New  York 
indicate  that,  making  due  allowance  for  average  roughness  over  the 
total  life  of  the  pavement,  snow  and  ice  in  winter,  etc.,  the  differ- 
ence in  operating  costs  for  well-maintained  Class  A  and  B  surfaces 
does  not  probably  exceed  3%  of  the  cost  of  gasoline,  oil,  tires,  and 
repairs  or  approximately  0.14  cts.  per  average  vehicle  mile.  (See 
Chap.  VII,  p.  545).  As  discussed  on  page  10  business  travel  is 
approximately  50%  of  total  travel  which  must  be  considered  in 
computing  the  actual  loss  to  the  community  at  large  from  the  use 
of  Class  B  surfaces. 

The  following  tabulation  indicates  roughly  the  loss  per  mile  of 
highway  per  year  for  different  volumes  of  travel  and  the  capitalized 
value  of  this  yearly  loss  at  5%,  which  represents  the  added  justifi- 
able cost  of  Class  A  surfaces  over  the  cost  of  Class  B  surfaces  due 
to  difference  in  vehicle  operating  costs.  This  tabulation  is  based 
on  the  authors'  figures  of  0.14  cts.  given  above.  The  following 
quotation  strengthens  the  discussion. 

''In  computing  the  total  yearly  cost  of  a  pavement  to  the  community  it 
is  just  as  well  to  give  some  weight  to  the  item  of  reduction  in  operating  cost. 

"For  average  conditions  in  Division  N.  4,  western  New  York,  considering 
construction,  maintenance,  renewal,  interest  on  construction,  and  difference 
in  motor  operation  cost,  the  general  conclusion  to  be  drawn  is  that  the 
macadam  type  of  surface  usually  becomes  uneconomical  from  a  business 
standpoint  at  a  volume  of  traffic  of  between  1000  to  2000  vehicles  daily. 
At  this  point  an  old  macadam  road  can  be  resurfaced  with  asphaltic  con- 
crete and  brought  up  to  the  operation  efficiency  of  Class  A    pavements." 

Examples  of  Economic  Comparisons  of  Pavements. — To  illus- 
trate definitely  the  use  of  the  foregoing  data  in  comparing  the 
economic  value  of  different  pavements,  considering  construction 
maintenance,  renewal,  and  motor  operation  costs,  two  examples 
from  recent  design  reports  will  be  cited. 

Road  1392. — This  road  is  a  Class  III  traffic  crossroad  on  the  state 
system.  For  purposes  of  economic  comparison  a  volume  of  traffic 
of  500  daily  average  has  been  adopted  and  the  use  of  three  alternate 
pavement  designs  considered:  water-bound  macadam,  oiled, 
bituminous  macadam,  and  reinforced  cement  concrete.  A  16' 
width  has  been  adopted,  as,  while  this  may  not  be  justified  by  the 
normal  volume  of  local  traffic,  this  road  will  be  subjected  at  inter- 
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vals  to  detour  traffic  from  Route  6,  the  main  east-and-west  route= 
The  economic  comparison  of  types  is  tabulated  as  follows: 

Economic  Comparison  of  Types,  Road  1392 


Esti- 
mated 
construc- 
tion 

Esti- 

Esti- 

Increased 

Type 

Interest 

on  initial 

cost 

mated 
yearly 
main- 
tenance 

mated 
average 

yearly 
renewal 

motor 
opera- 
tion, 
Class  B, 

Total 
yearly 
cost,  per 

cost  per 

square 

yard 

at  5% 

per 
square 

per 

square 

per 
square 

square 
yard 

yard 

yard 

yard 

Cement      con- 

$2.30 

$0,115 

$0,010 

$0.11 

$0.00 

$0,235 

Bituminous 

macadam.. .  . 

1  .60 

0  .080 

0.035 

0. 11 

0.01 

0.235 

Water-bound 

macadam.. .  . 

1  .50 

0.07s 

0.065 

0 .  10 

0  .01 

0.25 

Note. — For  conditions  prevailing  on  this  road  there  is  very  little  differ- 
ence in  final  economy  for  these  three  types. 

The  second  example  used  is  the  Mt.  Morris  Village  Highway, 
which  is  Class  I,  Stas.  26  to  48,  and  Class  II,  Stas.  o  to  26.  The 
economic  analysis  given  below  shows  an  advantage  for  bituminous 
macadam  from  Stas.  o  to  26  and  for  cement  concrete  from  Stas. 
26  to  48. 

Comparison,  Stas.  o  to  26 


Type 

Estimate 
cost  of 
pave- 
ment, 
square 
yards 

Yearly 
interest 
on  con- 
struction 
square 
yards 

Yearly 
mainte- 
nance, 
square 
yards 

Renewal, 
square 
yards 

Motor 
opera- 
tion 

Total 
yearly 

cost, 
square 
yards 

Bituminous 
macadam  .  .  . 

Cement  con- 
crete   

$1 .60 
2  .70 

$0.08 
0.135 

$0,035 
0  .01 

$0.12 
0. 14 

$0,015 
0.00 

$0.25 
0.285 

Comparison, 

Stas.  26  to  48 

Esti- 

Yearly 

Yearly 

mated 

interest 

mainte- 

Renewal, 

Total 

cost  of 

on  con- 

nance, 

square 

Motor 

yearly 

Type 

pave- 

struc- 

square 

yards 

opera- 

cost, 

ment, 

tion, 

yards 

(Table 

tion 

square 

square 

square 

(Table 

16) 

yards 

yards 

yards 

16) 

Bit u mi  nous 

macadam .  .  . 

$1 .90 

$0,095 

$0.05 

$0.16 

$0.03 

$0,335 

Cement      con- 

crete   

2  .70 

0.135 

0  .01 

0 .  14 

0.00 

0.285 

Asphalt      con- 

crete   

310 

0.155 

0.02 

0.15 

0  .00 

0.32S 

Brick 

4. 10 

0.205 

0.015 

0.13 

0.00 

0.350 
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While  these  analyses  of  final  cost  have  some  bearing  on  type 
selection,  it  is  very  evident  from  the  small  differences  in  total  final 
cost,  which  are  in  many  cases  invalidated  by  poor  construction  or 
maintenance  procedure,  that  type  selection  is  more  affected  by  the 
necessities  of  the  situation  expressed  in  terms  of  limitation  of  funds, 
initial  cost  of  construction,  and  local  preferences  for  certain  types 
than  it  is  by  total  final  yearly  cost;  that  is  reasonable  maximum 
and  minimum  expenditures  for  construction  in  a  given  case  should 
be  based  on  common  sense  rather  than  solely  on  an  analysis  of  this 
nature. 

8.  Reasonable  Maximum  and  Minimum  Expenditures  and  Recom- 
mended Design,  Considering  Both  Technical  and  Non-technical 
Factors. — In  deciding  on  maximum  and  minimum  expenditures, 
both  direct  reduction  in  motor  operation  cost  and  indirect  intangible 
community  benefits  are  considered.  In  computing  the  direct 
saving  due  to  the  improvement  i  ct.  per  ton-mile  is  a  common 
allowance  (see  p.  14)  of  the  value  of  our  proposed  pavement 
improvements.  No  allowance  is  made  for  minor  differences  between 
modern  macadams  or  rigid-base  pavements.  To  convert  this 
direct  yearly  saving  into  permissible  construction  cost,  multiply 
the  total  yearly  saving  in  motor  operation  cost  by  10.  This  pro- 
cedure is  based  on  maintenance  and  renewal  records  (Table  16) 
which  show  that  the  total  }'early  cost  including  interest  on  first  cost, 
maintenance  and  renewal  depends  more  on  volume  of  traffic  than 
on  type  of  pavement  within  the  general  classes  of  traffic  adopted 
and  that  it  amounts  to  from  8  to  11%  of  the  initial  cost  of 
construction. 

On  this  basis  Table  7  (p.  15)  was  derived.  This  table  gives  a 
reasonably  close  basis  for  estimating  permissible  average  maxi- 
mum expenditures  based  on  travel  cost  saving  due  to  pavement 
construction.  To  get  the  total  permissible  cost,  add  the  value  of 
grading  and  relocation  to  the  pavement  benefit. 

Intangible  general  community  benefits  are  more  indefinite. 
Intangible  benefits  are  expressed  in  terms  of  a  rise  in  the  general 
living  standards  of  the  community  and,  while  they  cannot  be  given 
an  exact  money  value,  a  very  definite  idea  of  the  types  of  road 
which  must  be  constructed  in  order  to  obtain  these  benefits  is 
derived.  General  community  benefits  can  be  obtained  by  what 
are  called  general-utility  highways,  which  permit  year-round  travel 
for  the  normal  business  of  the  community  with  moderate  comfort 
and  with  excessive  maintenance  cost  (see  p.  6). 

Extreme  refinements  of  grade  or  pavement  surface  which  bring 
motor  operation  cost  to  a  minimum  are  no  factor  for  such  roads. 
General-utility  roads  include  all  types  of  pavement,  depending  on 
the  volume  of  traffic,  and  cost  from  $3000  to  $60,000  per  mile  exclu- 
sive of  bridges  and  grade-crossing  eliminations.  The  usual  costs  for 
different  volumes  of  traffic  are  given  in  Fig.  3  (p.  16).  These  costs 
are  minimum  permissible  expenditures  for  any  particular  road  and 
control  expenditure  where  the  direct  reduction  in  travel  cost  does 
not  permit  an  increase  over  these  amounts. 
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To  illustrate  definitely  the  application  of  these  principles,  two 
examples  are  given,  the  first  from  official  report  on  Road  1392,  and 
the  second  from  Mt.  Morris  village. 

Example  1.  Road  1392.  "Reasonable  Maximum  Expenditure. — Rea- 
sonable expenditures  based  on  reduction  in  traffic  operation  cost  can  be 
estimated  approximately  as  follows: 

"Grade  reduction  value  (Art.  3  of  this  report,  see  p.  58)  is  estimated 
at  not  to  exceed  $18,000. 

"  Pavement  value  is  roughly  estimated  as  follows:  The  old  existing  road  is 
a  narrow  gravel  road  in  fairly  good  condition;  the  new  pavement  will  not 
probably  reduce  the  cost  of  operation  over  1  ct.  per  vehicle  mile,  but  it  will 
add  materially  to  the  safety  and  convenience  of  operation,  which  are  classed 
as  intangible  benefits.  Actual  reductions  in  operation  cost  (see  Table  7) 
will  not  probably  justify  construction  expenditures  of  over  $16,000  per  mile 
for  500  vehicles  daiiy,  or  a  total  of  approximately  $60,000  for  the  entire  length 
of  this  road.  The  total  maximum  economic  value,  including  grading  and 
pavement,  does  not  probably  exceed  $75,000.  Any  expenditure  over  this 
amount  must  be  charged  to  convenience,  pleasure,  and  other  desirable 
intangible  benefits. 

"This  indicates  that  caution  should  be  exercised  in  running  the  cost  up 
needlessly. 

"Total  estimated  construction  costs  for  different  widths  of  different 
types  are  tabulated  below: 


Type  of 
pavement 

Widths  of  pavement 

8' 

10' 

12' 

14'             .16' 

18' 

Water  macadam . 
Bituminous  mac- 
adam  

Cement  concrete . 

$70,000 

73,000 
85,000 

$78,000 

80,000 
96,000 

$  85,000 

88,000 
108,000 

$  99,000 

94,000 
116,000 

$  99,000 

102,000 
128,000 

$105,000 

109,000 
.    138,000 

"  In  order  not  to  exceed  the  economic  limit  of  $75,000  based  on  reduction 
of  travel  cost,  we  would  be  limited  to  a  io'  width  of  water-bound  macadam 
oiled.  A  pavement  as  narrow  as  this  is  not  in  accord  with  our  general 
policy,  which  limits  the  width  to  16',  on  the  score  of  intangible  benefit  where 
the  proposed  road  will  at  times  carry  detour  traffic  of  a  main  route. 

"We,  therefore,  recommend  the  use  of  16'  width  of  bituminous  macadam, 
estimated  to  cost  $100,000.  This  recommendation  seems  to  be  warranted, 
as  this  type  will  satisfy  traffic  demands  without  running  the  construction 
cost  up  needlessly  and  without  increasing  the  total  final  cost  of  road,  includ- 
ing maintenance,  renewal,  and  motor  operation  over  and  above  the  final 
cost  from  the  use  of  a  more  expensive  first-cost  pavement. 

"Remarks. — Actual  procedure  on  this  road  was  as  follows:  Plans  were 
first  prepared  for  cement  concrete  pavement.  Before  these  were  let,  the 
administration  changed  and  the  plans  were  revised  for  bituminous  macadam, 
7"  boulder  base,  3"  imported  slag  middle  course,  and  2%"  imported  lime- 
stone top;  engineer's  estimate  of  cost,  $123,000.  This  road  was  constructed 
on  this  basis  for  $102,000  actual  contract  cost;  the  pavement  proper  cost 
$65,000,  or  approximately  $1.75  per  square  yard.  This  final  solution  was  an 
improvement    over    the    first    plans.     A   careful    engineering    design    could 

Erobably  have  decreased  the  cost  at  least  $8000  to  $10,000  as  shown  in  the 
ody  of  this  report  by  a  more  complete  utilization  of  local  materials  and  more 
variation  in  depth  to  meet  varying  soil  conditions  and  a  somewhat  more 
economical  grading  design." 

Example  2.  Mt.  Morris  Village  (see  p.  69). — "From  the  standpoint  of 
both  original  and  final  cost  there  is  a  every  evident  advantage  for  macadam 
from  Stas.  o  to  26.  The  local  people  have  no  particular  preference  as  to  the 
type  of  pavement  for  this  portion  of  the  road.  Local  preference  would  be 
the  only  factor  entitled  to  modify  decisions  based  on  the  cost  analysis,  pro- 
vided the  additional  cost  is  paid  locally.  As  this  factor  need  not  be  con- 
sidered, we  recommend  bituminous  macadam  pavement  from  Stas.  o  to  26. 
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"From  Stas.  26  to  48,  local  preference  must  be  considered.  The  village 
proposes  to  pay  the  additional  cost  introduced  by  such  preference  as  to  type 
and  extra  width  desired.  Under  these  conditions  the  cost  analysis  is  of 
value  only  as  indicating  proper  state  cooperation.  Article  10  gives  alternate 
total  estimates  of  cost  to  enable  the  village  to  come  to  a  reasonable  decision 
as  to  the  type  they  will  ask  for." 

Recommended  State  and  County  Cooperation  Based  on  Final  Cost  (Art.  7). — 
"The  state  would  be  justified  in  limiting  their  cooperation  to  the  cost  of  a 
16'  bituminous  macadam  pavement  from  Stas.  o  to  26  and  an  18'  reinforced 
concrete  pavement  from  Stas.  26  to  48  and  880  to  883  plus  with  ordinary 
surface-drainage  provisions.  This  would  amount  to  approximately  $35,000. 
This  is  not  an  excessive  amount  if  the  funds  are  available  (see  Table  7), 
considering  the  volume  of  traffic  served  (about  1500  daily). 

"I  understand  the  rules  of  the  Department  limit  cooperation  to  the  con- 
struction of  a  16'  road  of  the  same  type  already  constructed  outside  of  the 
village.  This  rule  would  limit  cooperation  to  a  16'  bituminous  macadam 
which  would  cost  approximately  $30,000  for  this  locality.  Under  these 
circumstances  it  seems  desirable  to  set  the  cooperation  at  $30,000. 

"Remarks. — Actual  procedure  on  this  road  was  as  follows:  The  contract 
was  let  for  reinforced  cement  concrete  pavement  from  Stas.  o  to  26  and  the 
brick  pavement  from  Stas.  26  to  48,  the  local  people  paying  the  excess  cost 
over  and  above  the  state  fund  limit  advised  in  the  foregoing  report.  This 
was  a  rational  solution,  considering  local  preference  and  willingness  to  assume 
added  cost." 

These  examples  complete  the  description  of  procedure  and  the 
practical  part  that  economics  play  in  design.  The  discussion  shows 
quite  plainly  that  economic  analyses  are  desirable  but  that  they  are 
only  one  element  in  the  decision. 

Conclusion  of  Chapter. — This  chapter  may  be  briefly  summarized 
as  follows: 

1.  From  the  standpoint  of  economic  return  on  road  investments, 
it  is  desirable  to  limit  the  type  of  improvements  to  standards  of 
general  utility  until  a  general  system  has  been  accomplished,  partic- 
ularly if  the  program  is  financed  by  a  general  tax  levy. 

2.  Efficient  maintenance  of  both  the  old  existing  roads  and  the 
new  improved  roads  is  the  only  possible  means  of  giving  moderately 
good  general  traffic  service  within  a  reasonable  time. 

3.  It  is  probably  desirable  in  most  cases  to  begin  by  concentrating 
effort  and  at  least  50%  of  the  total  available  highway  expenditure 
on  a  rapid  construction  program  for  certain  main  roads  constituting 
say,  from,  5  to  15%  of  the  total  road  mileage.  Such  roads  should, 
if  possible,  be  built  up  to  truly  economic  engineering  standards  of 
general  utility. 

4.  After  this  is  accomplished,  it  generally  seems  desirable  to 
raise  the  standard  of  the  entire  balance  of  the  system  as  can  best 
be  done.  This  may  require  low,  makeshift  engineering  standards 
of  pavement  design  for  the  first  stages  of  improvement,  depending 
entirely  on  the  financial  strength  of  the  district.  Under  a  reason- 
able tax  distribution  it  is  generally  possible  to  improve  the  system 
gradually  by  successive  stages  up  to  the  standards  of  general  utility, 
provided  traffic  is  subjected  to  reasonable  regulation. 

5.  Unrestricted  traffic  makes  it  impossible  to  make  any  progress 
with  local  service  roads  in  the  poorer  districts,  as  the  comparatively 
light  roads  that  these  districts  are  able  to  finance  are  destroyed 
faster  than  they  can  be  built.  Rigid  traffic  regulation  on  a  rational 
basis,  depending  on  the  local  conditions,  is  a  more  positive  help  in 
local  road  improvement  programs  then  even  quite  generous  state- 
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aid  moneys.  Where  it  is  impossible  to  finance  roads  that  will 
economically  handle  heavy  trucking,  it  is  obvious  that  the  only 
solution  requires  the  elimination  of  such  units  during  the  first  stages 
of  improvement.  Even  the  first  stages  of  improvement,  however, 
should  probably  permit  the  use  of  23^-ton  trucks. 

6.  The  reasonable  distribution  of  the  tax  burden  and  sound 
methods  of  raising  construction  and  maintenance  funds  are  funda- 
mentals in  the  success  of  any  program. 

7.  The  classification  of  roads  tends  to  stabilize  procedure  through 
successive  administrations  and  tends  to  encourage  a  rational  dis- 
tribution of  funds  and  wrell-balanced  engineering  type  selection. 

8.  Sound  general  policy  in  the  matter  of  handling  growth  in 
traffic  volume  apparently  favors  the  principle  of  ultimately  distrib- 
uting traffic  over  moderate-priced  parallel  routes  rather  than  by 
concentration  on  a  few  extremely  wide  and  extremely  expensive 
highways. 

9.  Sound  general  policy  in  the  matter  of  pavement  type  seems 
usually  to  lead  to  the  use  of  flexible  pavements  for  the  earlier  stages 
of  improvement  programs,  gradually  strengthening  the  foundation 
and  improving  the  character  of  the  surface  up  to  practically  any 
standard  of  convenience,  except  for  a  very  small  percentage  of  the 
mileage  (special-service  roads),  on  which  the  outset  there  is  no 
doubt  that  the  rigid  type  of  pavement  is  the  most  economical 
investment. 

10.  The  success  of  any  program  depends  on  the  ability  of  the 
executive  to  develop  an  efficient  design,  construction,  and  mainte- 
nance organization.  In  highway  work  as  in  any  other  line  the 
whole  matter  hinges  on  personnel,  and  this  particular  phase  of  the 
problem  can  be  well  handled  only  under  a  liberal  policy  of  public 
service  salaries  and  recognition  of  ability. 

The  following  chapters  consider  the  details  of  engineering  design. 


CHAPTER  II 

LOCATION— GRADES  AND  ALIGNMENT 

Location,  grades,  and  alignment  are  the  most  permanent  elements  of 
a  highway  improvement  and  are  entitled  to  reasonable  forethought  and 
to  as  much  money  as  required  to  meet  future  engineering  requirements 
suitable  for  the  final  stages  of  improvement  of  the  road  in  question. 

LOCATION 

Selection  of  Route. — The  selection  of  route  depends  on  the  pur- 
pose of  the  road,  the  topography  between  controlling  points,  and 
the  stage  of  development  of  the  community.  Each  case  is  a  special 
problem,  but  there  are  certain  fundamental  facts  worth  considering. 
The  basis  of  decision  on  general  routes  rests  on  good  common  sense 
and  is  not  entirely  an  engineering  problem.  The  road  must  go 
where  it  will  do  the  most  good,  and  it  is  up  to  the  engineer  to  locate 
it  in  detail  along  the  general  route.  The  route  location  rests  on 
reasonable  answers  to  questions  of  the  following  nature:  Where 
will  the  road  do  the  most  good  to  develop  the  natural  resources  of 
pioneer  districts,  or  how  can  this  route  be  located  to  serve  the 
greatest  number  of  people  in  well-settled  communities,  or  how  can 
this  scenic  road  be  built  to  give  the  most  pleasure?  If  an  attempt 
is  made  to  solve  all  these  problems  strictly  on  the  basis  of  the 
shortest  distance  and  the  easiest  grades  between  terminals,  the 
engineer  would  be  in  hot  water.  Any  satisfactory  solution  con- 
siders the  broad  engineering  principles  of  short  distances,  reasonable 
grades,  and  the  smallest  amount  of  rise  and  fall,  but  the  final  deci- 
sion does  not  always  rest  on  close  analytical  ton-mile  cost  hauling 
figures.  To  illustrate:  recreational  roads  through  national  and 
state  parks  or  forests  are  usually  laid  out  to  ail ord  the  most  pleasure ; 
grades  and  distance  are  sacrificed  to  obtain  vistas,  bold  outlooks, 
and  to  reach  points  of  historical  interest  or  summer  resorts.  The 
cost  of  operating  a  car  on  such  roads  has  no  bearing  on  its  usefulness, 
and  a  location  based  on  a  close  analytical  ton-mile  hauling  cost 
would  be  merely  ridiculous.  Consider  a  national  highway  from 
New  York  to  San  Francisco.  Some  through  touring  will  occur, 
but  its  volume  is  very  light  and  the  cost  of  additional  distance  is  not 
of  any  consequence  to  this  class  of  traffic.  More  touring  will  go 
one-half  or  one-quarter  of  the  way,  but  even  this  is  of  no  great  factor 
in  comparison  with  short-distance  traffic  on  the  route.  To  \&y 
out  any  long  route  on  the  basis  of  the  shortest  distance  and  easiest 
grades  between  terminals  for  through  traffic  and  to  disregard  pass- 
ing through  or  close  to  the  most  cities  and  villages  on  the  route  are 
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evidently  poor  policies.  This  illustration  is  exaggerated  to  bring 
out  the  principle  of  route  selection  in  well-settled  communities, 
which  is,  namely:  To  pass  through  the  most  populous  areas,  and 
either  close  to  or  through  the  most  cities  and  villages  that  can  be 
consistently  done  without  too  much  additional  distance.  This 
same  principle  applies  to  state  and  to  purely  local  roads  and  may 
be  summed  up  as  direct  contact  with  the  greatest  number  of  people. 
As  the  distance  between  controlling  points  becomes  less  the 
factor  of  commercial  hauling  has  a  larger  bearing  on  the  selection  of 
route  until  a  point  is  reached  where  the  engineering  requirements 
of  location  govern  the  selection.  That  is,  a  reasonably  low  ton- 
mile  hauling  cost  governs  the  short  integral  parts  of  any  long-route 
location.  At  the  present  time  (1926),  motor  freight  hauling  in 
competition  with  railroads  is  rarely  economical  for  a  distance  of 
over  80  to  100  miles  between  terminals.  This  limit  will  probably 
fluctuate,  but  it  is  not  likely  to  increase  much,  and  for  the  time  being 
it  does  not  seem  desirable  to  permit  the  factor  of  long-distance 
motor  freight  hauling  to  influence  the  selection  of  routes  between 
large  cities  directly  connected  by  rail  over  100  miles  apart.  Where 
large  cities  are  located  closer  than  this,  and  there  is  a  large  volume  of 
heavy  motor  hauling,  it  is  possibly  better  to  save  distance  by  omit- 
ting some  of  the  local  service.  Where  large  cities  are  isolated,  heavy 
trucks  rarely  operate  to  outlying  towns  farther  than  30  to  40  miles. 
Take  a  definite  instance  to  illustrate  this  principle  (see  Fig.  10, 
p.  75).  Rochester,  N.  Y.,  a  city  of  about  280,000  population,  is 
located  80  miles  from  Buffalo,  a  city  of  approximately  400,000 
people.  The  first  state  route  completed  between  these  cities  is 
shown  in  Fig.  10  as  far  as  Batavia,  a  city  of  14,000  people,  and  is 
designated  on  this  map  as  Route  A.  This  route  was  laid  out  in 
conjunction  with  state  Route  6,  the  main  east-and-west  route,  on 
the  principle  of  local  service,  and  it  has  served  very  satisfactorily 
for  through  traffic  also.  From  the  standpoint  of  through  traffic 
between  Rochester  and  Buffalo,  the  route  marked  B  on  the  map 
(Fig.  10)  is  the  logical  route  and  this  will  undoubtedly  be  built  in 
the  near  future.1  That  is,  experience  indicates  that  it  is  better  to 
care  first  for  the  local  service  and  then  in  the  future,  as  traffic 
requires  it,  build  new  routes  or  partially  relocate  old  routes  for  the 
further  advantage  of  long-distance  travel.  A  comparison  of  these 
two  routes  between  Rochester  and  Batavia  follows  and  shows  the 
distinct  advantage  of  Route  B  from  the  standpoint  of  through 
travel  and  of  Route  A  for  local  service. 

Route  A  Route  B 

Length,  miles 37  31 

Total  rise  and  fall,  feet 1850  1400 

Number  of  railway  shipping  points  served        15  9 

Total  railroad  crossing 13  4 

Railway  grade  crossings 9  1 

Overhead  or  subway  railway  crossings ...  4  3 

To  give  an  idea  of  the  traffic  on  this  route  in  19 19  the  following 
census  (average  10-hr.  count  in  summer  season)  is  shown  at  different 
points : 
*  Route  B  completed  in  1926. 
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Horse  traffic 


i  horse     2  horses 


Motors 


Cars      Trucks 


Total 


Between  Rochester  and 
Scottsville 

Between  Scottsville  and 
Caledonia 

Between  Caledonia  and 
Le  Roy 

Between  Le  Roy  and  Batavia 


30 

70 

85 
15 


30 

40 

65 
10 


850 

700 

1600 
1200 


100 
no 
180 


IOIO 

920 


1930 
1310 


As  an  additional  point  of  interest,  the  new  proposed  through 
Route  B  from  Bergen  to  Batavia  fails  to  pass  through  two  small 
settlements  Byron  and  South  Byron,  because  it  would  be  necessary 
to  use  2  miles  extra  distance  for  this  local  service — that  is,  Route  B 
primarily  considers  through  service.  These  villages  can  be  served 
by  a  stub  line.  It  is  often  desirable  to  by-pass  villages  and  even 
certain  cities  on  through  routes  on  account  of  traffic  congestion  and 
the  annoyance  and  danger  of  a  large  volume  of  high-speed  traffic 
in  the  communities  in  question.  These  places  can  be  served  by  stub 
lines  or  supplementary  loops.  As  a  rule,  villages  desire  to  have  the 
main  roads  pass  directly  through  them  on  account  of  the  state  aid 
for  their  street  paving  and  the  additional  business  derived  from 
traffic,  but  the  last  feature  does  not  amount  to  much  unless  they 
happen  to  be  so  located  on  the  line  that  the  traffic  would  naturally 
stop  for  some  reason. 

Pioneer  Location. — To  give  an  idea  of  the  factors  entering  into 
the  selection  of  routes  in  mountain  districts,  an  example  will  be  cited 
from  Colorado,  namely,  the  Bardine-Redstone  road  through  the 
Sopris  National  Forest.  This  road  was  selected  for  improvement 
and  advanced  in  order  of  construction  by  the  U.  S.  Forest  Service 
for  the  following  reasons :  An  examination  of  the  map  will  show  that 
by  a  short  road  about  30  miles  long  over  McClure's  Pass  the  Carbon- 
dale  and  Paonia  valleys  can  be  directly  connected.  Without  this 
road,  it  took  a  day's  travel  by  rail  to  get  from  Carbondale  to 
Somerset.  The  second  reason  for  the  road  was  to  open  up  a  prom- 
ising farming  section  along  the  upper  Blackwater,  which  had  here- 
tofore been  confined  to  a  cattle  and  sheep  range  on  account  of  the 
impossibility  of  getting  produce  to  the  railroads.  By  the  construc- 
tion of  moderatlely  low-cost  natural-soil  road  on  a  5  or  6%  grade 
over  the  low  pass  3000'  above  the  valleys,  intercommunication  and 
new  territory  could  be  developed  and  a  clay's  time  in  travel  saved 
between  two  flourishing  sections. 

The  foregoing  discussion  indicates,  in  a  general  way,  some  of  the 
factors  governing  route  selection. 

Engineering  Location. — A  good  detail  location  along  the  required 
general  route  results  in  the  most  effective  road  for  the  traffic  that 
can  be  obtained  for  the  available  funds.  Desires  for  perfection  are 
controlled  by  the  limitations  of  the  community  pocketbook.     It  is 


78  LOCATION— GRADES  AND  ALIGxNMENT 

obviously  desirable  to  obtain  short  distance,  easy  alignment,  reason- 
able grades  and  to  avoid  locations  which  call  for  extremely  expensive 
construction,  such  as  rock  work,  flood,  areas,  etc.  It  is  obviously 
desirable  to  avoid  locations  where  snow  drifts  badly  or  fails  to  melt 
promptly  in  the  spring,  as  the  number  of  days  in  a  year  that  a  road 
is  open  has  a  large  effect  on  its  usefulness.  It  is  obviously  desirable 
to  avoid  needless  railroad  grade  crossings.  A  summary  of  the 
engineering  principles  of  location  is  given  on  page  81. 

Extreme  Refinements  Impracticable. — An  economic  engineering 
location  for  commercial  roads  might  be  theoretically  developed  on 
the  lowest  ton-mile  hauling  cost  to  traffic.  Practically,  it  is  not  yet 
reasonable  to  do  this  in  many  cases  for  the  ordinary  highway,  and 
the  reasons  for  disregarding  this  factor  as  the  deciding  element  seem 
sound.  Railroads  have  spent  large  sums  to  reduce  the  ton-mile 
cost  and  in  their  location  the  engineers  make  extremely  careful 
comparative  estimates  of  construction  cost  against  operating  cost. 
They  consider  the  elements  of  shorter  distance,  curvature,  light  and 
heavy  grades,  etc.  Many  railroad  engineers  wonder  why  these 
considerations  are  not  given  more  weight  on  highway  work,  con- 
sidering the  increase  in  mechanical  transport.  One  of  the  evident 
reasons  is  that  railroads  get  a  direct  tangible  money  return  in 
dividends  for  their  expenditure,  and  the  return  to  the  community 
on  a  public-road  investment  is  too  intangible.  As  a  matter  of 
interest,  however,  Tables  5  and  6  (p.  1 2)  give  approximate  relation 
to  distance,  rise,  and  time  as  it  affects  operating  costs.  These  data 
have  been  used  by  the  author  for  some  time  as  a  basis  for  judgment 
in  the  comparison  of  lines. 

It  is  undoubtedly  true  that,  to  get  the  full  value  of  an  improved 
road  system,  the  engineering  location  must  be  made  for  the  most 
efficient  use  of  motor  transport,  but  at  the  present  time  there  is  no 
possibility  of  obtaining  or  any  justification  for  spending  extremely 
large  sums  to  reduce  the  hauling  cost  below  that  obtained  by  the 
usual  modern  highway  design.  If  truck  owners  provided  unlimited 
funds,  a  careful  analysis  would  be  justified  on  special  commercial 
roads,  but  the  following  facts  must  be  considered:  the  location  of 
roads  in  well-settled  districts  are  practically  confined  to  existing 
rights  of  way  except  for  minor  relocations  to  avoid  extreme  grades 
or  for  safety  reasons.  These  rights  of  way  were  not  necessarily 
laid  out  with  any  regard  to  economic  road  location  and,  in  fact, 
were  often  arbitrarily  fixed  by  land  section  lines  or  locations  where  a 
poor  road  could  be  constructed  in  the  past  without  much  labor  or 
cost.  The  cost  of  new  rights  of  way  for  entire  new  locations  and  the 
difficulties  of  acquiring  are  prohibitive  at  this  stage  of  development 
in  road  building  except  for  unusual  cases.  The  improved  roads  of 
today  are  only  a  progressive  stage  in  the  development  of  highway 
transport.  The  demand  for  them  and  the  satisfaction  in  their  use 
lie  mainly  in  the  fact  that  they  provide  a  firm  surface  which  can 
be  used  the  year  round,  that  they  materially  cheapen  the  cost  of 
hauling,  and  that  they  make  the  use  of  light  automobiles  feasible 
for  long  and  fast  trips.  The  community  is  willing  to  pay  a  certain 
amount  for  the  improvement  in  road  conditions  which  the  usual 
practice  in  modern  road  construction  gives,  but  it  is  not  willing  to 
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pay  large  additional  sums  for  further  reduction  in  ton-mile  hauling 
costs.  In  the  first  place,  only  a  comparatively  few  men  would  get  a 
direct  benefit  from  such  expenditure.  The  indirect  return  to  the 
community  is  too  intangible.  Much  of  the  road  traffic  is  pleasure 
traffic,  and  a  few  more  gallons  of  gas  mean  nothing.  If  the  owner 
did  not  spend  his  surplus  for  gas,  he  would  spend  it  for  ice- 
cream soda  or  the  movies.  There  seems  to  be  no  way  of  making 
the  few  road  users  who  would  benefit  by  a  further  reduction  in 
hauling  cost  pay  the  price  of  the  necessary  construction.  It  may 
be  that  for  certain  toll  roads  some  time  in  the  future  or  for  excep- 
tional cases  in  metropolitan  districts  a  ton-mile  cost  location 
analysis  could  be  used,  but  as  yet  this  standard  is  too  high  for  the 
usual  road. 

This  does  not  mean  that  the  engineer  should  not  make  an  effort 
to  get  the  best  possible  location  that  he  can,  but  he  should  bear  in 
mind  that  the  first  principle  of  general  policy  considering  a  compre- 
hensive road  system  is  mileage  service,  and  aim  to  keep  cost  to  a 
reasonable  minimum  in  order  to  get  the  greatest  mileage  of  road 
that  will  serve  the  purposes  of  the  great  majority  of  road  users. 
For  all  roads  except  special-sendee  commercial  roads  probably  90% 
of  the  traffic  does  not  demand  nor  would  it  be  particularly  benefited 
by  excessive  refinements.  Poor  grade  or  alignment  should  never 
be  used  on  high-class  roads,  as  they  are  the  fundamental  features 
of  the  improvement  and  the  only  permanent  features  of  construc- 
tion. Liberal  expenditures  are  justified,  but  there  is  a  limit  to 
expenditures  for  refinements  that  reduce  mechanical  operating  costs 
to  a  minimum.  The  detail  analysis  of  grade,  alignment,  section 
etc.  given  in  Chap.  II  and  III  are  intended  to  bring  out  the  require- 
ments of  road  design  that  are  necessary  for  the  satisfaction,  safety, 
comfort,  and  comparative  cheap  hauling  requirements  of  the  average 
road  users.  These  are  the  fundamentals  which  must  be  provided. 
Additional  refinements  beyond  the  fundamental  requirements  are 
desirable  if  the  funds  are  available  from  the  proper  sources.  By  the 
"proper  sources"  is  meant  the  actual  road  users  benefited  by  the 
additional  cost  of  construction. 

Saving  in  distance  is  valuable;  saving  in  total  rise  is  valuable; 
easy  grades  and  the  elimination  of  sharp  curves  are  desirable. 
Every  effort  is  made  to  accomplish  these  results,  utilizing  the 
existing  roads  where  it  is  necessary,  making  minor  relocations  to 
avoid  extreme  grade  or  danger  because  the  sentiment  of  the  com- 
munity approves  these  measures,  but  always  bearing  in  mind  that 
today  and  for  a  long  time  to  come  mileage  is  the  prime  requisite  of 
programs.  It  is  possible  in  the  sparsely  settled  communities  to  make 
better  engineering  locations,  as  far  as  right-of-way  handicap  is  con- 
cerned, but  in  these  districts  shortage  of  funds  often  plays  havoc 
with  intentions. 

Value  of  Saving  Distance  and  Rise. — It  is  well  to  bear  in  mind 
what  distance  saving  is  worth  and  what  a  saving  in  total  rise  is 
worth.  The  data  given  are,  of  course,  of  only  general  value,  as 
the  fluctuating  cost  of  motor  operation,  the  types  of  hauling,  and 
special  conditions  of  all  sorts  affect  the  figures.     They,  however. 
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show  in  a  general  way  that  it  is  well  worth  while  to  reduce  traffic 
losses  arising  from  these  elements  of  needlessly  poor  location  or 
design. 

A.  R.  Hirst  gives  the  following  conservative  figures  on  the  value 
of  saving  distance: 

"If  the  very  conservative  sum  of  10  cts.  per  mile  is  allowed  for  each  mile 
of  travel  saved,  the  saving  of  a  mile  in  distance  on  highways  carrying  the 
following  average  number  of  vehicles  per  day  will  save  the  traveling  public 
the  given  amount  per  year,  which  is  the  interest  at  5  %  on  the  amount  given 
in  the  third  column." 

Table  17. — Value  of  a  Mile  in  Highway  Distance  Saved 


Average  number  of 

Saving  to  owners 

Saving  capitalized  at 

vehicles  per  day 

per  year 

5  %  equals 

100 

$     3,650 

$      73,ooo 

250 

9,125 

182,500 

500 

18,250 

365,000 

750 

27,375 

547,500 

1,000 

36,500 

730,000 

2,000 

73,ooo 

1,460,000 

S.ooo 

182,500 

3,650,000 

10,000 

365,000 

7,300,000 

The  value  of  eliminating  rise  cannot  be  figured  with  any  degree  of 
accuracy,  as  there  are  too  many  indeterminate  and  variable  factors, 
but  in  the  authors'  opinion  it  is  not  likely  that  the  capitalized 
value  of  saving  in  yearly  operation  due  to  eliminating  1 '  of  rise  and 
fall  per  100  vehicles  per  day  on  long  routes  will  exceed  $60  on  light 
grades  or  $400  on  heavy  grades.  For  small  grading  reductions  on 
short  hills  the  time  factor  is  of  no  consequence  and  the  practical 
value  of  saving  a  foot  rise  and  fall  is  not  probably  more  than  one- 
third  of  these  figures. 

It  is  very  evident  that  considerable  expenditure  is  justified  to 
reduce  distance  and  rise,  but  it  is  also  evident  that  it  would  be 
impracticable  to  carry  this  method  of  location  to  its  logical  conclu- 
sion by  expenditures  in  any  way  approximating  the  figures  given. 
That  is,  the  location  of  a  free  public  road  financed  by  a  general  tax 
with  no  direct  revenue  return  can  hardly  be  analyzed  from  the  same 
point  of  view  as  a  trunk-line  railroad. 

Relocations  of  Existing  Highways. — Everyone  would  prefer  to 
have  scientifically  located  highways.  A  great  many  engineers 
believe  that  the  time  has  come  to  make  extensive  relocations.  It  is 
self-evident  that  relocations  which  reduce  the  construction  cost  of 
the  proposed  road  as  well  as  reduce  motor  operation  costs  should  be 
made  at  once.  It  is  surprising  how  often  even  such  relocations  are 
not  made,  and  it  is  desirable  to  impress  on  the  men  in  charge  of 
surveys  that  they  should  continually  bear  in  mind  the  necessity  of 
such  relocations  and  not  feel  that  they  must  follow  the  present  road 
lines  where  these  conditions  prevail.  There  seems  to  be  no  question 
that  expenditures  for  relocations  necessary  to  obtain  reasonably 
good  grades  and  alignment  are  justified  at  the  present  stage  of  road 
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programs,  but  it  is  believed  that  extensive  relocations  involving 
excessive  refinements  must  be  gradually  worked  out  except  for 
a  few  extreme  cases  and  that  practically  it  will  be  easier  to  accom- 
plish and  fairer  to  the  general  public  to  do  most  of  this  work  under 
reconstruction  programs  financed  by  direct  vehicle  taxes  rather 
than  to  attempt  it  at  this  time  in  the  first  stage  of  improvement.1 

In  case  a  relocation  is  necessary,  no  halfway  measures  should 
be  allowed.  In  too  many  cases  even  on  fairly  important  state  roads 
in  rich  communities  relocations  have  been  made  on  the  basis  of  9% 
grades  when  it  was  perfectly  possible  to  get  7%  or  less.  Halfway 
treatments  of  this  kind  are  worse  than  nothing. 

To  illustrate  present  practice  on  relocations,  the  following  quota- 
tion from  the  Iowa  Highway  Department  " Field  Manual"  is 
given.  The  limiting  grade  of  6%  mentioned  does  not  agree  with 
the  recommendation  given  on  page  105,  but  the  general  scope  of  the 
data  strengthens  the  discussion  at  this  point. 

Relocation.2 — "Where  the  topography  is  flat  or  gently  rolling  the  profiles 
readily  lend  themselves  to  satisfactory  grades  at  a  moderate  cost,  and 
relocations  to  any  extent  are  seldom  necessary.  But  in  the  rougher  country, 
relocations  will  frequently  be  necessary  and  the  field  man  must  constantly 
watch  for  opportunities  to  Setter  the  alignment,  avoid  steep  hills,  or  improve 
stream  crossings  by  relocations.  The  necessity  for  or  advisability  of 
relocating  must  always  be  balanced  against  the  cost,  and,  in  general,  it  is 
true  that  a  proposed  change  of  any  magnitude  is  advisable  only  when  it  can 
be  shown  that  such  change  will  be  economical  or  will  produce  a  decidedly 
better  road.  It  is  therefore  important  that  the  cost  of  relocation  be  thor- 
oughly investigated.  In  this  connection  the  field  man  must  remember  to 
take  into  consideration  the  various  improvements  along  the  existing  road, 
such  as  farm  buildings,  orchards,  permanent  bridges  and  culverts,  heavy 
cuts  and  fills,  etc. 

"The  following  instructions  should  be  followed: 

"a.  In  all  cases  where  it  appears  that  an  excessive  amount  of  earthwork 
will  be  required  to  reduce  the  present  road  to  6%  grades,  the  possibility 
of  relocations  to  reduce  grades  to  6  %  or  less  shall  be  fully  investigated. 

"  b.  In  cases  where  there  is  a  succession  of  graAr-3  which  may  be  reduced 
to  5  or  6%,  but  which  cannot  be  reduced  below  that  figure  without  con- 
siderable work,  the  question  of  relocation  should  be  fully  investigated. 

"c.  In  case  of  doubt  as  to  the  feasibility  of  any  relocation,  a  survey 
should  always  be  made. 

"d.  In  all  cases  where  relocations  are  surveyed  a  survey  shall  be  made 
on  the  old  road  also. 

"  e.  In  the  case  of  minor  relocations  the  margins  of  the  old  roadway 
should  always  be  shown  by  a  sketch  indicating  the  old  roadway  by  dotted 
lines,  and  by  data  in  the  cross-section  notes.  In  such  cases  the  survey  of  the 
old  road  may  consist  only  of  extending  the  cross-sections  over  the  same. 

"/.  The  notes  shall  show  which  location  is  to  be  used  or  shall  state  that 
the  determination  of  which  route  to  follow  cannot  be  made  until  the  notes 
are  worked  up  in  the  office.  The  chief  of  party  shall  enter  this  notation  in 
the  field  notes  after  consultation  with  the  district  engineer." 

Summarized  Principles  of  Location. — Climatic,  drainage,  and 
soil  conditions  govern  a  location  in  respect  to  avoiding  bad  snow 
conditions,  flood  areas,  needless  stream  crossings,  needless  railroad 
grade  crossings,  slide  or  swamp  formations,  and  excessive  rock  work. 
The  general  requirements  of  line  and  grade  discussed  in  this  chapter 
are  summarized  as  follows:  the  various  principles  are  repeated 
conversely  under  the  headings  of  Grade,  Alignment,  Distance, 
Rise  and  Fall,  and  Cut  and  Fill  Grade  Reductions. 

1  See  pp.  12,  13  for  an  approximate  basis  of  comparing  the  value  of 
alternate  location. 

1  "Field  Manual,"  Iowa  Highway  Dept. 
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1.  Reasonable  maximum  grades  are  essential.  Recommended 
reasonable  rates  for  various  kinds  of  roads  are  given  on  page  105.  The 
following  treatment  is  allowable  to  get  a  reasonable  maximum: 

a.  Any  expenditure  necessary. 

b.  Distance  may  be  increased  in  order  to  get  a  reasonable  maxi- 
mum grade,  but  should  not  be  increased  for  a  fixed  rise  to  reduce 
grades  below  a  reasonable  maximum. 

c.  Poor  alignment  may  be  used  if  necessary  to  get  a  reasonable 
maximum  grade  if  funds  are  low,  but  poor  alignment  should  never 
be  introduced  to  reduce  grades  below  a  reasonable  maximum. 
Where  poor  alignment  is  necessary,  maximum  rates  must  be  reduced 
at  the  danger  points  (see  p.  117). 

d.  For  a  fixed  rise  and  distance,  it  is  generally  better  to  use  a 
short-length  of  reasonable  maximum  and  the  balance  of  the  distance 
a  low  rate  than  to  use  a  uniform  moderate-rate  grade  for  the  entire 
distance;  this  is  not  strictly  in  accord  with  the  principles  of  cheap 
motor  operation  (Table  6,  p.  12),  but  the  net  practical  results 
are  generally  better.  This  means  that,  if  a  road  is  running  up  a 
valley  on  an  easy  grade  and  must  leave  the  bottom  land  and  climb 
on  a  side-hill  location  to  reach  a  pass,  it  is  generally  better  to  make 
the  climb  as  short  in  distance  as  possible,  as  a  side-hill  location 
usually  introduces  poor  alignment  and  generally  increases  the 
excavation  per  mile  over  a  valley  location. 

2.  Alignment  shoidd  be  made  as  safe  as  possible  considering  the 
funds  available.  Safety  of  traffic  governs  alignment  practice.  Cost  oj 
traffic  operation  has  no  practical  effect. 

a.  Good  alignment  should  never  be  sacrificed  to  reduce  grades 
below  a  reasonable  maximum  (for  safe  alignment  practice  see  p.  1 20) . 

b.  Good  alignment  may  be  sacrificed  to  get  a  reasonable  maxi- 
mum, but  this  condition  necessitates  the  reduction  of  grade  at  the 
danger  points  (see  p.  117). 

c.  Improved  alignment  warrants  increased  distance  only  when 
danger  is  eliminated.  Increased  distance  is  not  warranted  merely 
to  make  an  easy  curve  easier. 

d.  It  is  better  to  use  a  steeper  grade  (up  to  a  reasonable  maximum) 
with  good  alignment  than  to  use  poor  alignment  and  a  lower  rate. 

e.  Exceptionally  good  alignment  (practically  straight)  may  in 
some  cases  warrant  an  increase  in  the  reasonable  maximum  grade 
above  the  rates  recommended  on  page  105.  This  modification 
would  not,  however,  apply  unless  it  was  impossible  to  locate  and 
grade  the  lower-rate  location  so  that  the  sight  distance  in  it  was  at 
least  250'  and  grades  over  8%  are  the  source  of  many  accidents 
even  where  the  alignment  is  straight. 

/.  An  alignment  and  grading  design  which  results  in  a  sight 
distance  of  250  to  350'  is  safe  and  desirable,  but  large  expenditures 
to  increase  still  further  the  sight  distance  must  be  used  with  caution 
unless  the  funds  are  practically  unlimited.  Increase  in  maximum 
grade  above  the  recommended  maximum  in  order  to  increase 
sight  distance  above  250  to  300'  is  rarely  warranted. 

3.  Short  distance  is  desirable,  provided  considerations  of  safety, 
rise  and  fall,  or  reasonable  maximum  grades  do  not  modify  the 
conclusions. 
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a.  Distance  may  be  increased  to  reduce  danger  by  better  align- 
ment at  bridge  approaches,  railroad  crossings,  or  to  avoid  difficult 
topography.  Recommended  minimum  radius  of  curvature  are 
given  on  p.  120. 

b.  Distance  should  be  increased  to  get  a  reasonable  maximum  for 
a  fixed  rise,  but  rarely  to  reduce  the  grade  below  a  reasonable  maxi- 
mum for  a  fixed  rise. 

c.  Distance  should  never  be  increased  to  reduce  rise  and  fall  on 
grades  of  2  %  or  less. 

d.  Distance  may  be  increased  to  reduce  rise  and  fall  on  grades 
over  2%  (use  Table  6  for  comparisons  of  this  kind),  but  for  grades 
not  exceeding  the  maximum  it  is  rarely  desirable  to  increase  dis- 
tance unless  a  noticeable  rise  and  fall  can  be  eliminated  by  a  small 
additional  distance.  For  ordinary  easy-rolling  topography  the 
orinciple  of  the  straight-line  location  is  generally  sound. 

4.  The  elimination  of  needless  rise  and  jail  is  desirable  modified 
by  certain  conditions. 

a.  The  elimination  of  rise  on  steep  grades  is  desirable.  Distance 
may  be  increased  to  accomplish  this,  provided  the  disadvantage  of 
ncreased  distance  is  balanced  against  the  value  of  less  rise  (see 
Table  6,  p.  12). 

b.  The  elimination  of  rise  on  grades  of  2%  or  less  is  of  no  value 
:rom  a  practical  standpoint. 

c.  Adverse  grades  may  be  used  to  eliminate  dangerous  alignment 
3r  shorten  distance,  provided  the  shorter  distance  is  of  more  value 

han  the  disadvantage  of  the  extra  rise  (see  Table  6). 

Summary  of  Cut  and  Fill  Grade  Reductions. — Grade  reductions 
3y  cut  or  fill  assume  that  the  road  location  is  fixed  for  some  reason 
md  that  further  improvement  must  be  by  cut  or  fill.  The  distance 
s  always  fixed.     Reasonable  maximum  grades  are  essential. 

a.  For  a  fixed  rise  there  is  no  practical  advantage  in  reducing 
:he  rate  of  grade  below  a  reasonable  maximum. 

b.  Reduction  of  total  rise  and  fall  on  steep  grades  is  desirable. 

c.  Reduction  of  rise  and  fall  on  light  grades  has  no  practical 
advantage  (see  pp.  106  and  6). 

d.  The  use  of  short  adverse  grades  of  2%  or  less  on  a  long  climb 
las  no  practical  disadvantage. 

The  sources  of  justifiable  economy  in  cut  and  fill  design  lie  in  the 
ise  of  the  short  maximum  in  connection  with  the  long  ruling  grade 
and  the  use  of  a  rolling  grade  profile  for  all  intermediate  rates. 

The  application  of  these  principles  in  conjunction  with  the 
'spotting  method"1  of  profile  design  (see  p.  963)  generally  results 
n  a  satisfactory  road  at  a  moderate  grading  cost.  The  violation 
)f  these  principles  of  location  and  cut  and  fill  profile  design  occurs 
mite  frequently. 

The  detail  discussion  of  these  principles  follows: 

GRADES 

Introduction. — Grade  line  considers  the  proper  use  of  maximum, 
minimum,   intermediate,  and   adverse  grades  and   their  vertical 
1  See  chap.  XIV,  p.  963. 
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curve  connections.  Grade-line  design  in  connection  with  align- 
ment considers  the  relative  values  of  distance  against  rise  and  fall 
and  the  relative  safety  of  light  grades  with  curved  alignment  as 
compared  with  steep  grades  and  straight  alignment. 

The  effect  of  grade  may  be  roughly  summarized  as  follows: 

An  increase  in  the  rate  of  grade  decreases  the  load  that  can  be 
hauled  up  the  grade  by  a  fixed  power. 

An  increase  in  the  rate  of  grade  increases  the  expenditure  of 
energy  to  maintain  a  fixed  speed  climbing  the  grade. 

An  increase  in  the  rate  ©f  grade  decreases  the  speed  for  a  fixed 
power. 

An  increase  in  the  rate  of  grade  increases  the  wear  and  tear  on 
mechanical  outfits. 

The  mechanical  energy  expended  in  climbing  is  partially  balanced 
by  the  reduction  of  energy  expended  on  down  grades. 

The  mechanical  energy  expended  in  climbing  affords  a  very 
definite  basis  of  comparison  of  the  value  of  the  travel  in  one  direc- 
tion. The  expenditure  of  energy  on  down  grades  is  indefinite, 
and  while  it  affects  the  total  operating  cost  on  a  grade,  it  cannot  be 
given  as  much  weight  in  the  conclusion  as  the  first  method.  The 
effect  of  grade  on  the  depreciation  and  repair  of  mechanical  equip- 
ment is  indefinite,  but  it  is  certain  that  it  bears  some  relation  to  the 
rate  of  grade. 

Grade  selection  depends  on  considerations  of  safety,  convenience, 
traffic  operating  cost,  and  the  cost  of  construction  and  maintenance. 
Cost  of  traffic  operation  is  not  always  the  most  important  factor. 
It  must  often  give  way  to  considerations  of  safety  or  initial  construc- 
tion cost. 

Reasonably  low  rates  are  desirable.  The  whole  question  of 
grades  lies  in  the  decision  of  what  is  reasonable  for  a  specific  case. 
A  summary  of  practical  rules  for  location  and  cut  and  fill  grade  line 
design  is  given  on  page  81. 

Maximum  Grades. — The  subject  of  maximum  grades  will  be 
considered  from  the  following  standpoints: 

i.  Relative  importance  of  horse  and  automobile  traffic  in  the 
selection  of  grade. 

2.  Effect  of  grade  on  horse  traffic. 

3.  Effect  of  grade  on  motor  traffic. 

4.  Current  practice  in  maximum  grades. 

5.  Practical  considerations  governing  the  selection  of  grade. 

6.  Effect  of  ruling  grade  on  cost. 

7.  Recommended  general  practice. 

Relative  Importance  of  Horse  and  Auto  Traffic  in  the  Selection 
of  Maximum  Grade. — Tables  18  and  i8.4  show  the  rapid  growth  of 
motor  traffic  on  the  main  roads  of  Massachusetts  and  the  general 
character  of  the  traffic  on  secondary  roads  in  western  New  York. 

Everyone  is  familiar  with  this  change  in  the  character  of  highway 
traffic.  Maximum  grades  have  a  radically  different  effect  on  horse 
and  single-unit  motor  traffic,  and  it  is  necessary  to  come  to  some 
reasonable  conclusion  as  to  which  kind  of  travel  should  govern  the 
design. 
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1912 

1915 

1918 

Per  cent 

of  increase, 

6  years 

Automobiles  and  trucks. . .  . 

Motorcycles 

Operators  and  chauffeurs. .  . 
Motor  vehicle  fees 

50,132 

5,034 

65,600 

§616,236 

102,633 

9,520 

133,700 

5i,235,723 

191,019 

12,708 

225,272 

$2,159,257 

280 
150 
240 
250 

verage  Daily  Traffic  on  Main  Roads  in  Massachusetts 


1909 

1912 

1915 

1918 

Per  cent 

of  increase, 

9  years 

Light  horse 

9i 
88 

68 
88 

40 
72 

24 
43 

-73M 
-51 

Heavy  horse 

Total  horse 

179 
131 

156 

280 

17 

112 

555 

45 

67 

923 

75 

-62M 

+  604 

+34ia 

Automobiles  and  light  trucks. .  . 
Heavy  trucks 

Total  motors 

131 

297 

600 

998 

+  661 

Total  vehicles 

310 

453 

712 

1065 

+  243 

0  In  6  years. 


Per  Cent 

of  Total  Traffic 

1909 

1912 

1915 

1918 

29 

28 

15 
19 

10 

2 

4 

Heavy  horse 

57 
43 

34 

4 

62 

t&4 

78 

6 

7 
87 

Trucks 

Motors 

'able    iSA. — Daily   Traffic    Counts   on   Selected    "Local- 
service"  State  County  Roads  in  Western  New  York 


Number 

of 

roads 


Number 

of 

miles 


Horse  traffic 


1  horse 


2  horses 


Total 
horse 


Motor  traffic 


L}^}      Trucks 


Total 
motors 


14 


60 


45 


39 


84 


250 


36 


286 


Horse  traffic,  per  cent  of  total 23 

Motor  traffic,  per  cent  of  total 77 


Note. — On  the  main  state  route  roads  the  percentage  of  horse  traffic 
orresponds  very  closely  with  the  Massachusetts  results  given  in  Table  18. 
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For  main  roads  in  well-settled  districts,  single-unit  motor  traffi 
may  well  control  maximum-grade  design.  For  local  service  road 
in  agricultural  districts  or  in  mountain  pioneer  regions,  horse  traffi 
requirements  should  control  maximum-grade  line  design. 

Maximum  Grades  from  the  Standpoint  of  Horse  Traffic.  Dijf 
culty  of  Ascent  and  Safely  of  Descent. — The  factors  controlling  eas 
and  safety  of  ascent  and  descent  have  different  values  for  differen 
surfaces,  but  as  most  of  the  roads  will  in  time  be  hard  surfaced  an 
as  all  parts  of  the  design  should  fit  into  the  final  improvement,  th: 
part  of  the  grade  argument  is  made  primarily  for  hard-surface 
conditions. 

European  observers  claim  that  on  a  stone  road  5%  is  the  max: 
mum  grade  that  can  be  descended  safely  by  a  trotting  team  withou 
brakes,  and  that  12%  is  the  maximum  that  can  be  safely  descende 
with  brakes.  By  the  use  of  the  sliding  shoe  or  locked  wheel: 
freighters  in  the  Rockies  descend  20%  grades  without  much  diff 
culty  on  ordinary  natural-soil  roads.  Safe  descent  with  brake 
need  not  be  considered  except  in  rare  cases,  as  it  would  result  in 
grade  far  beyond  ordinary  practice.  Safe  and  easy  descent  withou 
brakes  is  more  important  for  light  rigs  than  for  heavy  hauling,  bu 
as  this  class  of  traffic  has  been  practically  eliminated  by  chea 
automobiles  it  need  not  be  given  much  weight.  Descent,  therefor< 
plays  only  a  minor  part  in  grade  selection  except  where  the  aligr 
ment  is  bad. 

Hauling  Power. — The  writers  know  of  no  careful  records  of  actuJ 
maximum  loads  that  can  be  hauled  up  different  hard-surface 
grades  by  an  ordinary  team;  it  is  probably  better  to  discuss  th: 
point  theoretically,  as  any  experiments  would  be  affected  by  to 
many  variable  local  conditions  to  be  worth  much  as  a  basis  of  core 
parison.  As  a  check  on  the  theoretical  discussion,  records  of  load 
on  extreme  mountain  grades  are  given  on  page  91,  which  sho^ 
that,  for  all  practical  purposes,  Table  24  of  theoretical  loads  i 
fairly  close  and  is  on  the  safe  side. 

A  summary  of  Prof.  I.  O.  Baker's  discussion  of  maximum  tear 
loads  is  given  below,  and  through  his  courtesy  it  is  possible  t 
include  a  collection  of  tables  taken  from  his  work,  "Roads  an< 
Pavements." 

Various  trials  have  determined  that  the  normal  tractive  power  o 
a  horse  traveling  3  m.p.h.  for  10  hr.  a  day  is  approximately  one 
tenth  of  its  weight;  that  when  hauling  up  a  steep  grade  it  can  exer 
one-fourth  of  its  weight  for  a  short  time;  that  for,  a  continuou: 
exertion  of  one-fourth,  the  grade  should  not  be  over  1200'  long  anc 
if  over  that  resting  places  should  be  provided  every  600  to  800';  thai 
in  starting  and  for  a  distance  of  50  to  100',  one-half  of  its  weigh 
can  be  used;  and  that  the  net  tractive  power  ordinarily  exerted  b) 
a  horse  on  a  grade  equals  one-fourth  its  weight — the  effort  requirec 
to  lift  itself,  or  approximately  0.25IF  —  W  X  per  cent  of  grade 
expressed  in  hundredths,  i.e.,  0.25IF  —  0.04  IF  for  a  4%  grade 
This  undoubtedly  gives  a  reasonable  basis  for  ordinary  hauling  con- 
ditions, but  from  data  obtained  by  the  author  in  connection  with 
freight  hauling  in  mountain  regions  it  is  evident  that  a  good  draft 
horse  will  exert  more  than  0.25JF  on  moderately  short,   sharp 
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•itches  of  a  long  climb  if  allowed  to  rest  at  intervals  of  200  to  300'. 
The  evidence  indicates  that  a  value  of  0.35 TF  is  about  right  for 
uch  conditions. 

Table  19  shows  the  effective  power  developed  by  an  ordinary 
earn  of  1200-lb.  horses  with  moderate  exertion  and  Table  19.4  the 
lower  of  a  first-class  team  of  1600-lb.  horses  exerting  their  full 
trength. 

Table  19. — Ordinary  Stock  Moderate  Exertion 


Grade,    % 

Theoretical  net 
tractive  effort 

Tractive  effort, 
in  pounds 

Level 

2Y2 

4 

5 

6 

7 

8 

9 
10 

0. 10  W 
0.25  W  -  PW 
0.25  w  -  PW 
0.25  W  -  PW 
0.25  W  -  PW 
0.25  W  -  PW 
0.25  W  -  PW 
0.25  W  -  PW 
0.25  W  -  PW 

240 
540 
504 
480 
456 
432 
408 
384 
360 

W  —  weight  of  team,  2400  lb. 
P  =  per  cent  of  grade  in  hundredths. 

Table  19--I. — Draft  Stock  Full  Power 


Grade,    % 

Theoretical  net 

Tractive  efforts, 

tractive  effort 

in  pounds 

5 

o.3S  W  -  PW 

960 

6 

0.3s  W  -  PW 

928 

7 

0.35  w  -  PW 

896 

8 

0.35  w  -  PW 

864 

10 

0.35  w  -  PW 

800 

12 

0.35  W  -  PW 

736 

14 

0.35  W  -  PW 

672 

16 

0.35  w  -  PW 

608 

18 

0.35  w  -  PW 

544 

20 

0.35  W  -  PW 

480 

22 

0.35  w  -  PW 

416 

W  =  weight  of  team,  3200  lb. 
P  =  per  cent  of  grade  in  hundredths. 

Grade  and  Rolling  Resistance. — This  power  is  used  in  overcoming 
xle  friction,  gravity  resistance,  and  rolling  resistance. 

The  axle  friction  is  small,  amounting  to  3  or  4  lb.  per  ton  for 
American  farm  wagons. 

Grade  resistance  (gravity)  equals  load  X  per  cent  of  grade 
:xpressed  in  hundredths,  and,  expressed  in  pounds  per  ton  of  load, 
quals  2000  X  P. 

The  rolling  resistance  varies  for  different  surfaces  and  for  each 
urface  depends  on  the  diameter  of  wheel,  width  of  tire,  speed  of 
ravel,  and  the  presence  or  absence  of  springs  on  the  wagon.  The 
>est  diameter  of  wheels,  best  width  of  tires,  and  the  use  of  springs 
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as  they  affect  the  ease  of  hauling  for  both  farm  and  road  use  ar< 
problems  for  the  wagon  manufacturers. 

Morin,  a  French  engineer,  concluded  from  a  series  of  carefu 
experiments  that  the  harder  the  surface  of  the  road  the  less  effec 
width  of  tire  had  on  rolling  resistance.  Comparatively  hard  sur 
facing  and  small  differences  in  wheel  diameter  are  taken  for  grantee 
here,  and  these  factors  can  be  disregarded.  As  a  matter  of  interest 
Tables  20  and  22  are  included  to  show  the  results  of  experiment 
on  different  soils  and  roads. 

The  question  of  wide  tires  affects  road  design  chiefly  in  connectioi 
with  the  distribution  of  load  over  a  safe  area  and  will  be  taken  u] 
under  Macadam  Design. 

Table  23  gives  the  average  rolling  resistance  in  pounds  per  ton  o 
load  on  different  pavements  for  the  ordinary  farm  wagon  drivei 
at  ordinary  speeds. 

Table  20. — Effect  of  Width  of  Tire  upon  Tractive  Power 
Resistances  in  Pounds  per  Ton 


Ref. 
No. 


Diameters  of  the  Front  &  Rear  Wheels  respectively 


Description  of  the 
Road  Surface 


Sod    

Earth  road  (hard)  . . 
"  (muddy) 
Sand  "  (hard)  . . . 
(deep)  .... 
Gravel  road  (good)  . 
Wood  Block  (round) 


3 '-6"  & 
3'- 10" 


199 
371 


5i 


4" 


108 
243 
162 

351 


49 


3 '-6"  & 
3-10" 


Width 
4" 


268 
171 

98 
61 


304 
164 

117 

70 


3 '-8"  & 
4'-6" 


of 


236 
141 

83 
35 


4" 


254 
168 

80 

46 


3  '-6*  & 
3'-io" 


Tires 

riff        ■>» 


283 
152 


239 
152 


54 


3'-8"  & 
4-6" 


189 
114 
265 


3" 


228 
114 
228 


/6 
38 


1Pamphlet  by  Studebaker  Brothers  Manufacturing  Company,  1892. 

Table  21. — Effect  of  Size  of  Wheels  on  Tractive  Resistance1 

Pounds  per  ton 


Ref. 

No. 

Description  of  Road  Surface 

Mean  Diameter  of 
Front  &  Rear  Wheels 

5°* 

38" 

26* 

1 
2 
3 

4 
5 
6 

7 

8 

9 
10 

"          "     upgrade  2.2%,  one-half  inch  wet 

57 
84 

123 

69 

101 

132 

173 
178 
252 

61 

90 

132 

75 

119 

145 
203 
201 
303 

70 
no 

173 
79 
139 
179 
281 
265 
374 

Timothy  &  blue  grass  sod,  dry  grass  cut 

"         "    "        "       "    wet  &  spongy 

Cornfield;  flat  culture  across  rows,  dry 

Plowed  ground;  not  harrowed,  dry  &  cloddy  . . 
Average  Value  of  Tractive  Power 

130 

148 

186 

Experiments   of   T.  I.    Mairs   at   the    Missouri   Agricultural   Experiment 
Station. 
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Table  231 


Kind  of  pavement 


Rolling  resistance, 

in  pounds 

per  ton  of  load 


Asphalt 

Brick  or  concrete 
Cobblestones.  .  .  . 

Earth  roads 

Gravel  roads 

Macadam  roads. 

Plank 

Stone  block 

Wood  block 


30-  70 
15-  40 
50-100 
50-200 
50-100 
20—100 

30-  50 
30-  80 

30-  So 


1  Baker's  "Roads  and  Pavements." 

Effect  of  Grade  on  Loads. — For  a  comparative  estimate  take  2 
value  of  40  lb.  per  ton  of  load,  including  axle  friction,  on  macadam* 
and  rigid  pavements  and  100  lb.  per  ton  for  earth  roads  in  fair  shape 
The  resistance  to  the  effective  tractive  power  of  the  team  per  ton  03 
load  is  therefore  40  +  (2000  X  P)  on  the  hard-surfaced  roads,  anc 
100  +  (2000  X  P)  for  earth  roads,  and  the  maximum  load  expressec 
in  tons  for  any  grade  equals 

Effective  tractive  power  of  team  for  that  grade 
Resistance  per  ton  of  load  for  that  grade 

Using  the  tractive  powers  of  the  ordinary  team  shown  in  Table  19 
Table  24  is  constructed.  It  is  chiefly  useful  for  a  comparison  ol 
the  effect  of  grade  on  load,  but  all  evidence  indicates  that  the 
loads  given  correspond  closely  to  practice.  Table  24.A  shows 
loads  for  extreme  team  exertion  as  compiled  in  Table  igA.  The 
loads  given  include  weight  of  wagon. 

Table  24. — Ordinary  Stock  Moderate  Exertion 


Grade, 
per  cent 

Effective 

tractive 

effort, 

pounds 

Improved  roads 

Earth  roads 

Resistance 

in  pounds 

per  ton 

of  load 

Maximum 

load, 

in  tons 

Resistance, 

in  pounds 

per  ton 

Maximum 

load, 

in  tons 

Level 
2Y2 
4 
5 
6 
7 
8 
9 
10 

240 
540 
504 
480 
456 
432 
408 
384 
360 

40 
90 
120 
140 
160 
180 
200 
220 
240 

6.0 
6.0 
4.2 
3-4 
2.9 
2.4 
2  .0 
1.7 
1.5 

100 
*50 
180 
200 
220 
240 
260 
2S0 
300 

2.4 
3-6 
2.8 
2.4 

2 . 1 
1.8 
1.6 
1.4 

1 .2 
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Table  24^. — Draft  Stock  Extreme  Exertion 


Hard-surfaced  roads 

Earth 

roads 

Grade, 

Effective 
tractive 

per  cent 

effort, 

Resistance, 

Maximum 

Resistance, 

Maximum 

pounds 

in  pounds 

load, 

in  pounds 

load, 

per  ton 

in  tons 

per  ton 

in  tons 

5 

960 

140 

6.8 

200 

4.8 

6 

928 

160 

5 

8 

220 

4.2 

7 

896 

180 

5 

0 

240 

3-7 

8 

864 

200 

4 

3 

260 

3-3 

10 

800 

240 

3 

3 

300 

2.7 

12 

736 

280 

3 

0 

340 

2  .2 

14 

672 

380 

1.6 

16 

608 

420 

1.4 

18 

544 

460 

I  .2 

20 

480 

500 

I  .0 

22 

416 

540 

0.8 

Effect  of  Length  of  Grade  on  Maximum  Load. — In  mountain-road 
iesign  where  a  long  ruling  grade  is  used  it  is  often  economical  to 
ntroduce  short  stretches  of  steeper  grade  to  avoid  extremely  expen- 
sive construction  and  to  improve  alignment.  In  order  to  deter- 
mine the  maximum  short  grade  (not  exceeding  300  ft.  in  length)  that 
;an  be  used  in  connection  with  a  long  ruling  grade  without  reducing 
the  team  load,  Table  24.B  has  been  compiled  for  a  2400-lb.  team. 

Table  24B. — Equivalent  Long  and  Short  Grades  for  Hard- 
surfaced  Conditions 


Long  ruling  grades  tractive  effort 
0.25  W,  2400-lb.  team. 

Short  maximum  grade  tractive 
effort  0.35  W,  2400-lb.  team. 

Grade,            !    Maximum  load, 
%                               tons 

Grade, 

% 

Maximum  load 
tons 

5 
6 

7 
8 

3-4 
2.9 

2.4 
2  .0 

7 

9 

10 

I2a 

3.7 
2.8 
2.5 
2  .0 

0  Twelve  per  cent  is  the  practical  limit  (on  account  of  safe  descent)  on 
iny  road  of  sufficient  importance  to  be  considered  from  an  engineering 
itandpoint. 

This  principle  can  also  be  applied  to  a  long  cut  and  fill  grade 
reduction  with  a  very  material  saving  in  cost,  but  if  used  the 
steeper  rate  should  not  be  over  250  to  300'  long  and  should  be  at 
the  bottom  of  the  hill. 

Records  of  Team  Loads. — H.  G.  McPheters  and  F.  F.  Roberts 
lave  compiled  the  following  data  on  team  freighting  in  the  Rocky 
Mountain  region.  It  is  practical  data  obtained  from  personal 
experience  and  strengthens  the  force  of  the  theoretical  discussion. 
The  loads  given  are  net  and  do  not  include  wagon  weights. 
They  represent  usual  freighting  loads  which  are  practical  maxima. 
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Heber  Fruitland  Road,  State  of  Utah 
Daniels  Canyon  Section 

Earth  road  in  fair  shape. 

Long  8%  grades. 

Short  15%  grades. 

Net  load  for  four -horse  team,  3500  lb.  (during  summer). 

Galena  Summit  Road,  State  of  Idaho 

Natural-soil  road  in  fair  shape. 

Maximum  grade  (Salmon  River  side),  20%. 

Maximum  grade  (Wood  River  side),  17%. 

Load  for  one  team,  1800  lb.  (during  summer). 

Load  for  two  teams,  4000  lb.  (during  summer). 

Load  for  three  teams  (six  horses  and  two  wagons  loaded  5000  lb 
on  lead  wagon  and  4000  lb.  on  trail  taking  one  wagon  at  a  trip  uj 
the  mountain). 

Trail  Creek  Summit  Road,  State  of  Idaho 

Natural-soil  road  (fair  condition  during  summer). 

Maximum  grade,  22%. 

Load  for  one  team,  1200  lb. 

Load  for  two  teams,  2500  lb. 

When  freighting  by  teams  was  the  principal  mode  of  transporta 
tion,  there  were  used  on  this  road  several  outfits  of  24  mules  hookec 
to  four  wagons  loaded  as  follows:  lead,  14,000  lb.;  lead  swing 
10,000  lb.;  swing,  8000  lb.;  and  trail,  4000  lb.  Two  men  handlec 
the  whole  outfit,  which  was  certainly  a  man's  job. 

Rocky  Bar  Atlanta  Road  Over  Bald  Mountain 

Natural  soil. 

Maximum  grade,  16%. 

Load  for  one  team  2000  lb. 

Load  for  two  teams  4000  lb. 

A  large  amount  of  freight  is  carried  over  this  road  by  auto  trucks 
at  the  present  time. 

The  Theoretical  Advantage  of  Certain  Grades. — From  Tables  24, 
24,4,  and  24.6  and  the  previous  discussion  the  grades  that  theoreti- 
cally fulfil  certain  traffic  requirements  can  be  selected. 

1.  On  hard-surfaced  roads  the  same  load  that  can  be  drawn  up  a 
2i^%  grade  by  reasonable  extra  exertion  of  a  team  can  be  hauled 
on  a  level  with  ease.  This  makes  a  perfectly  balanced  design  from 
the  standpoint  of  team  hauling.  The  theoretical  load  is  6  tons. 
For  earth  roads  5%  fulfils  this  same  condition  with  a  theoretical 
team  load  of  2.4  tons. 

2.  Five  per  cent  is  the  maximum  grade  that  fulfils  the  require- 
ment of  safe  descent  at  a  trot  without  brakes.  This  is  of  little 
importance  under  modern  traffic  conditions. 
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3.  The  same  load  that  can  be  hauled  up  a  7%  hard-surfaced  grade 
:an  be  drawn  on  a  level  dirt  road  in  fair  condition;  a  7%  grade 
.herefore  does  not  reduce  the  load  of  a  team  which  must  travel  over 
rven  a  level  earth  road  for  part  of  the  distance.  The  theoretical 
oad  is  2.4  tons. 

4.  The  use  of  short  maximum  grades  of  greater  rate  than  the 
ong  ruling  grades  does  not  reduce  the  maximum  load,  provided 
hey  are  proportioned  as  follows  for  hard  pavements  and  do  not 
sxceed  250  to  300'  in  length: 

.ong 5%       Short 7% 

.ong 6%.       Short 9% 

.ong 7%       Short 10% 

,ong 8%       Short 12% 

5.  Twelve  per  cent  is  the  practical  limit  of  grade  for  even  unim- 
portant roads  on  account  of  safe  team  descent  with  heavy  loads. 

As  a  matter  of  fact,  the  selection  of  grade  depends  more  on  the 
equirements  of  the  traffic  and  the  topography  of  the  country  than 
)n  these  theoretical  advantages. 

Effect  of  Grade  Selection  on  Motor  Traffic. — Safety,  convenience 
imitations  of  load,  and  cost  of  vehicle  operation  must  be  considered. 

Safety  of  Motor  Operation. — Motor  accidents  are  quite  frequent 
lue  to  the  sudden  application  of  brakes  on  steep  hills  in  rainy  or 
leety  weather  where  the  road  has  a  hard,  smooth  surface.  Acci- 
lents  of  this  kind  occur  even  on  level  grades,  but  are  not  frequent 
lp  to  5%  rates  of  grade;  beyond  5%  they  occur  with  rapidly 
ncreasing  frequency  and  become  a  real  cause  of  danger  on  grades 
wer  7%  even  when  the  alignment  is  straight.  From  the  stand- 
point of  safety,  7%  is  a  maximum  rate  for  hard-surfaced  roads. 

Convenience  of  Motor  Operation. — Drivers  dislike  to  be  forced  into 
econd  or  low  gear.  If  it  is  possible  to  determine  approximately 
:he  rate  of  grade  at  which  most  cars  or  trucks  shift  gear,  this 
nformation  has  some  bearing  on  grade  selection.  It  is,  of  course, 
difficult  to  figure  this  closely  as  motor  design  improves,  gear  ratios 
v^ary,  cars  run  on  varying  degrees  of  efficiency,  gasoline  varies  in 
quality,  etc.,  but  as  a  matter  of  interest  the  authors'  experience 
ndicates  that  the  average  light  pleasure  car  of  the  year  191 9  shifts 
nto  second  gear  at  about  7%  and  that  very  little  gear  shifting  is 
lecessary  on  long  6%  grades.  W.  C.  Slayton,  a  truck  fleet  manager, 
;ays  that  his  5-ton  standard  gear  ratio  trucks  generally  drop  into 
econd  at  about  5%  and  that  very  little  shifting  would  be  required 
m  long  4%  grades.  Passenger  autos  drop  into  low  at  about  10% 
ind  the  5-ton  trucks  into  low  at  about  8%. 

From  the  standpoint  of  convenience  in  driving  pleasure  cars, 
these  premises,  if  they  apply,  indicate  that  if  for  any  reason  a  6% 
?rade  cannot  be  obtained  a  10%  might  just  as  well  be  used  and 
that  heavy  expenditure  to  get  a  7  or  an  8%  has  no  bearing  on  the 
:onvenience  of  the  road.  This  applies  only  to  scenic  routes.  In 
the  same  way  for  truck  hauling,  if  a  4%  cannot  be  obtained  there  is 
no  object  from  the  standpoint  of  convenience  in  using  lesss  than  an 
3%.     Other  factors,  however,  apply  to  reduce  this  extreme  jump, 
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OPTIONAL  GEARING  ON  FIVE-TON  MODEL 

The  first  option  is  our  standard  gearing  and  will  be  supplied  on  all  orders 
nless  otherwise  specified.  This  gearing  should  be  used  where  the  truck  is 
o  traverse  good  hard  roads  at  all  times,  and  where  the  grades  do  not  ex- 
eed  10%. 

The  second  option  gives  great  pulling  power  on  the  low  speeds,  and  the 
tandard  speed  of  14  miles  per  hour  on  high  gear.  This  gearing  should  be 
sed  only  where  the  truck  has  to  pull  through  a  very  short  portion  of  poor 
oad  and  the  great  majority  of  the  running  is  done  on  direct  drive.  This 
ption  is  popular  with  contractors,  etc. 

The  third  option  is  especially  suited  for  districts  where  by  nature  of  roads 
r  traffic  conditions  a  high  speed  is  undesirable,  or  in  hilly  country,  where  the 
oad  surfaces  are  good.  This  gearing  is  standard  equipment  on  the  long 
heel  base  model. 

The  fourth  option  should  only  be  used  where  the  road  surfaces  are  ex- 
eedingly  poor,  and  the  country  very  hilly.  We  do  not  advise  using  this 
earing  except  in  extreme  cases. 
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as  discussed  later.  It  should,  however,  be  borne  in  mind  that,  : 
trucks  are  operating  regularly  over  a  stated  route,  special  gear  ratic 
can  be  and  are  used  to  meet  the  existing  grades  (see  Chart  A,  not< 
p.  95) .     Gear  shift,  therefore,  plays  a  minor  part  in  grade  selection. 

Effect  of  Grade  on  Load. — Modern  single-unit  trucks  or  passenge 
cars  have  enough  power  to  carry  their  full-weight  load  up  an 
grade  within  the  limits  of  standard  highway  design.  Limitation  c 
load  has  no  effect  on  maximum  grade  design  from  the  standpoir 
of  single-unit  motors. 

Long  trailer  train  loads  are  limited  by  maximum  grades  an 
demand  low  maximum  grades.  It  should,  however,  be  remembere 
that  this  type  of  haulage  is  slow,  clutters  up  the  highway,  is  dangei 
ous  to  ordinary  traffic,  and  only  in  rare  instances  for  special  road 
should  it  be  permitted  or  grades  designed  for  such  haulage. 

Chart  A  shows  the  ability  of  Pierce  Arrow  trucks  to  pull  on  diffej 
ent  kinds  of  roads  and  different  grades. 

Effect  of  Grades  on  Motor  Operation  Cost. — For  a  detailed  discus 
sion  of  this  complicated  subject  the  reader  is  referred  to  standar 
highway  books  and  government  reports  on  road  economics.1  Th 
application  of  Tables  5  and  6  (p.  12)  will  give  a  good  basis  for  th 
approximate  solution  of  special  cases  desired  and  the  followin 
short  discussion  gives  summarized  general  conclusions. 

As  a  preamble  to  any  discussion  of  the  effect  of  motor  operatio 
cost  on  the  design  of  grades,  it  is  just  as  well  to  bear  in  mind  thf 
the  American  high-powered  passenger  car  is  not  designed  primaril 
for  low  fuel  cost  per  ton  mile;  that  the  average  owner  does  nc 
attempt  to  reduce  his  fuel  costs  to  a  minimum  by  careful  attentio 
to  mechanical  adjustments;  and  that  more  gasoline  and  oil  ai 
wasted  yearly  through  sheer  individual  carelessness  and  ignoranc 
than  could  possibly  be  saved  by  the  greatest  refinements  of  desigi 

The  cost  of  a  business  trip  by  motor  is  reckoned  as  the  sum  of  th 
cost  of  operating  the  vehicle  and  the  time  consumed  in  making  th 
trip.  The  value  of  small-time  increments  gained  by  grade  reduc 
tions  is  so  small  that  for  practical  purposes  it  can  be  ignored  in  mos 
cases.  The  cost  of  motor  operation  includes  gas,  oil,  tires,  repair: 
and  depreciation.  The  effect  of  grades  on  gas  and  oil  consumptio 
can  1  2  figured  with  reasonable  accuracy,  and  it  has  been  found  tha 
tires,  repairs,  and  depreciation  are  almost  directly  proportioned  t 
gas  consumption. 

Table  25  gives  the  relation  between  rolling  resistance  and  ga 
consumption. 

Table  26  gives  the  approximate  relative  cost  of  different  items  c 
operation  for  different  types  of  road  vehicles.  Table  4  (p.  n 
gives  the  approximate  total  cost  of  operation  per  mile. 

From  these  or  similar  data  it  is  simple  to  approximate  the  effec 
of  grade  on  the  cost  of  operation  while  climbing  the  grade. 

The  cost  of  operation  downhill  is  more  uncertain. 

Table  2  7  page  100  gives  an  approximation  of  the  costs  of  opera  tin, 
up  and  down  different  grades. 

1  Bull.  60,  Iowa  State  College.  "Location,  Grading  and  Drainage  c 
Highways,"  McGraw-Hill  Book  Company,  Inc.  "The  Construction  o 
Roads  and  Pavements,"  McGraw-Hill  Book  Company,  Inc. 
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As  one-half  of  traffic  is  uphill  and  one-half  is  downhill  on  most 
roads,  the  final  cost  for  any  grade  must  be  the  average  of  these  two 
values.     Tables  5  and  6  (p.  12)  were  derived  on  this  basis. 

The  detailed  study  of  a  large  number  of  cases  have  led  to  the 
following  general  conclusions: 

Table    25^. — Relation    between    Fuel    Consumption     and 
Tractive  Resistance1 


Type 


Source  of  data 


Ames 


Canadian 
engineer 


A.  N. 
Johnson 


Relative 
tractive 
resist- 
ance 


Good  pavement 

Macadam    and    bituminous    mac- 
adam  

Gravel 

Earth 


1-43 
2. 10 


1 .00 

1.23 

2 . 1 
2.03 


1 .00 

1 .24 
1 .64 
2  .04 


1 .20 

1.6 

2.20 


1  "Rural  Highway  Pavements,"  McGraw-Hill  Book  Company,  Inc. 

Table    25B. — Gas    Consumption    on    Different    Pavements1 


Type  of  pavement 

Gallons 
per  ton-mile 

Miles 
per  gallon, 
2-ton  truck 

Earth  (average  conditions) 

0.083 
0.050 
0.048 
0.046 

6.0 

8.5 

10.5 

II  .0 

Gravel  (average  conditions) 

Macadam  (average  conditions) 

Rigid  pavements  (average  conditions) 

1  "Rural  Highway  Pavements,"  McGraw-Hill  Book  Company,  Inc 

Table  26.4. — Motor  Trucks.     Approximate  Relation  of  Each 
Item  of  Cost  to  the  Cost  of  Gasoline1 

1 


Cost  items 


% 
of  total 


Ratio  to 

fuel  cost 


Gasoline 

Oil 

Tires 

Maintenance.  .  .  . 
Depreciation.  .  .  . 

License 

Garage 

Interest 

Insurance 

Supervision 

Driver 

Mileage  items  M 
Time  items  T.  .  . 

Combined  items. 


12  .9 
i-9 
9.2 


12 

14 
1 

3 
3 

4 

6 

29 


51.0 
49.0 


I  .00 
0.12 
0.71 
0.99 
I  .  II 


IO 

^9 
30 
31 

29 


3-93 
3.8l 


7-74 


1  Bull.  69,  Iowa  State  College  (1925). 
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Table  26B. — Motor  Busses.     Approximate  Relation  of  Each 
Item  of  Cost  to  the  Cost  of  Gasoline 


Items 

% 
of  total 

Ratio  to 
fuel  cost 

Gasoline 

14.8 
1  .8 
11  .2 
15.6 
13-9 
26.4 
16.3 

1  .00 
0.12 
o.7S 
1  .06 
0.93 
1.78 
1  .09 

Oil 

Tires 

Maintenance 

Driver 

All  other  items 

Time  items  T 

57-3 
42.7 

386 
2.87 

Combined  items 

100  .0 

6.73 

Table  26C. — Approximate  Relation  of  Each  Automobile  Cost 

Item  to  the  Cost  of  Gasoline  (Ordinary  Utility 

Automobile) 


Items 


.% 

of  total 


Ratio  to 
fuel  cost 


Gasoline 

Oil 

Tires 

Maintenance.  . . 
Depreciation. .  .  . 

Interest 

Insurance 

Garage 

License 

Mileage  items.  .  , 
Time  items 

Combined  items 


1 

o 

8.1 

5-7 


71. 1 
28.9 


1  .00 
0 .  19 
0.605 
0.77 
1 .96 
0.77 
o.  19 
0.52 
0.36 


4-53 
1  .84 


6.37 


Summary  of  Motor  Traffic  Considerations. — From  a  practical 
standpoint,  the  following  general  conclusions  seem  sound: 

1.  The  selection  of  maximum  grade  within  the  bounds  of  stand- 
ard practice  is  not  affected  by  the  ability  of  single-unit  motor 
vehicles  to  climb.  The  long  trailer  system  demands  low  rates  of 
ruling  grade. 

2.  The  selection  of  maximum  grade  up  to  7%  maximum  is  not 
affected  by  the  factor  of  safe  descent  from  the  standpoint  of  single- 
unit  motors,  provided  the  alignment  is  nearly  straight.  5  %  is  desi- 
rable on  curved  alignment. 

3.  For  a  fixed  rise  and  fall  and  distance  a  combination  of  differ- 
ent rates  of  grade  has  no  appreciable  effect  on  fuel  consumption. 
The  total  cost  of  motor  operation,  including  the  time  factor,  how- 
ever, is  probably  slightly  less  for  a  uniform  grade.  This  effect  is 
not,  however,  noticeable  enough  to  reduce  the  steepest  grade  below 
a  reasonable  maximum  and  has  no  practical  effect  on  the  use  of 
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Table  27. — Analysis  of  Relative  Operating  Cost  of  Average 

Motor  Traffic  for  i  Mile  of  Distance  on  Different 

Rates  of  Grade,  Based  on  ii  cts.  per  Mile  on  a 

1%  Grade1 


Distance  factor, 

2  cts. 

Fuel  fact 

or,  3  cts. 

Time  factor,  6 

foi 

•  1  %  grad 

e 

for  1% 

grade 

cts.  for  I 

%  grade 

Total 
oper- 

Factor 

Cost 

Factor 

Cost 

Cost 

Rate 

ratio 

for 

ratio 

for 

Factor 
ratio 

for 

ating 

grade, 

for  each 

each 

for  each 

each 

each 

cost, 
cents 

per  cent 

rate  of 

grade, 

rate  of 

grade, 

grade, 

grade 

cents 

grade 

cents 

cents 

+  10 

2 

4 

12 

4.0 

24 

38.0 

+   9 

2 

3% 

11 

3-6 

21 .6 

34-6 

+    8 

2 

3H 

10 

3-2 

19.2 

31.2 

+    7 

2 

3-0 

9 

2.8 

16.8 

27.8 

+   6 

2 

2% 

8 

2.4 

14.4 

24.4 

+    5 

2 

v2^ 

7 

2  .0 

12  .0 

21 .0 

+   4 

2 

2.0 

6 

1.6 

9.6 

17.6 

+   3 

2 

iVs 

S 

1.3 

7-8 

14.8 

+     2 

2 

iH 

4 

I .  I 

6.6 

12.6 

+     I 

2 

1 .0 

3 

I  .0 

6 

II. 0 

Level 

2 

0.9 

2.7 

I  .0 

6 

10.7 

—    1 

2 

0.8 

2.4 

I  .0 

6 

10.4 

—    2 

2 

0.6 

1.8 

I  .0 

6 

9-8 

-    3 

2 

0.4 

1 .2 

I  .0 

6 

9.2 

-    4 

2 

0 .2 

0.6 

I  .0 

6 

8.6 

-  S 

2 

0 . 1 

0.3 

I  .0 

6 

8.3 

-    6 

2 

0 . 1 

0.3 

I  .2 

7.2 

9-5 

-    7 

2 

0. 1 

0.3 

1.4 

8.4 

10.7 

-    8 

2 

0. 1 

0.3 

1.6 

9.6 

11. 9 

-    9 

2 

0. 1 

0.3 

1.8 

10.8 

13. 1 

—  10 

2 

0 . 1 

0.3 

2  .0 

12  .0 

14-3 

1  "Location,  Grading  and  Drainage  of  Highways,"  McGraw-Hill  Book 
Company,  Inc. 

Notes. — 1.  If  anything,  the  fuel  factor  between  the  grades  of  —3  and 
—  10%  is  a  trifle  low. 

2.  The  time  factor  between  the  rates  of  grade  of  —5  and  —10%  depends 
very  largely  on  the  alignment,  the  individual  driver,  and  whether  or  not  he 
is  in  the  habit  of  driving  on  steep  grades.  It  is  probably  about  right  for 
passenger  cars  but  too  high  for  truck  operation  and  might  be  reduced  to  1.5 
at  a  —  10%  for  truck  traffic  in  hilly  country. 

3.  The  time  factor  on  grades  of  +2  to  +10%  is  too  high  for  high-power 
touring  cars,  as  on  good  alignment  the  normal  speed  is  often  not  reduced 
at  all  up  to  6%. 


rolling  grades  on  intermediate  profile  design,  as  the  value  of  smooth- 
ing out  minor  grade  irregularities  becomes  less  as  the  rate  of  grade 
is  reduced. 

4.  For  a  fixed  rise  and  variable  distance  depending  on  the  rate  of 
grade  the  lower  the  rate  of  grade  the  higher  the  fuel  consumption 
and  operating  cost.  Under  these  conditions  the  grade  should  be 
kept  to  the  steepest  reasonable  rate. 

5.  In  the  matter  of  convenience  in  driving  it  is  desirable  to  avoid 
shifting  gears.  The  limiting  rates  of  grade  at  which  the  gears  are 
shifted  for  the  ordinary  car  on  improved  roads  is  about  6  and  10% 
for  pleasure  cars,  and  5  and  8%  for  standard  trucks.  This,  how- 
ever, is  subject  to  constant  change  and  is  not  of  much  importance. 
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6.  The  value  of  distance  saved  can  be  closely  approximated. 

7.  The  value  of  rise  saved  cannot  be  closely  figured,  but  it  is 
:ertain  that  it  has  more  money  value  on  steep  grades  than  on  light 
crades. 

3.  In  locating  roads,  distance  can  be  balanced  against  rise,  but  it 
s  not  possible  to  analyze  this  closely,  and,  as  a  rule,  distance  should 
arely  be  increased,  particularly  if  good  alignment  is  lost,  unless  it 
s  necessary  to  get  a  reasonable  maximum  grade  or  unless  a  notice- 
ible  localized  rise  and  fall  can  be  eliminated  by  a  short  additional 
listance.     (Use  Table  6,  p.  12,  for  comparison  of  this  nature.) 

9.  Ruling  grades  need  not  be  consistent  in  rate  so  far  as  ordinary 
notor  traffic  is  concerned  as  they  do  not  limit  the  load  of  single-unit 
muling  rigs.  Ruling  grades  should  be  consistent  if  the  trailer 
rain  system  controls  the  design. 

It  can  be  seen  that  the  requirements  of  ordinary  motor  traffic 
lave  less  definite  claims  for  consideration  in  reducing  the  rate  of 
naximum  grades  than  horse  traffic,  but  have  more  claim  than  horse 
raffic  in  the  matter  of  reducing  distance  and  rise  and  fall  on  account 
>f  the  large  amounts  of  money  annually  spent  on  operation  costs. 
Summarizing,  it  can  be  said  that  ordinary  motor  traffic  warrants 
ligher  rates  of  maximum  grades  than  horse  traffic,  but  demands 
hort  distance  and  less  rise  and  fall  on  steep  grades.  The  reduction 
)f  rise  and  fall  on  light  grades  is  of  very  little  practical  value.  For 
;ertain  special  conditions  where  the  trailer  train  must  be  con- 
idered,  maximum  grades  may  well  be  reduced  below  even  the 
imits  required  for  horse  traffic. 

Practical  Considerations  Governing  Selection  of  Grade 

Effect  of  Maintenance  Cost  on  the  Selection  of  Maximum 
trades. — The  maintenance  of  shoulders,  ditches,  and  water-bound 
nacadam,  gravel,  or  natural-soil  surfaces  increases  in  cost  rapidly 
>n  grades  over  5%.  From  the  standpoint  of  maintenance  cost  5% 
s  the  logical  maximum  rate. 

Effect  of  Safe  Footing  on  Maximum  Grade. — In  the  matter  of 
,afe  team  footing,  it  is  possible  to  select  some  type  of  pavement 
vhich  will  satisfy  this  condition  for  any  grade  used,  but  a  change  in 
.urfacing  to  meet  this  requirement  is  often  omitted  on  account  of 
xpense  and  more  often  by  careless  design.  Most  of  the  rigid-pave- 
nent  types  give  satisfactory  footing  up  to  5%,  which  is  the  practi- 
:al  limit  without  special  design.  Bituminous  macadams  can,  by 
variations  in  manipulation,  be  made  suitable  for  grades  up  to  8%. 
Dlain  macadams  give  good  footing  for  any  grade,  but  are  too  expen- 
ive  to  maintain  over  5%.  From  the  standpoint  of  team  footing, 
;%  has  a  distinct  advantage  on  main  roads  where  rigid  types  are 
lesirable,  and  7  or  8%  is  a  reasonable  limit  on  side  roads  where 
;ome  form  of  macadam  or  gravel  will  probably  be  used.  Team 
ooting  is,  however,  becoming  less  important  as  a  deciding  factor. 
Seven  per  cent  is  a  reasonable  maximum  from  the  standpoint  of 
afety  of  motor  traffic,  due  to  skidding  on  a  smooth  pavement  when 
3rakes  are  applied.  The  following  table  indicates  current  practice 
n  the  matter  of  maximum  grades  for  different  surfaces. 
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Surface  Material 

% 

Wooden  block 2 

Asphalt  block 4 

Brick  (grout  joints) .  5 

Brick  (mastic  joints) 8 

Concrete1 5  to  7 

Bituminous  macadam  with  flush  or  squeegee  coat 5 

(In  sandy  country,  6%  when  coarse  sand  is  sprinkled 
on  surface.) 

Bituminous  macadam  without  squeegee 8 

Water-bound  macadam 8 

"Hillside"  brick 12 

Stone  block  with  open  joints 12 

1  Hard  to  construct  on  grades  over  5  % . 

Effect  of  Farm  Hauling  on  Maximum  Grade. — From  the  stand 
point  of  accommodating  ordinary  farm  team  loads,  7%  is  the  logica 
ruling  rate.  This  is  based  on  a  load  of  5000  lb.  for  farm  hauling 
which  includes  wagon  weight.  The  records  of  produce  dealers  ii 
the  eastern  states  show  that  the  ordinary  wagon  weighs  about  135c 
lb.  and  that  3500  lb.  is  a  large  net  load.  This  load  of  2.4  tons  corre 
sponds  with  the  maximum  theoretical  load  for  7%  hard-surfacet 
grade.  Team  loads  of  6  tons  would  be  very  unusual,  which  mean 
that  the  ideal  teaming  grade  of  2)4%  need  not  be  considered  excep 
in  level  country  where  it  can  be  obtained  without  much  extra"  cost 

Effect  of  Construction  Cost  on  Maximum  Grade. — From  th< 
standpoint  of  construction  cost  5  to  7%  can  generally  be  buil 
without  excessive  expenditure  even  in  hilly  country. 

Maximum  Grades  in  Present  Use. — The  maximum  grades  in  pres 
ent  use  represent  the  best  judgment  of  engineers  from  all  over  th< 
world  backed  by  practical  experience  and  traffic  tests  of  generations 
It  is  true  that  they  are  largely  based  on  factors  of  horse  traffic 
reasonable  construction,  and  maintenance  costs,  but  it  is  believec 
that  these  factors  are  still  the  most  important  deciding  elements  ir 
the  selection  of  maximum  grade  for  most  roads.  Table  28  give* 
the  rates  in  common  use  and  is  probably  the  most  reliable  basis 
for  design  that  can  be  used. 


Table  28. — Maximum  Grades  in  Foreign  Countries 


Location 

Mountainous 

districts, 

% 

Hilly 

districts, 

% 

Level 
districts,     1 
% 

Prussia 

5 
4 
8 

6 

4 
3H 

6 

4 
3M 

2% 

5 
3 

Hanover 

Baden 

Brunswick 

Holyrood  Road  in  England.. .  . 

COMMON  MAXIMUM  GRADES 


!°3 


Military  highway  over  the  Alps,  Italian  side,  4K%>  Swiss  side, 
6%. 


Location 

National 
roads, 

% 

Departmen- 
tal roads, 
% 

Subordinate 
roads, 

% 

France 

3 

4 

6 

Maximum  Grades  in  the  United  States 


State 


Main  roads, 
% 


Side  roads, 
% 


Unusual 

cases, 

% 


New  York.  .  .  . 
Massachusetts 
Connecticut.  .  . 
New  Jersey  .  .  . 

Michigan 

Missouri 

Washington.  . . 
Illinois 


5  and  7 


6 

5  and  6 

5 

6 


7  and  8 

7 

6  and  7 


United  States  National  Forest  Roads   (Mountainous 

Districts) 

First-class  roads long  grades     5%,  short  grades    7% 

Second-class  roads long  grades      7%,  short  grades  10% 

Third-class  roads long  grades    10%,  short  grades  12% 

State  of  Colorado  (main  mountain  roads) 6% 

Effect  of  Maximum  Grade  on  Cost. — Money  spent  on  the  reduc- 
tion of  maximum  grade  is  never  wasted  unless  distance  is  increased 
for  a  fixed  rise  by  a  grade  lower  than  a  reasonable  maximum.  It  is 
not  good  policy  to  spend  large  sums  to  reduce  below  5%  in  hilly 
country  or  2%  in  level  country,  even  where  distance  is  not  increased. 
The  effect  on  cost  of  the  selection  of  a  5  in  place  of  a  6%  or  a  6  in 
place  of  a  7%  depends  largely  on  the  method  of  construction  that 
must  be  used.  Where  locations  are  fixed  by  well-established  right 
of  ways  and  permanent  structures  and  the  cost  of  new  right  of  way 
is  very  high,  grades  are  generally  reduced  by  cut  and  fill.  Under 
these  conditions  the  effect  of  the  selection  of  rate  is  very  marked 
and  no  general  relation  can  be  established,  as  each  case  is  a  law  unto 
itself. 

Unfortunately,  many  of  the  roads  in  the  older  states  were  not 
laid  out  on  natural  engineering  locations,  and  grade  improvements 
are  expensive  either  on  account  of  excessive  cut  and  fill  or  the  high 
cost  of  new  right  of  way  on  a  better  location.  In  mountain  road  or 
ordinary  locations  in  newly  settled  districts,  the  question  of  right  of 
way  rarely  handicaps  the  design  and  easy  grades  are  obtained  at 
moderate  cost  by  natural  locations  which  avoid  steep  adverse  grades 
by  going  around  a  hill  or  develop  moderate  grades  on  a  long  climb 
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by  a  longer  distance.  In  climbing  on  a  side-hill  location  the  roac 
section  is  generally  what  is  known  as  a  balanced  section,  that  is 
the  cut  just  makes  the  fill  by  side  displacement.  The  amount  o: 
excavation  per  mile  is  not  affected  by  the  rate  of  grade,  but  some 
times  the  length  of  road  is  affected. 

Generalizing,  it  can  be  said  that  the  effect  of  grade  reduction  01 
cost  is  not  so  marked  as  for  cut  and  fill  methods  and  that,  roughly 
the  relation  of  cost  to  grade  depends  on  the  length,  which  is  ofter 
inversely  proportional  to  the  rate;  that  is,  where  cut  and  fill  is  usee 
a  5%  grade  might  easily  cost  three  or  four  times  as  much  as  a  6% 
grade,  but  where  side-hill  location  is  possible,  a  5%  would  rarely  cos" 
more  than  six  fifths  as  much  as  a  6%.     This  is,  of  course,  affectec 


'ri®//w//wfW)}Aw.y//]l 
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Fig.   11. — Balanced  sidehill  section. 

by  all  sorts  of  local  conditions  and  may  not  apply  at  all,  but  is  tru< 
by  and  large  and  serves  to  illustrate  the  relation  of  rate  to  cost.  T< 
illustrate  (Fig.  12) :  If  the  difference  in  elevation  between  A  and  1 
is  iooo'  a  6%  grade  would  require  approximately  2>Yz  miles  of  lengtl 
and  a  5%  grade  4  miles  to  make  the  ascent.  If  the  direct  distana 
between  A  and  B  is  less  than  3^  miles  the  lengths  of  the  two  line 
will  be  approximately  as  given.  If  the  distance  from  A  to  B  is  mor< 
than  4  miles  there  would  be  little  difference  in  the  length,  as  i 
would  merely  mean  that  the  5  %  started  to  climb  sooner  than  the  6% 


B  Elevation  6000* 


15000'                         1             " 
V/es. — ■ *-• p\  \(r 


— » 


Both  Lines 6.0 Mi fes- 


FlG.    12. 


Under  most  conditions  the  cost  would  be  more  affected  by  th< 
character  of  the  excavation  on  the  different  locations  and  by  th( 
number  of  switchbacks  required  for  the  smaller  rate.  The  differ- 
ence in  cost  due  to  the  difference  in  rate  of  maximum  grade  ir 
mountain  location  does  not  often  warrant  the  adoption  of  excessivt 
grades. 

Recommended  General  Practice  Maximum  Grades. — From  th< 
standpoint  of  horse  traffic,  single-unit  motor  traffic  or  trucks  witfc 
one  trailer,  safe  footing,  and  economy  of  construction  and  mainte- 
nance the  following  recommended  rates  of  maximum  grades  will 
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;ive  moderately  good  satisfaction.  In  unusual  cases  the  possibility 
f  the  extensive  use  of  long  trailer  trains  would  tend  to  reduce 
hese  recommended  rates,  but  the  author  wishes  to  emphasize  the 
pinion  that  very  few  roads  need  be  designed  at  this  time  primarily 
or  long  trailer  trains.  The  following  rates  are  satisfactory  for  the 
rdinary  motor  equipment  used  by  the  great  majority  of  road  users 
nd  additional  expenditure  would  not  be  warranted  for  the  benefit 
f  a  few  men.  For  the  effect  of  dangerous  alignment  on  maximum 
rade  see  page  117. 

Main  Commercial  Roads  in  Flat  Country. — Long  2%  ruling 
rades  are  desirable,  but  they  do  not  justify  much  additional  con- 
duction cost.  Any  long  ruling  grade  up  to  5%  will  probably  be 
atisfactory.  Short  6%  are  not  inconsistent.  A  large  volume  of 
auling  by  trailer  trains  might  warrant  reductions  below  usual 
ractice,  provided  the  interests  operating  such  haulage  paid  the 
icreased  cost  of  construction. 

Main  Commercial  Roads  in  Hilly  Country  {W  ell-settled  Districts). 
ong  5%  ruling  grades  are  desirable  and  justify  considerable 
xpenditure,  provided  they  do  not  increase  the  total  distance.  Seven 
er  cent  grades  are  probably  justified  to  prevent  increase  in  distance 
or  a  fixed  rise.  Long  6%  grades  are  fairly  satisfactory,  but,  as  a 
ule,  if  5%  cannot  be  reasonably  obtained  it  is  just  as  well  to  jump 
0  7%.  Short  7  or  8%  grades  are  not  inconsistent  in  connection 
dth  long  5  and  6%  grades,  provided  the  element  of  safe  team  foot- 
lg  is  considered. 

Main  Roads  Pioneer  Districts. — Long  5%  grades  are  very  desir- 
ble,  provided  they  do  not  increase  the  total  distance,  particularly 
:  the  road  is  a  natural-soil  road  and  considerable  horse  traffic  pre- 
ails.  Any  long  grade  up  to  7%  is  fairly  satisfactory.  Short  7  and 
0%  grades  are  not  inconsistent  except  for  trailer  trains.  Grades 
igher  than  7%  are  not,  however,  in  much  favor  on  account  of 
anger  and  high  maintenance  cost. 

Side  Agricultural  Roads  or  Unimportant  Pioneer  Roads. — Any 
Dng  grade  up  to  7%  is  satisfactory.  Short  10%  grades  are  consist- 
nt  in  connection  with  a  7%  ruling,  provided  the  element  of  safe 
aoting  is  considered.  Grades  steeper  than  7%,  however,  have  a 
igh  maintenance  cost  and  are  dangerous  even  with  good  alignment. 

Scenic  Roads. — Long  6%  grades  are  convenient  on  account  of 
reventing  gear  shifts.  Ten  per  cent  is  not  unreasonable  for  such 
oads,  except  that  on  this  grade  the  alignment  should  be  easy,  as 
iter  discussed,  the  maintenance  cost  is  high,  and  considerable 
anger  is  added  for  grades  over  7%. 

Effect  of  Alignment. — Sharp  curves  affect  steep  grades,  as  taken 
p  under  the  subject  of  Alignment  (p.  117). 

Unusually  High  Rates  of  Grade. — Grades  as  high  as  11%  have 
een  constructed  on  state-improved  roads  in  New  York  and  as  high 
s  9%  in  New  Jersey  and  Illinois,  but  the  general  opinion  of  the 
epartments  under  which  these  grades  were  built  is  that  they  would 
ot  again  use  such  a  high  rate  except  in  villages  where  any  material 
hange  in  street  elevation  would  damage  valuable  properties. 
)utside  of  corporations  it  is  bad  practice  to  use  long  grades  of 
reater  rate  than  7%,  for  if  any  road  is  of  sufficient  importance  to 
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warrant  engineering  plans  for  the  future  it  is  certainly  of  sufficient 
importance  to  warrant  a  reduction  in  grade  to  a  reasonable  rate. 

Consistent  Maximum  Grades. — The  design  should  be  consistent 
if  horse  traffic  is  considered.  Take,  for  example,  a  road  between 
two  shipping  points.  It  is  first  necessary  to  determine  the  portion 
tributary  to  each  terminal  and  then  the  practical  grades  on  all  the 
hills  on  each  portion  in  order  to  decide  what  consistent  ruling  grade 
can  be  adopted  without  excessive  cost.  There  is  no  object  in 
reducing  a  hill  from  7  to  5%,  provided  the  total  rise  remains  fixed 
with  a  large  expenditure  if  near  the  terminal  there  is  a  grade  that 
cannot  be  reduced  below  7%.  It  should  be  borne  in  mind,  however, 
that  the  nearer  the  shipping  or  market  point  is  approached  the  more 
traffic  the  road  will  have,  and  if  the  hills  are  naturally  flatter  the 
ruling  grade  should  be  reduced.  The  direction  of  heavy  traffic  on 
each  hill  should  be  determined  and  considered.  Ordinary  motor 
traffic  does  not  require  consistent  maximum  grades,  but  the  trailer 
train  method  does  require  them.  Considerable  expenditure  is 
justified  to  obtain  consistent  grades  for  the  benefit  of  team  hauling 
on  local  service  roads. 

Intermediate  Grades. — Intermediate  grades  include  all  rates 
between  the  maximum  and  minimum  grades  for  the  particular  job 
in  question.  They  afford  the  greatest  chance  for  reasonable  econ- 
omy of  earthwork  of  any  part  of  the  grading  design  and  usually 
receive  the  least  attention.  From  the  standpoint  of  traffic  they 
have  practically  no  effect  on  travel  cost  or  convenience  on  local 
service  roads  and  only  a  slight  effect  on  commercial  roads.  Eco- 
nomic analyses  of  relative  value  and  relative  grading  costs  show  that 
it  rarely  pays  to  reduce  intermediate  grades  below  their  natural 
rate  (see  Table  2,  p.  6).  Their  proper  use,  however,  controls 
the  convenience  and  suitability  of  the  road  to  abutting  property 
and  controlling  conditions.  In  laying  a  profile  grade  the  control- 
ling points  must  first  be  considered;  these  are  high- water  levels  of 
flood  areas,  elevations  of  existing  bridges,  railroad  crossings,  all 
points  where  deep  cuts  or  high  fills  would  damage  the  approaches  to 
valuable  property,  connections  with  other  highways,  portions  of  the 
road  previously  improved,  and,  in  villages,  the  elevation  that  will 
permit  future  widening  and  curbing  that  will  fit  the  case. 

Current  practice  handles  most  of  these  controlling  features  well 
with  the  exception  of  grades  through  villages,  which  are  almost 
without  exception  too  high  for  future  widening  and  curb  finish. 
Designers  are  cautioned  to  use  city-street  methods  and  to  make  the 
elevation  the  same  as  if  a  full-width  curbed  pavement  was  being 
designed. 

Effect  of  Intermediate  Grades  on  Cost. — All  of  these  controlling 
points  must  be  satisfied,  but  they  usually  affect  only  a  small  per- 
centage of  the  length  of  any  improvement  and  on  the  greater  por- 
tion of  the  road  the  most  economical  elevation  and  any  intermediate 
grade  can  be  used.  A  grade  so  established  that  the  cut  in  every 
cross-section  would  just  make  the  fill  at  that  point  would  result  in 
the  least  possible  excavation  and  the  cheapest  kind  of  grading 
methods.  This  condition  can  never  be  realized,  but  the  nearer  it  is 
approximated  the  nearer  the  most  economical  grading  design  is 
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approached.  Where  intermediate  grades  are  applicable,  there  is  no 
restriction  on  any  combination  of  rates,  as  they  have  no  effect  on 
traffic-loads  and  very  little  effect  on  motor  operation  cost,  and  by 
an  intelligent  selection  the  ideal  solution  can  be  closely  approxi- 
mated. The  cheapest  and  most  satisfactory  profile  can  be  obtained 
by  the  use  of  the  "rolling  grade."  By  this  is  meant  a  profile  made 
up  of  a  combination  of  simple,  compound,  or  reverse  vertical  curves, 
connected  by  tangent  grades  only  when  the  tangent  grade  is  the 
most  economical  or  is  necessary  to  prevent  a  series  of  short  humps 
and  hollows.  Long,  straight  grades  are  not  required,  a  mistake 
easily  made  by  engineers  trained  in  railroad  work.  Short  grades 
ire  not  objectionable  and  reverse  vertical  curves  ride  easily  if  well 
built.  The  rolling  grade  is  also  more  pleasing  in  appearance  than  a 
traight  profile  if  not  carried  to  extremes.  The  detail  methods  of 
aying  such  a  grade  are  described  in  Chap.  XIV  (p.  963).     It  appears 

.  Undulating  Orade}  Proper  Use  Saves  Excavation  and  is, 
:  at  the  Same  Time  an  Easy  Riding  Profile. 
•    Additional  Rise  and  Fall  on  L  igh  t  Grade  Unimpertan  t 


Straight  Grade^unnecessary  Amount  of  Excavation 


S+ctIO         II  \Z         13 


19       20 


r 


. .  Hump  of  this.  Kind  must  be 
Disregarded 


'Straight  Grade  Proper  Use 
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23         24         25    +602&+55  27 
Illustrating  Proper  Use  of 
Strc^htomol  Undula+'ing  6rc«dQs 

Proper  and  improper  use  of  "rolling"  grade. 


:hat  there  is  too  much  tendency  to  cut  the  top  of  each  knoll  and 
ill  each  hollow,  for  very  little  practical  advantage  results  from 
educing  a  natural  4%  grade  to  3.5%  or  a  3.5%  natural  grade  to  a 
i%  if  the  ruling  grade  is  5%  and  the  rise  remains  fixed.  See 
Table  2,  p.  6  for  the  formulated  conclusion  in  regard  to  reduction 
)f  intermediate  grades  and  page  56  for  economic  discussion. 

The  importance  of  avoiding  this  tendency  cannot  be  overesti- 
mated, as  the  plans  of  about  2000  miles  of  road,  constructed  in  the 
ast  10  years,  which  the  writer  has  looked  over  in  this  connection 
show  a  needless  expenditure  of  at  least  a  million  dollars  for  grading 
.vhich  has  no  practical  value  whatever.  This  element  of  costly 
iesign  in  current  practice  is  probably  due  to  the  fact  that  the  savings 
ire  not  spectacular  at  any  one  place,  but  if  the  principle  is  con- 
istently  used  the  total  result  is  spectacular. 

It  is  also  undoubtedly  true  that  the  previous  railroad  training 
)f  many  road  engineers  has  had  a  detrimental  effect  on  intermediate 
Drofile  design.  From  the  standpoint  of  highway  design,  railroad 
aractice  overemphasizes  the  elimination  of  minor  rise  and  fall  on 
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light  grades.  The  author  has  personally  applied  the  "rolling- 
grade"  principle  on  construction  work  for  the  last  15  years  and  has 
found  that  the  saving  averaged  about  $500  per  mile  (using  the  1926 
scale  of  prices  these  savings  would  have  averaged  $1000  per  mile). 
A  systematic  grade-line  design  will  also  often  change  the  method  of 
grading  as  well  as  reduce  the  yardage.  To  illustrate,  theHeber 
Fruitland  Road  in  Utah  will  be  cited.  The  original  design  used 
long,  straight  railroad  grades  which  required  wagon  haul;  the  rede- 
sign used  a  rolling  grade  which  not  only  reduced  the  amount  of 
excavation  by  about  30%  but  also  practically  eliminated  wagon  haul 
for  most  of  the  work  and  made  it  possible  to  handle  the  dirt  with 
slip  scrapers  and  road  machine  blade  scrapers.  This  reduced  the 
cost  per  cubic  yard  about  25%.  The  quantity  reductions  plus  the 
unit-cost  reductions  amounted  to  approximately  50%. 

In  order  to  strengthen  the  force  of  the  argument  for  "rolling 
grades"  the  following  statement  by  G.  R.  Harr,  Office  Engineer  of 
the  Indiana  Highway  Commission,  is  inserted.  The  work  to  which 
he  refers  was  done  under  the  direction  of  H.  K.  Bishop,  Chief 
Engineer. 

"When  we  started  here  last  May  a  year  ago  we  had  some  plans  previously 
prepared  that  had  long,  straight  tangent  railroad  grades.  We  revised  these 
plans  using  rolling  grades  having  long  and  short  vertical  curves.  In  so 
doing  we  reduced  the  excavation  very  materially. 

"From  what  I  remember  of  the  projects  and  the  work  on  the  same  we 
saved  from  about  500  up  to  4000  yd.  to  the  mile.  On  one  project  the  total 
excavation  was  cut  practically  in  half." 

The  Effect  of  Arbitrary  Profile  Limitations  on  Cost. — A  common 
grade-line  limitation  calls  for  tangent  grades  drawn  to  intersection 
with  simple  vertical  curves  easing  off  the  apex  and  insists  on  ioo'  of 
tangent  grade  between  the  ends  of  these  vertical  curves.  This 
sounds  scientific  but  has  no  practical  value  and  is  cited  to  illustrate 
the  danger  of  ill-considered  limitations.  A  specification  of  this 
kind  often  increases  the  grading  by  from  500  to  1000  cu.  yd.  per 
mile,  an  example  of  which  is  given  below. 

Pittsford  North  Henrietta  Road  in  New  York  State 
Length  2.67  miles 

Original  Design  Revised  Design 

Maximum  grade,  5%.  Maximum  grade,  5%. 

Profile,    straight    grades    with    Profile,  rolling  grade, 
ioo'  of  tangent  between  ver- 
tical curves. 
Original  amount  excavation,  Revised  amount  9300  cu.  yd. 

11,450  cu.  yd. 

(A  saving  of  800  yd.  per  mile.) 

In  conclusion,  it  may  be  said  that  the  matter  of  intermediate 
grades  needs  more  care  than  it  often  receives. 

MINIMUM  GRADES 

Hard-surfaced  Pavements. — Many  road  books  claim  that  level 
grades  should  not  be  used  because  of  the  liability  of  water  standing 
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in  ruts,  and  that  a  certain  minimum  grade  should  be  adopted  that 
will  insure  their  longitudinal  drainage.  Baker  states,  in  his  "  Roads 
and  Pavements,"  that  for  macadam  roads  English  engineers  use  a 
minimum  grade  of  1.5%,  French  engineers  0.8%,  and  that  the 
American  practice  favors  0.5%.     This  means  that: 

For  a  1.5%  grade  the  fall  would  be  \£'  per  foot. 

For  a  0.8%  grade  the  fall  would  be  Ho"  Per  foot. 

For  a  0.5%  grade  the  fall  would  be  Y\§"  per  foot. 

The  flattest  crown  that  is  ordinarily  used  even  on  bituminous 
macadam  is  %"  per  foot,  or  twice  as  much  as  the  greatest  longi- 
tudinal fall  in  the  above  list.  For  long  ruts  the  longitudinal  grade  is, 
of  course,  effective,  but  the  patrol  system  of  maintenance  is  supposed 
to  prevent  their  formation  and  for  short,  small  depressions  the 
crown  slope  must  furnish  the  drainage.  There  seems  to  be  no  reason 
why  level  grades  should  not  be  used  on  hard-surfaced  roads;  on 
such  stretches  the  crown  can  be  increased  slightly  to  insure  trans- 
verse drainage  and  the  ditches  given  a  minimum  longitudinal  fall  of 
0.2  to  0.5'  per  100'  depending  on  the  soil  to  insure  the  longitudinal 
drainage  of  the  surface  water. 

Earth  Roads. — On  earth  or  gravel  roads  attention  should  be 
given  to  minimum  grades,  as  for  these  types  they  have  some  value, 
but  not  enough  to  warrant  much  expenditure. 

It  is  advisable  to  use  a  0.4  to  0.5%  grade  where  much  snow  or 
rain  occurs,  but  in  the  arid  regions  no  minimum  restriction  should 
be  specified. 

ADVERSE  GRADES 

Adverse  grades  are  denned  as  grades  contrary  to  the  general  rise 
and  fall  of  the  road  between  terminals  or  controlling  points.  It  is 
important  to  avoid  them  on  mountain-road  locations  where  the 
prime  object  is  to  gain  elevation  or  on  main  commercial  roads  where 
the  factor  of  rise  and  fall  has  considerable  value.  They  are  not  a 
serious  drawback  for  the  usual  road  and  cannot  be  avoided  in- 
ordinary rolling  topography.  This  is  so  self-evident  that  it  hardly 
seems  necessary  to  state  it.  There  is  no  serious  objection  to  short 
adverse  grades  even  on  a  long  climb,  if  by  their  use  the  alignment 
can  be  bettered  and  excavation  saved  in  crossing  a  small  gully. 
There  is  no  objection  to  adverse  grades  of  2%  or  less  on  any  road. 
The  main  objection  to  long  adverse  grades  is  that  they  introduce 
considerable  additional  rise  and  fall  which  could  be  avoided  by  a 
better  engineering  location.  This  point  is  generally  considered  in 
the  selection  of  the  general  route  and  is  covered  by  the  comparison 
of  routes  in  the  preliminary  investigation. 

VERTICAL  CURVES 

Vertical  curves  between  tangent  rates  of  grade  add  to  the  safety, 
convenience,  and  appearance  of  the  highway.  Vertical  curves,  as 
a  rule,  are  picked  out  to  fit  the  natural  profile  and  in  easy-rolling 
topography  this  method  of  selection  need  not,  as  a  rule,  be  modified 
for  any  other  consideration.  There  are  cases,  however,  where 
the  length  of  the  vertical  curve  at  the  summit  of  a  hill  controls  the 
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length  of  sight  ahead,  and  under  these  conditions  certain  minimum 
lengths  are  stipulated.  A  reasonable  basis  for  decision  in  these 
cases  appears  to  be  founded  on  clear  sight  ahead  at  all  times  of  350' 
for  main  commercial  special-service  roads  and  250'  for  local  service 
roads  except  in  mountainous  regions  where  the  sight  distance 
requirement  cannot  be  reasonably  obtained.  On  this  basis  the  fol- 
lowing table  is  compiled,  assuming  that  the  line  of  sight  is  5.5'  above 
the  ground  at  the  two  ends  and  tangent  to  the  vertical  curve  (see 
diagram  for  line  of  sight  5'  above  ground  at  ends). 


Table  29. — Based  on  a  Line  of  Sight  5' 

at  Both  Ends 


6"  ABOVE  THE  GROUND 


Algebraic  differ- 

Minimum length  of 

Minimum  length  of 

ence  in  rates  of 

vertical  curve  in  feet  for 

vertical  curve  in  feet  for 

grade,  % 

a  sight  distance  of  250' 

a  sight  distance  of  350' 

6 
8 

150 

10 

50 

250 

12 

135 

330 

14 

190 

400 

16 

225 

450 

- 

. 

As  a  matter  of  fact,  merely  on  account  of  appearance  and  con- 
venience in  motor  operation  to  prevent  disagreeable  checking  in 
speed  at  the  foot  of  hills,  it  is  not  wise  to  use  a  vertical  curve  less 
than  100'  long  between  grades  having  an  algebraic  difference  in 
rate  of  5%  or  less.  Vertical  curves  are  generally  used  between  all 
grades  having  an  algebraic  difference  of  over  one-half  of  1%. 

Minimum  length  of  vertical  curves  from  the  standpoints  of 
convenience,  appearance,  and  sight  distance  can  be  assumed  roughly 
as  follows.  There  is  no  limitation  on  maximum  length  except 
that  the  curve  should  fit  the  profile  without  excessive  grading. 
Vertical  curves  should  be  made  as  easy  as  possible  without  running 
up  cost  needlessly. 


Table    30. — Recommended    Minimum    Lengths    of    Vertical 
Curves  between  Tangent  Grades 


Algebraic  differ- 
ence in  rates  of 
tangent  grades, 
% 


Minimum  length  of  ver- 
tical curves  on  local 
service  roads,  feet 


Minimum  length  of  ver- 
tical curves  on  special- 
service  commercial  roads, 
feet 


5  or  less 


10 
12 

14 
16 


100 
ISO 
200 
250 
270 
300 


100-150 
200 
300 
400 
450 
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Summary  of  Grades. — The  discussion  of  economic  grading 
design  may  be  summarized  as  follows: 

The  road  value  of  reasonable  maximum  grades  and  a  minimum 
amount  of  rise  and  fall  on  steep  grades  cannot  be  overestimated. 
Any  expenditure  on  these  features  is  justified  so  long  as  it  is  con- 
sistent with  the  theory  of  cheap  operation.  The  use  of  properly 
proportioned  short  maximum  grades  in  connection  with  long  ruling 
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Required  length  of  vertical  curves  for  different  sight  distances 
U.  S.  Bureau  Public  Roads  Standard.  (Based  on  line  of  sight  5  ft. 
above  ground  at  both  ends  and  tangent  to  road  surface  at  middle.) 

grades  is  a  source  of  justifiable  economy  and  works  no  hardship 
except  for  long  trailer  trains.  The  use  of  the  highest  reasonable 
maximum  to  shorten  distance  for  a  fixed  rise  results  in  considerable 
construction  saving  in  many  cases  and  is  justified  on  the  score  of 
reducing  motor  operation  costs.  Distance  should  never  be  increased 
for  a  fixed  rise  to  reduce  grades  below  a  reasonable  maximum. 

Minimum  center-line  grades  have  no  road  value  on  hard-surfaced 
roads  and  only  a  slight  value  on  earth  roads.  Minimum  ditch 
grades  are  important. 
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The  traffic  value  of  intermediate  grades  is  negligible  on  local 
ervice  roads  and  only  of  minor  importance  on  special-service  roads, 
ntermediate  grade-line  design  has  a  large  effect  on  grading  cost 
nd  is  entitled  to  very  careful  consideration.  The  most  common 
aults  of  the  ordinary  treatment  of  these  grades  are  the  needless 
eduction  of  light  natural  grades  and  the  use  of  long,  straight  rail- 
oad  rates  of  grade.  There  is  no  practical  advantage  whatever  from 
he  use  of  long,  uniform  light  rates  of  grade  where  the  total  rise  and 
all  is  not  changed  and  very  little  real  value  is  accomplished  by  the 
eduction  of  minor  rise  and  fall  occurring  on  light  natural  grades. 


ALIGNMENT 

Alignment  affects  the  safety,  speed,  ease,  and  hauling  power  of 
raffic  and  the  cost  of  road  construction.  Highway  location  is 
ontrolled  at  many  places  by  the  effect  of  curvature  on  maximum 
rade  and  the  effect  of  alignment  on  construction  cost.  Sharp 
lignment  modifies  the  allowable  rate  of  grade,  the  width  of  pave- 
aent,  width  and  shape  of  section,  and  increases  the  need  for  sub- 
tantial  safety  devices,  such  as  retaining  wall  or  concrete  or  steel 
able  guard  rail.  At  this  point  in  the  discussion  it  is  necessary  to 
onsider  only  the  factors  in  connection  with  alignment  which  would 
laturally  control  the  field  survey  location,  namely,  the  effect  of 
lignment  on  grade,  cost  of  construction,  and  safe  sight  distance 
or  traffic.  The  effect  of  alignment  on  banking  and  widening  pave- 
lents  on  curves  and  on  the  design  of  guard  rail,  etc.  will  be  taken 
ip  in  Chap.  III. 

In  well-settled  communities  alignment  is  practically  controlled 
)y  the  existing  road  right  of  ways  except  where  short  relocations 
vill  materially  reduce  distance,  needless  rise,  extreme  grade,  or 
langer  to  traffic.  In  sparsely  settled  communities  alignment  is  not 
landicapped  by  right-of-way  difficulties.  As  a  general  proposition, 
langerous  or  crooked  alignment  should  not  be  introduced  to  reduce 
rades  below  the  maximum.  If  it  is  necessary  in  order  to  get  the 
naximum  grade  or  to  keep  the  construction  cost  within  reason,  well 
md  good.  By  this  is  meant  that  a  straight  road  on  a  5  or  7%  grade 
s  generally  more  satisfactory  than  the  same  road  on  a  3  or  5% 
;rade  with  a  dangerous  turn.  If  the  lower  grade  can  be  obtained 
vithout  dangerous  alignment  and  without  increasing  distance,  all 
veil  and  good.  A  reasonable  maximum  grade,  however,  should 
lot  be  sacrificed  on  a  side-hill  location  for  better  alignment,  as 
uture  improvements,  grading,  etc.  can  reduce  alignment  danger 
nuch  more  easily  than  it  can  reduce  grade  by  an  entire  relocation, 
md  the  danger  at  a  few  sharp  bends  on  a  long  climb  having  nor- 
nally  safe  alignment  can  be  reduced  by  flattening  the  grade  at  the 
langer  point;  that  is,  the  necessity  of  one  or  two  sharp  switchback 
urns  to  get  a  long  reasonable  maximum  rate  would  not  warrant 
in  increase  in  grade  above  the  reasonable  maximum  in  order  to 
liminate  these  turns.  Short  maximums  in  connection  with  long 
ower  maximums  are  warranted  to  improve  alignment.  The  general 
principles  of  alignment  are  given  on  pp.  82  and  120. 
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Dangerous  Alignment. — Danger  due  to  alignment  is  largely  a 
relative  matter.  If  a  road  is  uniformily  crooked,  few  accidents 
occur.  The  worst  condition  for  accidents  is  a  single  sharp  curve  on 
a  road  otherwise  straight.  If  an  extremely  sharp  curve  is  necessary, 
the  danger  can  be  greatly  reduced  by  gradually  increasing  curvature 
and  reducing  sight  distance  for  other  curves  as  the  danger  point  is 
approached.  This  method  has  been  successfully  used  in  western 
New  York  in  approaching  difficult  hair-pin  turns. 

The  state  of  Maryland  has  kept  track  of  auto  smashups  and 
reports  more  accidents  on  straight  alignment  than  on  curves  and 
more  accidents  on  sparsely  traveled  sections  of  main  roads  than  in 
the  congested  districts  near  cities.  This  is,  apparently,  due  to  the 
temptation  to  "step  on  it"  under  apparently  favorable  conditions. 

Sharp  curves  are  not  particularly  dangerous  for  slow  horse  traffic 
but  they  are  extremely  dangerous  for  high-speed  motor  traffic, 
particularly  on  through  roads  used  by  drivers  not  familiar  with  the 
locality.  It  is,  of  course,  impossible  to  protect  traffic  from  the 
carelessness  of  speed  maniacs,  but  the  danger  of  collisions  can  be 
materially  reduced  by  alignment  which  permits  the  driver  to  see 
ahead  a  reasonable  distance  at  all  times.  Cars  driven  at  high 
speed  are  liable  to  leave  the  road  on  almost  any  curve,  as  observa- 
tion has  shown  that  about  as  many  cars  go  off  moderately  easy 
curves  up  to  500'  radius  as  they  do  on  very  sharp  curves,  on  account 
of  the  tendency  to  take  the  easier  curves  at  excessively  high  speed. 
The  danger  of  collision  is  less,  however,  as  it  gives  the  other  man  a 
chance  to  protect  himself.  We  are  not  particularly  grieved  if  a  fool 
does  commit  suicide.  A  touring  speed  of  25  to  35  m.p.h.  is  reason- 
able for  main-road  travel  in  ordinary  rolling  topography.  Tests 
on  the  braking  power  of  automobiles  show  that  a  passenger  car 
traveling  20  m.p.h.  can  be  stopped  in  40',  and  one  going  40  m.p.h. 
in  140'  by  the  use  of  the  emergency  brake.  As  a  matter  of  fact, 
brakes  are  not  always  efficient,  a  driver  requires  a  little  time  to 
realize  that  danger  exists  after  first  seeing  the  approaching  car,  so 
that  the  determination  of  safe  sight  distance  is  largely  a  matter  of 
judgment. 

Sight  Distance. — The  authors  have  written  to  a  large  number  of 
automobile  clubs  over  the  country  and,  in  the  main,  they  agree  on 
250  to  300'  as  the  minimum  safe  sight  distance  ahead  at  all  times. 
The  shorter  distance  is  used  on  local  service  roads  where  most  of  the 
drivers  are  familiar  with  the  road  and  the  longer  distance  for  main 
routes  carrying  foreign  traffic  not  familiar  with  the  existing  align- 
ment. This  corresponds  with  the  practice  of  various  highway 
departments.  Roads  built  with  this  limitation  seem  satisfactory  to 
traffic.  A  sight  distance  of  this  kind  does  not  necessarily  depend  on 
alignment  unless  the  curve  is  in  cut.  Alignment  is  not  affected  by 
sight  distance  unless  the  curve  is  in  cut  or  along  a  side  hill  where  the 
cut  slope  is  on  the  inside  of  the  curve  or  where  buildings  or  trees 
occur  along  the  right-of-way  line.  The  smallest  radius  of  curvature 
that  is  permissible  to  give  a  certain  sight  distance  depends  on  the 
width  of  the  road  section  in  cut  and  can  be  easily  worked  out  dia- 
grammatically  for  any  special  case.  To  give  an  idea  of  the  various 
minimum  alignment  radii  required  for  the  different  sight  distances 
for  curves  in  cut,  Table  31,  is  inserted. 
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Contracted  5ecrion  in  Deep  Cuts. 
Thisisthe  Section  on  which  this  Table  is  Based 


Table  No  31 


This  table  is  compiled  for  the  minimum  width  section  used  in 
Mew  York  State  in  1919.  Similar  tables  can  be  prepared  for  the 
tandard  sections  in  use  in  any  particular  locality.  Column  A  in 
ach  case  applies  where  the  curve  is  on  a  straight  grade  and  the  line 
)f  sight  is  5'  6"  above  the  crown  grade  of  the  road.  Column  B  in 
ach  case  applies  where  the  curve  is  at  a  change  of  grade  and  the 
ine  of  sight  is  just  above  the  ground  at  the  ditch  line. 


.Bench  cut  cuf  of  Slope 
\to  increase  Sight  Distance 


Banked  One  Way  Cromr^ 


Fig.    15. — "  Daylighting"  a  curve. 

The  radius  for  a  specified  sight  distance  can  be  figured  by  the 
3rmula 


R  = 


m     a_ 

2  +  oM' 


/here  R  =  the  road  center  line  radius,  in  feet. 

M  =  the  distance  in  feet  off  the  center  line  of  the  road  where 
the  line  of  sight  comes  tangent  to  the  cut  slope  or  any 
other  obstruction. 
C  =  required  length  of  sight  distance,  in  feet. 
The  sight  distance  for  any  specified  alignment  radius  and  stand- 
rd  section  can  be  increased  by  "daylighting"  the  curve  as  shown 
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in  Fig.  15.  This  method  has  the  distinct  advantage  of  cheapeninj 
the  grading  cost  and  it  also  gives  the  driver  a  chance  to  see  ahea( 
even  if  he  hugs  the  inside  of  the  curve. 

Current  Practice,  Minimum  Curvature. — Sharp  curves  on  stee] 
grades  or  at  the  foot  of  such  grades  are  not  safe.  Good  practio 
calls  for  a  minimum  radius  of  400'  to  8oo'  for  these  cases  in  ordinary 
topography.  Right-angle  turns  even  on  level  stretches  are  ai 
abomination  to  the  Lord.  A  minimum  radius  of  200'  for  sucl 
cases  increases  the  convenience  of  the  road  and  is  greatly  appreciatec 
by  the  road  users. 

France  and  Austria  have  used  minimum  radii  of  100  to  165'  oi 
main  roads  and  as  low  as  50'  radii  on  district  roads,  but  these  limit 
are  hardly  suitable  for  fast  traffic.  The  use  of  tractor  trailer  trains 
four-  or  six-horse  teams,  or  the  hauling  of  long  timber  sometime 
limits  the  radius  of  a  curve. 


.  Pa-th  of  inside  front  wheel  orC.L.of  Road 
■  Path  of  inside  back  wheel 


for  or  I  I  ordinary  cases,  W  can  be 
approximated  b(j  the  following  formufa' 


Fig.   16. — Rear  wheel  encroachment. 


Rear-wheel  Encroachment. — Under  these  conditions  it  is  desirabl< 
to  widen  the  section  of  the  inside  of  the  curve  to  provide  clearance 
for  the  last  wagon  or  the  back  wheels  of  a  long  rig  as  they  work  ir 
towards  the  bank.  To  approximate  roughly  the  distance  that  the 
last  wheel  works  inside  of  the  front  guide  wheel  track,  it  will  hi 
assumed  that  the  rig  has  a  stiff  connection  between  the  front  anc 
rear  axles.  This  will  give  a  result  on  the  safe  side,  as  for  a  loosely 
coupled  train  or  a  special  swinging  rear  axle  much  sharper  corners 
can  be  turned. 
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Table   32. — Table   of   Approximate    Encroachment  of  Rear 
Wheel  Inside  of  Path  of  Front  Wheel  for  Different 
Lengths  of  Rig  and  Different  Radii  of  Road  Cen- 
ter Line,  Assuming  that  the  Central  Angle  of 
the  Curve  is  Large  Enough  to  Produce  the 
Full  Encroachment.     This  Generally  Occurs 
When  the  Curve  is  Two  or  Three 
Times  as  Long  as  the  Length  of 
the  Rig 


Approximate 

Length  of  rig  between  front  and  rear  axle,  in  feet 

radius  of 

10 

20 

30 

40 

50 

road  center 
line,  in  feet 

The  values  given  below  are  the  approximate  distances 

in  feet  that  the  rear  wheel  runs  inside  of  the  front  wheels 

40 

1-3 

5-4 

50 

1  .0 

4.2 

10. 0 

60 

0.8 

3-4 

8.0 

153 

70 

0.7 

2.9 

6.8 

12  .6 

21 

0 

80 

0.7 

2.5 

5-8 

10  .7 

17 

5 

100 

0.5 

2  .0 

4.6 

8.4 

13 

4 

120 

0.4 

I  -7 

3-8 

6.9 

10 

9 

150 

0.3 

1  -3 

30 

5-4 

8 

6 

200 

0  .2 

I  .0 

2.3 

4.0 

6 

4 

300 

0  .2 

0.7 

1.5 

2.7 

4 

2 

400 

0 . 1 

0.5 

1 . 1 

2.0 

3-1 

Note. — According  to  Droune,  the  first  pair  of  horses  will  occupy  about 
13'  ahead  of  the  wagon  and  each  additional  pair  10'  more  each.  Wagons 
range  in  length  from  about  io'  for  the  bottom-dump  type  to  so'  for  trucks 
hauling  timbers.  The  ordinary  commercial  5-ton  truck  has  a  wheel  base  of 
14  to  17'.  Recent  regulations  limit  the  length  from  20  to  30'  overall,  and 
the  total  length  of  trailer  trains  to  90'. 

Mountain-road  Alignment. — In  mountain-road  location  it  is 
generally  impossible  to  provide  a  safe  sight  distance  except  for 
main  routes  as  it  would  be  prohibitive  in  cost  on  local  roads.  For 
such  conditions  considerable  must  be  left  to  the  care  of  the  driver 
and  the  limitations  of  alignment  are  based  more  on  the  cost  of 
construction  than  on  the  safety  of  traffic.  Where  long  timbers  are 
hauled  over  the  road  the  foregoing  table  indicates  the  extra  width 
or  radius  required. 

Effect  of  Alignment  on  Grade. — On  sharp  curves  it  is  desirable 
for  the  driver  to  have  first-class  control  on  the  score  of  safety.  An 
extremely  sharp  curve  with  a  large  central  angle  also  reduces  the 
hauling  capacity  of  a  six-horse  team  by  from  20  to  40%.  Consider- 
ing both  safety  and  team  hauling,  it  is  therefore  desirable  to  reduce 
ruling  grades  on  sharp  curves.  These  considerations  have  no 
practical  value  on  mountain  roads  for  curves  having  radii  greater 
than  100',  but  on  sharper  curves  good  practice,  recognizes  this 
principle.  Ordinary  design  uses  radii  of  from  40  to  80'  on  difficult 
switchback  turns.  For  a  40'  radius  the  grade  should  not  exceed  3  % 
and  for  an  8o'  radius  4%  is  a  reasonable  maximum.  For  high-class 
roads  in  well-settled  districts  aft  points  where  the  sight  distance  is 
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less  than  350'  for  commercial  roads  or  250'  for  secondary  state  routes 
or  local  service  roads,  the  grade  should  not  exceed  3%.  On  high- 
class  roads  where  the  sight  distance  does  not  govern,  the  following 
simple  rule  has  served  satisfactorily. 

Compensating  Grades  for  Curvature  (High-class  Roads). — 
A  simple  rule  for  compensation  of  maximum  grades  on  steep  curves 
is  to  reduce  grade  around  curve  enough  to  permit  future  alignment 
straightening  up  to  the  highest  standards  of  alignment  without 
increasing  the  future  rate  of  grade  for  the  improved  future  location 
beyond  a  reasonable  maximum.  The  authors  compensate  curves 
sharper  than  the  permissible  maximum  for  the  class  of  road  in 
question  on  the  basis  of  first-class  future  alignment  with  reasonable 
maximum  future  gradient.  This  rule  automatically  takes  care  of 
the  difference  in  central  angle,  which  is  an  important  factor. 

Effect  of  Alignment  on  Motor  Operation  Costs. — Dangerous 
sharp  alignment  increases  motor  operation  costs.  It  decreases 
normal  speed  and  results  in  the  needless  use  of  second-  or  low-gear 
climbing  and  excessive  braking  on  down  grades.     This  action  occurs, 
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Pig.  17. — Graph  illustrating  approximate  effect  of  dangerous 
alignment  on  motor  operation  cost  (time  factor  included).  Curve 
A  safe  alignment  (based  on  Table  5,  column  1,  p.  12),  curve  B 
dangerous  alignment  (operation  factors,  modified  for  sharp 
alignment). 


however,  only  on  a  very  small  percentage  of  the  distance  on  a  well- 
designed  road,  viz.,  at  the  danger  points;  that  is,  if  the  alignment  is 
safe  for  traffic  it  does  not  affect  the  operating  cost.  If  it  is  danger- 
ous for  traffic  it  does  affect  the  operating  cost.  As  real  danger  is  a 
more  vital  matter  in  the  design  than  cost  of  operation,  alignment 
design  is  controlled  by  the  factor  of  safety  and  not  by  considerations 
of  operating  cost;  that  is,  danger  will  be  ehminated  if  it  is  possible 
to  do  so  and  no  consideration  of  cheaper  operation  will  improve  the 
alignment  if  the  consideration  of  danger  had  not  been  sufficient 
to  warrant  it. 

While  there  are  no  good  data  on  the  effect  of  alignment  on  oper- 
ating cost,  there  is  sufficient  general  data  to  warrant  stating  with 
reasonable  assurance  that,  if  the  radii  of  curvature  are  not  sharper 
than  from  250  to  300'  on  the  level  or  less  than  400  to  600'  on  grades 
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and  the  sight  distance  is  not  less  than  250',  reasonable  speeds  need 
not  be  reduced  on  account  of  alignment  and  motor  operating  costs 
are  not  materially  affected.     For  sharper  curvature  and  shorter 

ight  distance  the  cost  of  operation  is  probably  increased.  How 
much  is  not  known,  but  purely  as  a  matter  of  academic  interest 
the  factors  used  in  compiling  Table  5  (p.  12),  for  usual  alignment, 
have  been  modified  to  conform  with  certain  observed  speeds  on 
dangerous  alignment.     Figure  17  page  118  shows  the  result. 

Curve  A  represents  safe  alignment,  curve  B  represents  dangerous 
alignment. 

The  general  conclusion  to  be  drawn  is  that  motor  operation  is 
cheaper  on  good  alignment  and  that,  if  alignment  can  be  made  safe 
3y  steepening  the  rate  of  grade,  a  slight  increase  in  rate  will  not  add 
to  motor  operation  costs  over  that  required  for  the  lower  rate  and 
poor  alignment. 

In  conclusion,  it  may  be  said  from  the  standpoints  both  of  safety 
and  of  operating  costs  that  it  is  desirable  to  design  special-service 
commercial  roads  for  a  sight  distance  of  about  350'  and  local 
service  or  secondary  state  routes  for  about  250'.  Considerable 
expenditure  is  justified  to  obtain  this  requirement,  but  large 
additional  cost  in  order  to  increase  further  the  sight  distance  is 
vvasteful  and  poor  engineering,  particularly  on  roads  of  secondary 
mportance.  This  caution  is  not  a  needless  one,  as  designers  often 
:xcuse  excessive  profile  and  grading  on  the  score  that  it  increased 
:he  sight  distance  beyond  the  350'  limit.  This  limit  is  not  neces- 
sarily proper  or  liberal  enough  for  all  conditions,  but  it  seems  good 
;ense  to  arrive  at  some  limit  suitable  for  the  road  in  question  and 
:hen  to  eliminate  additional  expenditure  for  an  additional  sight 
listance  which  may  be  fine  if  it  can  be  afforded,  but  which  is  really 
lot  necessary.  The  tendency  of  almost  all  departments  working 
.vith  large  appropriations  is  gradually  to  increase  the  fancy  extras 
vhich  may  not  amount  to  much  for  one  case  but  which  grow  in 
lumber  like  a  snowball  until  it  is  wondered  why  the  cost  of  roads  is 
joing  up  and  the  mileage  for  appropriations  coming  down. 

Effect  of  Alignment  on  Construction  Cost. — For  high-class  road 
mprovements  in  ordinary  topography,  alignment  does  not  have 
nuch  effect  on  cost  of  construction.  There  is  no  particular  object 
n  long  tangents,  and  where  an  old  road  is  being  paved  it  is  just  as 
veil  to  shift  the  center  fine  slightly  to  keep  on  the  old  traveled  way 
md  take  advantage  of  the  old  grading  and  any  hard  metalling  that 
nay  have  been  placed  in  the  past.  Slight  variations  from  the 
enter  of  the  right  of  way  often  save  some  grading  expense  and 
mprove  the  character  of  the  subgrade  for  the  pavement. 

In  mountain-road  location,  alignment  is  given  careful  considera- 
ion,  as  it  has  a  marked  effect  on  cost.  The  radii  are  made  as  large 
.s  possible  to  fit  the  mountain  side  without  excessive  grading.  On 
teep  slopes  the  grade  contour  must  be  followed  closely.  There  is 
10  hesitation  in  using  radii  as  sharp  as  80'  at  the  head  of  gullies 
vhere  the  driver  can  see  across  the  curve  or  a  radius  of  ioo'  on 
he  outside  curves  around  points  where  the  sight  distance  depends 
>n  the  radius.  Even  these  limits  are  impracticable  in  very  rough 
ountry  where  radii  of  40'  are  considered  reasonable.     All  outside 
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curves  having  a  sight  distance  of  less  than  250'  should  be  posted 
with  danger  signs. 

The  arbitrary  limitation  of  minimum  radius  has  a  large  effect  on 
cost.  The  following  example  will  illustrate  this  point.  These 
revisions  were  made  by  C.  H.  Chilvers  on  the  Rabbit  Ears  Pass 
Road  in  Colorado  to  show  the  effect  of  alignment  on  excavation. 

The  office  method  of  plotting  a  good  cheap  alignment  is 
described  in  detail  in  Chap.  XIV  (p.  n  08). 


Rabbit   Ears   Road,  State   of    Colorado,    Side-hill   Section 


Original  design 

First  revision 

Second  revision 

Length,  8.79  miles 
Width  of  roadway,  16' 
Maximum  grade,  8  % 
Grades     flattened  on 

switchback  turns 
Minimum  radius,  ioo' 
First-class    alignment 

throughout 

Total  amount  of  exca- 
vation, 91,000  cu.  yd. 

First-class  design  but 
needlessly  expensive 

Length,  8.81  miles 

Width,  16' 

Maximum  grade  8  % 

No  grade  compensation 
on  curves 

Minimum  radius,  ioo' 

First-class  alignment 
but  more  curving,  elim- 
inating many  expen- 
sive tangents 

Amount  of  excavation, 
65,000  cu.  yd. 

First-class  design  shows 
effect  of  careful,  intelli- 
gent alignment  engi- 
neering 

Length,  8.94  miles 
Width,  1 6' 

Maximum  grade,  8.5% 
No     compensation     on 

curves 

Minimum  radius,  40' 
Poor,  crooked  alignment 

carried  to  extremes 

Amount  of  excavation, 
38,000  cu.  yd. 

Illustrates  extreme  effect 
of  alignment  on  cost 

From  an  engineering 
point  of  view  there  was 
no  justification  for  this 
design  for  the  topog- 
raphy in  question 

Note. — On  one  switchback  turn  on  this  road  a  ioo'  radius  required 
5000-cu.  yd.  excavation  and  a  40'  radius  500  cu.  yd.,  or  one-tenth  as  much. 
Short  radii  are  justified  in  isolated  cases  but  their  continuous  use  to  save 
small  amounts  is  poor  practice. 

Effect  of  Railroad  Grade  Crossings  on  Alignment  and  Grade. — 

Railroad  grade  crossings  are  sources  of  continual  danger;  they  should 
be  eliminated  on  all  main  routes.  Subway  and  overhead  elimina- 
tions are  discussed  in  Chap.  IX.  Specifications  for  approach 
grades  and  alignment  are  given  in  Chap.  IX  (p.  609). 

Recommended  Alignment  Practice. — The  following  summary 
agrees  with  general  current  practice  and  can  often  be  used  without 
raising  the  cost  beyond  the  bounds  of  reason.  A  summary  of  this 
nature  is,  of  course,  of  only  general  value.  Each  case  must  be 
worked  out  on  its  own  merits.  Broad  generalizations  of  detail 
requirements  are  dangerous  if  used  indiscriminately. 
Main  commercial  roads  (well-settled  districts): 

Minimum  sight  distance 300-400'. 

Minimum  radius  of  curvature  at  right-angle  turns  on 
level  outside  of  villages  where  sight  distance  does  not 

control 250-400' 

Minimum  radius  of  curvature  on  steep  grades  or  at  the 
foot  of  such  grades,  depending  on  the  central  angle 
where  the  sight  distance  is  not  the  controlling  factor.   600-800'. 
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Ordinary  agricultural  roads  (local  service): 

Minimum  sight  distance 200-250'. 

Minimum  radius  of  curvature  at  right-angle  turns  on 

level  outside  of  villages 100-200'. 

Minimum  radius  of  curvature  on  steep  grades  where 

sight  distance  does  not  govern 400-600'. 

Mountain  roads: 

No  limitation  on  sight  distance. 

Warning  signs  used  where  necessary. 

Minimum  radius  on  steep  grades .  100'. 

Minimum  radius  in  extremely  rough  ountry,  40'.  Grades  not 
to  exceed  3%  for  a  40'  radius  and  4%  for  an  8o'  radius.  Any  grade 
up  to  8%  on  a  100'  radius,  although  it  is  desirable  not  to  exceed  5% 
on  a  100'  radius  curve  with  a  large  central  angle. 

Minimum  Driveway  or  Intersection  Radii: 
Ordinary  automobiles  25'  radius  for  turns  of  oo°  or  less 

35'  "       "  <   "  over  oo° 
Trucks  50'  to  75'  center  line  radii 


CHAPTER   III 

SECTIONS,  PAVEMENT  WIDTHS,  RIGHT  OF  WAY,  AND 

CLEARING 

Introduction. — The  shape  and  the  width  of  road  cross-sections 
affect  the  safety  and  convenience  of  highway  traffic  and  they  also 
affect  the  economy  of  grading  design.  It  is  desirable  to  obtain 
features  that  are  fundamentally  required  for  the  satisfaction  of 
traffic,  but  it  is  also  desirable  to  avoid  arbitrary  standardization 
which  adds  materially  to  the  cost  without  any  adequate  benefit. 
The  problem  of  sections  can  be  summed  up  as  the  determination  of 
the  minimum  widths  of  grading,  pavement,  etc.,  the  minimum  depth 
of  surface  ditches  in  cut  and  variations  in  shape  and  width  that  will 
serve  traffic  requirements  for  the  life  of  the  pavement  surface  (10  to 
15  years).  Methods  of  estimating  future  traffic  volume  are  given 
in  Chap.  I  (p.  32). 

At  the  time  a  road  is  improved,  right  of  way  should  be  acquired  of 
such  a  width  that  it  will  permit  the  future  widening  of  section, 
pavement,  etc.  Liberal  right  of  way  can  be  obtained  more  easily 
during  the  first  stages  of  road  improvements  than  at  a  later  time 
when  the  land  is  worth  more  and  buildings  have  been  erected  close 
to  the  road;  that  is,  right  of  way  considers  the  future  requirements 
of  the  road  but  the  grading  and  pavement  widths  can  only  reasonably 
consider  the  requirements  of  traffic  growth  expected  within  10  to  15  years. 

SECTIONS 

Sections  will  be  considered  from  the  standpoints  of  safety, 
convenience,  and  economy. 

Safety  requires  a  grading  shape  that  permits  vehicles  to  use  any 
part  of  the  road  from  ditch  to  ditch  without  overturning  or,  if  this 
is  not  possible,  various  expedients,  such  as  the  one-way  crown, 
banking  on  curves,  guard  rail  or  wall  protection,  will  very  materially 
help  the  traffic.  Safety  requires  a  liberal  sight  distance,  which  on 
sharp  curves  can  be  obtained  by  "  daylighting "  the  section  (see 
Figs.  29,  p.  155  and  15,  p.  115). 

Convenience  requires  sufficient  width  for  vehicles  to  pass  easily 
at  any  point  in  ordinary  topography  and  provides  special  turnouts 
at  short  intervals  on  mountain  roads.  It  also  calls  for  crown  and 
shoulder  slopes  that  permit  driving  without  an  uncomfortable  side 
tilt  to  the  rig. 

Economy  of  grading  calls  for  various  combinations  of  widths, 
ditch  depths,  back  slopes,  etc.  which  most  nearly  fit  the  natural 
conditions  at  all  points;  that  is,  the  section  must  be  flexible. 
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It  rvttcperhaps,  best  to  develop  the  discussion  of  sections  and 
paver  *\t  widths,  first,  for  high-class  roads  in  ordinary  topography, 
seconc  l±  tor  pioneer  roads  in  mountainous  conditions;  and,  third, 
for  vilk  ^e  streets. 

HIGH-TYPE  ROADS 

Premises  of  Design. — The  points  to  be  considered  in  the  develop- 
ment of  a  normal  section  are : 

1.  What  is  a  safe  driving  slope? 

2.  What  is  a  comfortable  driving  slope? 

3.  What  pitch  is  required  to  drain  different  surfaces? 
These  factors  determine  the  shape  of  the  section. 

4.  What  is  the  commonly  used  width  and  the  maximum  width 
of  the  traveled  way? 

5.  What  is  the  minimum  allowable  depth  of  surface  ditch? 

6.  What  are  stable  slopes  for  cut  and  fill  outside  of  the  limits  of 
the  traveled  section? 

These  factors  affect  economy. 

The  first  three  questions  have  been  pretty  well  settled  by  current 
practice;  the  last  three  are  not  so  well  defined.  The  following 
premises  will,  however,  be  assumed,  which  can  be  modified  for 
special  conditions: 

1.  Three  inches  to  one  foot,  or  4: 1  is  the  maximum  safe  driving 
slope. 

2.  One  inch  to  one  foot,  or  12:1  is  the  maximum  agreeable 
driving  slope. 

3.  Pavement  crown  should  be  kept  to  the  minimum  slope  required 
for  drainage  of  the  pavement,  as  the  flatter  the  crown  the  better 
distribution  of  traffic  over  the  entire  pavement  area  and  the  easier 
t  is  to  drive  a  machine  except  on  curves,  where  a  banked  slope  is 
desirable  to  counteract  centrifugal  force.  Normal  crowns  on 
straight  alignment  range  from  3^  to  %"  per  foot,  depending  on  the 
pavement  surface.  The  practical  limits  of  banking  on  curves 
range  from  ^  to  %"  per  foot  width. 

4.  The  width  of  roadway  subjected  to  hard  wear  on  the  lighter- 
traffic  roads  (single-track  less  than  300  vehicles  daily)  ranges  from 
p  to  io'  and<?n  double-track  roads  (300  to  6000  vehicles  daily)  from 
14  to  20'.  The  maximum  width  of  roadway  subjected  to  some  wear 
oy  traffic  turning  out  to  pass  ranges  from  18  to  22'  and  on  heavily 
:raveled  roads  repair  parking  requires  at  least  7',  shoulder  width  on 

ach  side  of  the  pavement  proper,  or  a  minimum  out-to-out  shoulder 
ividth  of  32  to  34'. 

5.  The  minimum  ditch  depth  below  crown  grade  depends  on 
seeping  the  longitudinal  surface  water  outside  of  the  traveled  way 
ind  is  rarely  less  than  10";  it  depends  largely  on  the  amount  of 
urface  water  that  must  be  cared  for. 

6.  The  stable  cut  and  fill  slopes  depend  on  the  climate  and  the 
ioil  and  range  from  Y± :  1  to  4 : 1 . 

Items  3  to  6  will  be  discussed  briefly  and  typical  sections  derived. 

Item  3.     Pavement  Crown. — The  following  discussion  applies  to 

ural  highway  pavements  where  the  shoulder  is  flush  with  the 

pavement  surface.     For  curbed  city  or  village  streets,  see  page  173. 
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Normal  Crown. — Satisfactory  normal  crowns  for  differe  :  pave- 
ments on  straight  alignment  have  the  following  range : 

Single-track,  gravel,  or  water-bound  macadam,  %  or  H,"  per 
foot  of  half  width.     Circular  arc  recommended. 

Double-track,  gravel,  or  water-bound  macadam,  %  or  l^"  per 
foot  of  half  width.     Circular  arc  recommended. 

Double-track,  bituminous  macadam,  or  oiled  water-bound  mac- 
adam, Y\§  to  %"  per  foot  of  half  width.     Circular  arc  recommended. 

Stone  block  or  brick  with  bituminous  joints  on  concrete  base, 
*HV'  Per  f°°t  of  half  width.     Circular  arc  recommended. 

Sheet  asphalt,  brick  with  cement  joints,  asphalt  block,  and  wood 
block,  34"  per  foot  of  half  width.     Circular  arc  recommended. 

Cement  concrete,  %"  per  foot  of  half  width  (straight-line  crown), 
or  34"  per  foot  of  half  width  (circular  arc  crown) . 

Banked  Crown  on  Curves. — On  sharp  curves  it  is  customary  to  use 
a  one-way  uniform  banked  crown  to  counteract  the  centrifugal 
force.  A  well-banked  curve  reduces  the  tendency  to  skid,  increases 
comfort,  and  tends  to  keep  traffic  on  the  right  side  of  the  road,  as 
no  advantage  accrues  to  the  driver  by  cutting  over  onto  the  inside 
of  the  curve  to  take  advantage  of  a  steeper  crown  slope. 

The  proper  amount  of  cross-slope  considers  the  speed  of  traffic 
and  the  sharpness  of  the  curve.  It  must  be  a  compromise  between 
the  requirements  of  traffic  traveling  at  the  maximum  legal  speeds 
and  slow-moving  vehicles.  It  must  also  not  exceed  an  amount 
which  causes  horses  or  slow-moving  trucks  to  sideslip  when  the 
pavement  is  icy  or  which  will  cause  heavily  loaded  trucks  or  hay 
ricks  to  overturn  on  account  of  their  high  center  of  gravity. 

MV* 
Centrifugal  force  is  expressed  by  the  formula => 

in  which  M  =  weight  of  vehicle  in  lbs. 

V  =  velocity,  in  feet  per  second. 
R  =  radius  of  curve,  in  feet. 

See  speed  Table  113,  (p.  616),  for  conversion  of  miles  per  hour  to 
feet  per  second. 

To  get  the  theoretically  correct  cross-slope  in  inches  of  rise  per 
foot  width  of  pavement,  the  following  formula  can  be  u$ed  directly. 

V- 

Bank  slope  rise  in  inches  per  foot  of  pavement  width  =  0.37  -=- 

=  0.000065  V2D, 

where  V  =  velocity  of  vehicle,  in  feet  per  second. 

R  =  radius  of  curve,  in  feet. 

D  =  degree  of  curve. 

Table  ^$  shows  the  theoretical  amount  of  rise  per  foot  width  for 
different  speeds  and  curves  to  counteract  centrifugal  force  entirely. 

Table  34  shows  actual  cases  satisfactory  for  normal  pleasure 
traffic  in  summer  and  also  cases  where  slow-moving  vehicles  and 
horse  traffic  have  trouble  during  the  winter  months. 

An  examination  of  these  two  tables  shows  that  slow-moving 
vehicles,  particularly  those  with  high  centers  of  gravity,  limit  curve 
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inking  to  Y±'  per  foot  of  width  and  make  it  desirable  to  limit  the 
ope  to  about  %"  per  foot,  particularly  on  steep  hills. 

From  a  practical  standpoint  it  has  been  found  desirable  to  bank 
irves  on  the  basis  of  the  theoretical  requirement  for  a  25-  to  30- 
i.p.h.  speed  up  to  the  point  where  Y±'  per  foot  width  is  required, 
id  for  all  curves  sharper  than  this  limit  (600  to  900'  radius)  use  the 
ime  bank,  %£"  per  foot,  on  the  assumption  that  high  speed  should 
;  and  is  reduced  on  such  curves. 

Table  35  gives  a  good  practical  basis  for  banking  curves.  This 
ible  must  be  modified  by  judgment  where  reverse  curves  occur  or 
:her  special  features,  such  as  intersecting  roads,  etc.  Figure  21 
1 28)  shows  three  methods  of  gradually  warping  the  surface  from 
armal  crown  to  banked  crown  and  of  gradually  widening  the 
ivement  on  a  curve  to  get  a  good  practical  transition  curve, 
here  is  no  object  in  road  work  in  figuring  a  theoretical  center-line 
ansition  curve  similar  to  railroad  practice. 

able  33. — Theoretical  Banking  on  Curves  in  Inches  per 
Foot  Width  of  Pavement 

V2 
0.37  —  —  0.000065  V2D 

V  =  velocity  in  ft.  per  second. 
R  =  radius  of  curve  in  feet. 
D  —  degree  of  curve. 


Banking  for  different  speeds. 

Radius  of  curvature, 
in  feet 

inches  per  foot  width 

10  m.p.h. 

20  m.p.h. 

30  m.p.h. 

40  m.p.h. 

5730  =  i°  curve 

Me 

H 

K2 

5000 

%2 

%2 

4000 

. .  . 

H2 

He 

1H2 

3000 

... 

H 

K 

Ke 

2000 

Vie 

% 

H 

1500 

Me 

H 

y* 

We 

1000 

% 

ZA 

*Ke 

800 

Vie 

Vs 

l% 

600 

H 

% 

iH 

2H 

573  =  io°  curve 

H 

% 

iK 

2\i 

400 

%2 

% 

I*K6 

zH 

300 

H 

1 

2% 

4H 

200 

% 

iH 

zH 

ty% 

100 

% 

zYi 

7M 

12M 

Note. — For  conversion  of  speed,  miles  per  hour  to  feet  per  second,  see 
able  113  (p.  616). 
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Table  34. — Examples   of   Satisfactory  and   Unsatisfactoi 
Curve  Banking  in  Use 


Satisfactory  banks  for  high-speed  traffic  with  dry  pavement  surface 


Radius  of 

curvature, 

in  feet 


Grade  of  road, 
per  cent 


Total  bank 


Bank  slope,  in 

inches  per  foot, 

width  of 

pavement 


1 146  =  5° 
818  =  70 
764  =  7°  30' 
674  =  8° 30' 
573  =  io° 
286   =  20° 
573  =  io° 
498  =   ii°  30' 


Level 

Level 

Level 

Level 

0.8 

2  .0 

5-0 

6.2 


10" 

in 

16' 

11" 

in 

21' 

11" 

m 

1 6' 

12" 

1:1 

19' 

15" 

in 

20' 

12" 

in 

16' 

9" 

in 

16' 

12" 

m 

20' 

H 


i 


Unsatisfactory  banks   for  slow-speed  trucks   and  horse  traffic   when 
pavement  is  slippery  with  light  rain  or  sleet   (sideslip  occurs) 


573  =  ioc 
716  =     8C 


3-2 
7.0 


15"  in  20' 
12"  in  1 8' 


H 
H 


Table  35. — Practical  Basis  for  Banking  Curves,  Considerin 
Both  High-speed  Motor  Traffic  and  Slow-speed  Traf- 
fic Both  Motor  and  Horse  Drawn 


Cross-slooe  rise,  in  inches  per  foot 

of  pavement  width 

Radius  of  curvature, 
in  feet 

On  grades  less  than  5  % 

On  grades  of  5  %  or 
steeper 

2000 

H 

He 

1500 

n 

Theoretical 

X 

1000 

M 

>      bank 

H 

800 

% 

25  m.p.h. 

X 

600 

H. 

H 

400 

H 

H 

300 

% 

% 

200 

% 

k 

100 

H 

% 

• 

Note. — The  rates  recommended  must  be  modified  by  judgment  wherf|^ 
reverse  curves  or  intersecting  roads  occur.      Curves  with  a  radius  of  more 
than  2000'  are  rarely  banked  on  main  tourist  roads.      On  local  service  roads 
carrying  less  than  1500  vehicles  daily  curves  over   iooo'  radius  are  rarely 


banked. 


Variable  Bank  to  Accommodate  Both  High-  and  Lows  peed  Traffic. — 
There  is  more  and  more  demand  for  relatively  high  banking  to 
accommodate  high-speed  motor  traffic,  and  some  designers  hold  to 
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he  30-mile  theoretical  bank  taking  care  of  the  slow-moving  traffic 
dv  level  stone-surfaced  shoulders  for  double-track  pavements  and 
jsing  a  reverse  "parabolic  cross-bank  on  pavements  wide  enough 
or  four  lanes  of  traffic,  as  shown  in  Figs.  19  and  20. 


Radius  of  Curverture,f+. 
600  800  1000 


(>00  800  1000         1200 

Radius  of  Curvcrture,f+. 

^ig.    18. — Graph  of  theoretical  and  practical  bank  slopes  on  curves. 
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Shoulder     '  1 

and  Di+ch 

Fig.  19. — Typical  grading  section  uniform  pavement  bank. 
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Fig.  20. — Variable  bank  pavement  section  4  lines  of  traffic. 
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NewPavement 
C.L. Transit/on 
Curve  run  in  by  eye 


Plan  and  Survey  C.L 

.-  Edra  Widening 


Normal 

Pavement 

Width 


Curve  Widcnings 

Fig.  21^4.. — Change  from,  normal  to  banked  crown  at  curves  (Plan) 


OukideEdge 
of  Pavement 

'fcFullBank 


InsideEdge 
ofPavemerrt 


'/zrull Bank       C.L  of 'Grade 
/SO' »  <-  -  -Full Bank  -  ->k- 


-50  --* 


Normai 
Crown 


Change  from  Normal  4o  Banked  Crown  orr  Curves 
Fig.   2i A. — Changing  crown  at  banked  curves      (Profile). 


Fig.   21B. — U.  S.  Bureau  of  Public  Roads  1925  standard  widens 

and  banking. 
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Changing  Crown. — Figure  21  shows  three  typical  methods  of 
changing  from  normal  to  banked  crown  on  curves. 

The  full  bank  coincides  with  the  location  of  the  full  widening  of 
the  curve  and  extends  from  about  50'  beyond  the  theoretical  P.  C. 
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J  I  Cenier line grade ■shall 'be held^utside edge being  elevated 

J      ,'  '  one-half  of  banking  and  inside'edge  being  depressed 

1     '  '  one  half  of  banking. 

1  J   I  Warped  surface  shall  start  at  RCfflj)  or  at  some  point  back  of 

1;    ,'  PC.ffig)  where  necessary,  and  full  banking  jhal/beattainedat 

'>,'    ,'  h?C.  C,  (R4,).  Banking  shall  not  change  the  normal  rate  of 

'    ,'  grade  by  more  lhan  one  percent. 

I   !  When the length  ot 'curve Is too short- ho  permit this  Sysfem ho  work, 

j  /  use  single  radius  curves  beginning aid/stances equalto  Hand 'Nj 

■  /  respect ivelyi  measured  back  from  the  normal  PC.  with  maximum 

V  banking  and  widening  attained  at  Ihe  middle  of  curve 

*  Banks  of  over  3//per  ft.  width  are  excessive  (seed iscvssibnj 
Fig.  21C. — New  York  State  1926  standard  widening  and  banking. 


af  the  regular  curve  to  about  50'  short  of  the  P.  T.     The  transition 

from  normal  crown  to  full  bank  requires  at  least  150'  giving  about 
wo-thirds  of  the  total  bank  at  the  P.  C.  and  P.  T.  of  the  regular 
urve.     The  curve  widening  on  the  inside  edge  with  center  line 

shifted  one-half  of  widening  at  all  points  gives  a  good  practical 

transition  curve. 
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The  normal  grade  is  carried  around  the  center  line  of  the  pave- 
ment curve,  the  inside  edge  dropped,  and  the  outside  edge  gradu- 
ally raised  as  shown  in  Fig.  21.  It  is  sometimes  desirable  to  hold 
the  inside  at  normal  grade  and  bank  entirely  by  raising  the  outside. 
Each  case  depends  on  local  conditions  and  center-line  grade  profile, 
and  the  method  should  be  left  to  the  field  engineer. 

Current  practice  favors  the  bank  slopes  given  in  Table  35  (p.  1 26). 

Item  4.  Pavement  and  Shoulder  Widths. — Pavement  and 
shoulder  widths  are  affected  by  volume  of  traffic,  width  of  vehicles 
commonly  using  the  road  in  question,  type  of  pavement,  sharp 
curvature,  and  the  cost  of  construction  and  maintenance. 

Volume  of  traffic  classes  the  road  roughly  as  single  track,  double 
track,  or  multiple  track.  Width  of  vehicles,  safe  clearances,  and 
curvature  control  the  width  of  traffic  lanes  on  double-track  or 
multiple-track  roads.  The  ordinary  passenger  automobile  has  a 
body  width  about  5'  6"  and  a  wheel  gage  of  about  4'  9".  Large 
trucks  have  a  body  width  of  about  f  to  7'  6"  and  a  wheel  gage  of 
about  $y<i  to  6'.  Motor  busses  have  a  body  width  of  about  8'. 
Traffic  regulations  generally  limit  the  body  width  of  vehicles  to 
96"  except  traction  engines,  which  may  be  no".  Safe  clearances 
are  entirely  a  matter  of  volume  of  traffic  and  speed.  For  light- 
traffic  roads  where  it  is  only  necessary  to  turn  out  occasionally  to 
pass  and  where  such  occasional  passing  justifies  reduction  in  speed 
and  careful  driving  it  is  proper  to  compute  the  pavement  width  on 
the  basis  of  the  outer  wheel  being  placed  within  6"  of  the  edge  of 
the  pavement  or  armored  shoulder  and  allowing  a  clearance  between 
vehicles  of  1.5'  on  straight  alignment  and  2  to  3'  on  curves.  For 
heavily  traveled  roads  with  continuous  double-line  or  multiple-line 
traffic  traveling  at  speeds  of  25  to  40  m.p.h.  the  clearance  between 
vehicles  should  not  be  less  than  2%'  f°r  ordinary  cars  or  motor 
busses  nor  less  than  2'  for  trucks  increased  to  3'  on  curves  and  the 
location  of  the  outer  wheel  should  not  be  closer  to  the  edge  of  the 
pavement  or  armored  shoulder  than  2'  for  ordinary  autos  or  1}$ 
for  trucks. 

Motor  busses  traveling  at  high  rates  of  speed  seem  to  be  the 
controlling  type  of  vehicle  in  establishing  widths  of  traffic  lanes  on 
main  highways  (1926). 

The  following  diagrams  illustrate  the  width  of  pavements 
required  on  double-track  roads  for  the  two  extremes  of  clearance 
outlined  in  the  preceding  paragraph. 
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Light-traffic  Roads. — On  these  roads  it  does  no  harm  if  light  vehi- 
cles turn  off  the  pavement  to  pass,  provided  stone,  gravel,  or  firm 
earth  shoulders  are  provided  for  such  turn-out  traffic. 
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Main  intercity  roads,  motor-bus  requirements  (straight  alignment). 

Note. — Diagrams  on  page  135  show  distribution  of  traffic  on  pavements  of 
different  widths. 

These  conditions  have  resulted  in  the  following  common  practice, 
which  is  summarized  in  Table  36  for  straight  alignment.  Table  37 
shows  widths  required  on  curves  to  allow  for  extra  clearance  and 
rear- wheel  encroachment  discussed  on  page  116.  Single-track  pave- 
ments (less  than  300  vehicles  daily)  range  in  width  from  8  to  12', 
depending  on  the  type  of  pavement,  8'  to  10'  being  used  for  the 
harder  surfaces  and  io'  to  12'  for  gravel  or  sand  clay.  Double- 
track  roads  (300  to  6000  vehicles  daily)  range  in  pavement  width 


^ —20f+o?2"y 
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k-»'->J  Shoulder 


Rigid  Pcvemerrrs^ClassH  Roads 


\Slone  or  Gravel 
Shoulder 


•  -  Pavement  Proper*-  -  ->l 


Macadam  PavemenTs,ClassIIPoads 

Fig.  22. — Comparative   pavement   and  armored   shoulder    widths 

Class  II  traffic. 

from  15  to  20'  on  straight  alignment  with  special  stone  shoulders 
(see  Fig.  22). 

For  rigid-type  pavements  on  double-track  roads  a  width  of  less 
than  1 8'  is  inadvisable  on  account  of  the  formation  of  dangerous 
ruts  along  the  pavement  edge,  the  added  cost  of  shoulder  mainte- 
nance (see  p.  525),  and  the  undesirability  of  heavily  loaded  wheels 
traveling  close  to  the  outside  edge,  which  increases  the  probability 
of  corner  crack  failure  (see  design  of  rigid  pavements,  p.  368).  For 
macadam  pavements  with  stone  shoulders  it  is  permissible  to  cut 
below  this  width  for  traffic  of  less  than  1500  vehicles  daily. 
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For  multiple-line  traffic  an  allowance  of  o/  per  traffic  lane  is 
common  practice  for  straight  alignment  widened  on  curves  for 
rear-wheel  encroachment  (see  p.  116).  Ten  feet  per  traffic  lane  is 
advocated  by  some  engineers  where  there  is  much  motor-bus 
traffic. 

Table  36. — Comparative  Widths 
(In  feet) 


Class  of  road 

Vehicles 
per  day 

Rigid  pavements 

Macadam  or  gravel 

Pave- 
ment 
proper 

Out-to-out 

width 
armored 
shoulders 

Pave- 
ment 
proper 

Out-to-out 

width 
armored, 
shoulders 

Class  la  

Class  II  

Class  III 

Class  IV 

2000-6000 

800-2000 

300-  800 

Less  than  300 

18-20 

17-18 

16 

22-2.4 

20-22 

16 

18-20 

15-16 

12-16 

8-12 

22-24 

20-22 

16 

a  For  traffic  of  over  6000  daily  (10-hr.  count  in  summer)  increase  pavement 
width  to  27  or  36'.     See  page  28  for  discussion  of  road  capacity. 


Table  37^.- 

—Class  I  Traffic  (S 

harp  Curves) 

Radius  of  road  center 

Total  pavement  width, 

Length  tangent  run-off, 

in  feet 

Fig.  21A,  p.  128 

line,  in  feet 

in  feet 

100 

25 

loo 

150 

24 

90 

200 

23 

90 

300 

22 

80 

400 

22     ■ 

80 

500 

21 

70 

600 

21 

70 

800-1000 

20 

60 

Note. — Normal  pavement  widths  of  18  to  20'  used  on  all  curves  having 
a  radius  greater  than  iooo'. 

Table  3 yB. —Class  II  and  III  Traffic  (Sharp  Curves) 


Total  pavement  width 

Radius  of  road  center 

on  curves  for  a  double- 

Length  tangent  run- 

off. 

line,  in  feet 

track  road  (local 

in  feet 

service),  in  feet 

Fig.  21.4,  p.  128 

50 

29 

100 

75 

•      25 

100 

100 

23 

100 

150 

22 

90 

200 

21 

90 

300 

20 

80 

400 

20 

80 

500 

19 

70 

600-800 

18 

50 

Note. — Normal  pavement  width  (15  to  18')  used  on  all  curves  having  a 
radius  greater  than  800'. 
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Changes  in  Pavement  Width. — Special  extra  width  is  used  on 
rves,  at  railroad  crossings,  at  long  span  bridges,  and  through  vil- 
;es.  In  changing  from  narrow  to  wider  widths  the  following 
Les  have  been  found  to  give  satisfactory  results. 
For  curves  widened  on  one  side  only  where  the  center  line  of  the 
vement  shifts  one-half  the  total  widening  the  length  of  transition 
im  normal  pavement  width  to  extra-wide  width  should  be  at 
st  20  to  30'  for  each  foot  of  flare  for  the  edge  of  the  pavement 
e  Fig.  21,  p.  128). 

For  widenings  on  straight  alignment  or  curves  approaching  rail- 
id  crossings,  bridges,  etc.  where  the  vehicle  must  swerve  first  to 
s  right  and  then  straighten  out  again,  a  distance  of  30  to  40',  per 
)t  flare  of  edge  of  pavement  is  required  (see  Fig.  193,  p.  607). 
Effect  of  Pavement  Width  on  Cost. — Table  38  shows  approximate 
nstruction  cost  per  foot  width  of  pavement  per  mile.  It  can  be 
idily  seen  that  where  funds  are  limited  it  is  desirable  to  select  a 
isonable  minimum  which  will  meet  traffic  requirements. 


Table  38. — Pavement  Costs 


Type  of  pavement 


Assumed  cost 

per 
square  yard 


Cost  per  foot 

width  1  mile 

long 


rick 

.sphalt  concrete 

!ement  concrete 

enetration  bituminous  macadam 
7ater-bound  macadam 


54-50 
3.50 

3-20 
2  .20 

I  .80 


£2700 
2100 
1920 
1320 

1080 


//  is  well  to  bear  in  mind  that  the  pavement  can  always  be  widened  by 

maintenance  or  by  reconstruction  at  a  later  period  when  the  traffic 
'lime  increases  sufficiently  to  warrant  added  width  and  that  it  is 

ely  advisable  to  select  the  width  for  a  volume  of  traffic  greater  than 
pectcd  in  15  years,  as  this  is  about  the  usual  life  of  rural  highway 

•ement  surfaces. 

Shoulder    Width. — Shoulder    width    to    permit    turnout    traffic 
pends  on  the  same  factors  as  pavement  width  with  the  added 
o  vision  for  standing  rigs  outside  of  the  pavement  area  on  heavily 
iveled  roads. 
Table  39  shows  the  results  of  Massachusetts  investigations  1896 

1900.  These  results  were  obtained  under  the  old  horse-drawn 
iffic  conditions  and  do  not  apply  closely  for  the  conditions  of 
day.  They  are  included  in  connection  with  this  discussion  to 
istrate  the  change  which  modern  automobile  traffic  has  made  in 
dth  requirements  on  the  heavier-traffic  roads.  They,  however, 
ow  a  general  relation  between  areas  of  light  and  heavy  traffic  on 
e  lighter-traveled  agricultural  roads. 

The  second  part  of  Table  39  gives  the  results  on  a  few  roads, 
owing  the  form  used  and  the  variations  from  year  to  year.  The 
atnote  gives  a  summary  of  160  roads  and  shows  the  results 
uch  better  than  by  printing  the  table  in  full. 
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Stated  briefly,  the  widths  subjected  to  continuous  wear  < 
unimportant  roads  ranged  from  8  to  io',  on  well-traveled  roa' 
10  to  14',  and  in  unusual  cases,  14'  to  16'.  The  maximum  widt 
for  turnout  traffic  varied  from  12  to  14'  on  side  roads  and  17  to  1 
on  the  main  roads. 

Modern  traffic  has  changed  conditions  on  the  main  roads,  b 
does  not  greatly  affect  these  figures  on  the  lighter-travel  roads  1 
to  about  300  vehicles  per  day.  Similar  widths  on  New  York  Sta 
main  roads  have  been  measured  and  found  to  check  the  widt 
of  heavy  travel  of  14  to  16'  but  the  maximum  turnout  widths  we 
more,  running  from  20  to  22'.  This  can  be  explained  by  the  increa 
in  automobile  traffic  which,  on  account  of  its  higher  speed,  requii 
more  room  in  passing. 

Table  39. — Showing  Widths  of  Traveled  Way 


Town  or  City 


Athol 

Barre      

Bedford    

Chicopee 

Dalton    

Fitchburg  (W.) 
Huntington   . . 

Lincoln 

Marshfield   . . . 
North  Adams 

Orange   

Taunton  


County 


Worcester  , 
Worcester  . 
Middlesex  , 
Hampden  . 
Berkshire  . 
Worcester  . 
Hampshire . 
Middlesex  . 
Plymouth. . 
Berkshire  . 
Franklin  . , 
Bristol 


Maximum  Width  of 
Traveled  Way 


1896 


1897 


16' 


20' 
IS' 

>? 

14 

I0'-I2' 
16' 
SO' 


1S99 


18 

14 

IS 
20 

l6'-2l1 

18 
12 

15 

12 

15-20 

20 

1 


Width  of  Commonl: 
Traveled  Way 


1S96 


20 
10' 

7' 

io' 

8' 

8'-io' 

I0'-I2 
IO-I5 


1~-      CO 

CO       CO 


189. 


% 

& 

I2'-I 
14' 

8' 
10' 

15' 

7-1 


Width  of  traveled  way  on  160  roads  in  Massachusetts,  measured  durinj 
the  years  1896,  1897,  1898,  and  1899,  and  printed  in  the  report  of  th< 
Massachusetts  Highway  Commission  for  1900. 

The  width  of  stone  on  these  roads  is  given  as  15'  wide  on  130,  12'  wid« 
on  3,  and  io'  wide  on  2.  It  should  be  remembered  that  the  stone  is  pu" 
on  very  much  thicker  in  the  middle  than  at  the  edges. 

The  maximum  width  of  traveled  way  as  measured  was  as  follows: 
9  ft.  wide  on    2  roads  18  ft.  wide  on  23  roads 


10 
n 
12 
13 
14 
15 
16 
17 


6 

2 
28 

8 
23 
30 

8 

I 


19 
20 
21 
22 
24 
25 
26 
33 


I 

10 

10 

1 

2 

4 
1 
1 


The  width  of  commonly  traveled  way  as  measured  was  as  follows: 
7  ft.  wide  on  12  roads  14  ft.  wide  on    8  roads 


8 
9 

10 

11 
12 
13 


17 
25 
32 
10 
30 
3 


IS 
16 
18 
20 
22 
25 


13 
2 

4 
2 

I 
I 
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Even  a  single-track  pavement  should  have  ample  shoulder  width 
permit  traffic  to  turn  out  and  pass  easily;  that  is,  the  total  width 
pavement  and  driving  shoulder,  no  part  of  which  should  have  a 

)pe  of  more  than  1"  to  i',  is  practically  the  same  for  single-  or 

>uble-track  roads. 

For  roads  having  a  volume  of  traffic  of  over  1500  vehicles  daily  a 

iving  shoulder  width  of  at  least  7'  is  required  to  permit  parking, 
a  great  many  accidents  have  occurred  due  to  vehicles  standing 

i  the  pavement  area  of  double-track  roads. 

The  following  diagrams  illustrate  typical  transverse  distribution 
traffic  on  different  width  pavements.     These  diagrams  are  taken 

3m  an  article  by  J.  T.  Pauls  of  the  U.  S.  Bureau  of  Public  Roads 

lblished  in  Public  Roads,  March  1925,  and  verify  the  foregoing 

xt.     This  investigation  of  the  U.  S.  Bureau  is  the  most  complete 

udy  that  has  been  made  in  transverse  distribution  of  traffic  under 

odern  traffic  conditions. 
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14  ft.  Bituminous  macadam 


Test  9  shows  the   distribution   of  traffic   on  a   14'  bituminous 

acadam  road.     Note  that  the  traffic  spreads  out  into  the  shoulder 

the  left.     This  fact  and  the  lower  crown  make  the  negative 

sarance  on  this  road  less  than  that  of  the  15'  road  shown  in  Fig.  4. 


Recommended,  Practice,  Pavement  and  Shoulder  Widths. — The 
ailable  data  obtained  from  observations  on  actual  traffic  move- 
ent  indicate  that  a  minimum  turnout  width  of  20'  is  desirable  on 
ngle-track  side  roads,  22'  on  secondary  double-track  roads,  and 

to  32'  on  main  double-track  special-service  roads;  for  a  triple 
le  of  traffic  41',  and  a  four-track  road  50'. 

From  these  data  it  appears  that  modern  practice  on  single-  and 
mble-track  roads  requires  a  width  of  solid  pavement  of  from  10 

20'  on  straight  alignment  and  a  total  driving  width,  including 
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shoulders,  of  from  20  to  32'.     These  widths  are  modified  for  sha 
alignment,  as  previously  discussed. 

A  standard  for  the  portion  of  the  section  used  for  driving  (F 
23)  has  now  been  practically  developed.  The  pavement  that  is 
carry  the  heavy  traffic  has  a  specified  crown  for  each  variety  a 
ranges  from  3^  to  %"  to  1'.     The  shoulder  slope  from  the  edge 
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15  FT.  BITUMINOUS  MACADAM- 


Test  7,  made  on  a  15'  road,  shows  how  the  maximum  concenti 
tion  of  traffic  occurs  at  the  center  on  roads  of  such  narrow  widt 
The  steep  crown  in  this  case  accentuates  the  concentration  at  t 
center;  and  the  effect  of  a  slight  downhill  grade  is  noticeable  in  t 
greater  distance  of  the  average  wheel  position  from  the  edge  ■ 
the  downhill  side. 

the  pavement  to  the  limits  of  the  driving  width  (20  to  32')  has 
slope  of  1"  to  1 '  or  possibly  %"  to  1';  that  is,  the  shape  of  the  dri 
ing  portion  of  the  normal  section  is  fixed.  The  flexibility  of  ti 
section  depends  on  the  portion  outside  of  this  driving  width. 

The  function  of  the  extra  width  is  to  keep  the  longitudinal  drai 
age  of  surface  water  beyond  the  portion  used  for  driving.     To  ( 
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lest  5  shows  the  separating  effect *of  concrete  shoulders  on  tan- 
ts  and  difference  in  the  distribution  of  traffic  at  night.  Com- 
e  with  the  concrete  road  of  the  same  width  shown  in  Fig.  23 
ch  has  a  center  line  for  the  separation  of  the  traffic. 
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this,  there  is  a  limitation  of  a  minimum  slope  of  x"  to  i'  to  insi 
transverse  drainage  and  a  maximum  of  3"  to  1/  on  the  score 
safety.  It  is  by  the  good  judgment  of  the  designer  in  using  varic 
slopes  between  these  limits  and  various  widths  and  depths  of  ditcl 
combined  with  the  possibilities  of  different  grades,  that  the  econ 
mies  in  earthwork  are  effected  and  at  the  same  time  the  design 
made  appropriate  to  the  local  conditions. 


Crown 


„     J  //  Shoulder  3hp& 

l&itUigerfopf     3U  "io  {  "Pcr  fooi 


Fig.   23. — Normal   pavement   and   shoulder  section.      (Traffic  1 
than  5000  daily  10  hour  count  in  summer.) 
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18  FT.  CONCRETE. 


Test  4,  on  an  18'  concrete  pavement,  shows  how  the  center  tra 
concentration  which  characterizes  the  narrow  roads  is  relieved 
widening.  The  good  shoulders  on  this  road  encourage  traffic  to  1 
the  surface  to  the  very  edge.  Contrast  this  condition  with  tl  b 
.shown  in  Figs.  15  and  16,  where  a  bad  shoulder  condition  clea  I 
discourages  the  use  of  the  edges  of  the  surface. 
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Test  22,  made  on  an  18'  concrete  pavement  at  a  250  curve  with 
,ne  superelevated  section  and  no  center  line,  shows  the  effect 
the  absence  of  the  center  line  and  the  presence  of  a  menacing 
at  the  outside  of  the  curve  on  the  distribution  of  traffic.  The 
ft  toward  the  inside  of  the  curve  is  accentuated  by  the  slight 
svnhill  grade  at  the  outside. 
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24  FT    BITUMINOUS  MACAOAM 


Test  19,  made  on  a  24'  bituminous  macadam  road  at  a  200  curve 
h  a  plane  superelevated  section  and  center  line,  shows  a  better 
aration  of  the  traffic  than  Test  16  (Fig.  9)  made  on  a  similar  road 
h  crowned  superelevated  section. 
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Clearance    diagram    for    truck.     Preferential    driving    locatio 

Average  distribution  of  traffic  on  road  surfaces  of  various  wid 
from  15  to  24'.  Eighteen  feet  is  the  minimum  width  which  gi 
positive  clearance  for  all  vehicles  in  passing  at  the  preferred  p< 
tion.  The  clearance  increases  with  the  width  of  the  pavement,  " 
becomes  unnecessarily  large  when  the  width  exceeds  20'.  Wid 
of  22  and  24'  are  apparently  excessive  for  two  lines  of  traffic, 
not  great  enough  for  three  lines. 
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—  38' 
CLEARANCE 

—  20.0' 


3.3- -*j—     4  8'     — *J 

n    n 


.  4.8' 


4.2*    -M 


n    n 
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6.1' 

CLEARANCE 


240' 


Clearance    diagram   for   passenger   autos   for   preferential   driving 

position. 

Average  distribution  of  traffic  on  road  surfaces  of  various  widths 
from  15  to  24'.  Eighteen  feet  is  the  minimum  width  which  gives 
positive  clearance  for  all  vehicles  in  passing  at  the  preferred  posi- 
tion. The  clearance  increases  with  the  width  of  the  pavement,  but 
becomes  unnecessarily  large  when  the  width  exceeds  20'.  Widths 
of  22  and  24'  are  apparently  excessive  for  two  lines  of  traffic,  and 
not  great  enough  for  three  lines. 
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Item  5.  Depth  of  Ditches. — The  authors'  experience  indicates 
that  an  open  ditch  does  not  have  much  effect  on  ground  water;  that 
its  part  in  the  design  is  to  drain  the  surface  water,  and  that  if 
ground  water  is  encountered  underdrains  must  be  used.  These 
conclusions  have  been  borne  out  in  practice  and  are  advocated  by 
many  engineers,  notably  Irving  W.  Patterson  of  Rhode  Island,  who 
has  had  unusual  success  with  his  drainage  and  foundation  designs. 
The  principle  to  be  emphasized  is  that  deep  surface  ditches  below 
the  elevation  of  the  bottom  of  the  pavement  foundations  are  useless. 
Deep  ditches  are  not  only  useless  but  dangerous,  and  the  best 
practice  calls  for  the  least  depth  of  ditch  that  will  handle  the  surface 
water. 

A  great  many  road  men  seem  to  feel  that  a  deep  open  ditch 
really  helps  to  drain  the  subgrade  but,  as  stated,  the  author  has 
never  been  able  to  prove  by  cases  where  foundation  failure  occurred 
that  the  depth  of  surface  ditch  had  any  well-defined  bearing  on  the 
matter,  provided  the  ditch  carried  away  the  surface  water  promptly. 
Some  soils  have  a  strong  capillary  action  and  the  water  works  up 


,  Wafer  in  Shoulder  Soil 


"m 

Fig.  24. 


through  them.  In  impervious  soils,  such  as  clay,  a  surface  ditch 
15'  from  the  center  line  cannot  have  much  drawing  action,  as  in 
numerous  cases  small  holes  dug  in  the  roadbed  (Fig.  24)  fill  with 
water  at  a  much  higher  elevation  than  the  side  ditch. 


^-^-rir2 


W/////(///sZ*7, 


-  •  Frozen  5h<?uld(?rs 

Fig.  25. 


In  many  instances  in  the  northern  states  the  ground  under  the 
pavement  proper  thaws  out  before  the  shoulder  material,  which  is 
protected  by  a  sod  coating,  and  the  following  result  is  obtained  (Fig. 
25).  Under  these  conditions  the  moisture  in  the  center  is  held  even 
in  porous  soils.  As  a  matter  of  fact,  all  pavement  foundation  design 
must  be  predicated  on  the  assumption  that,  even  with  the  best 
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drainage  schemes,  the  subgrade  will  at  times  soften  somewhat,  and 
for  this  reason  the  use  of  deep  ditches  which  are  inconvenient  to 
traffic  and  which  increase  the  grading  cost  are  not  in  so  much  favor 
as  in  the  past. 

Frequent  culverts  are  desirable  to  rid  the  ditches  of  excess  water. 
It  should  be  remembered  that  road  ditches  are  to  protect  the  road 
and  not  furnish  farm  drainage  and  that  deep  farm  ditches  should  be 
kept  away  from  the  road  section. 

The  following  Rhode  Island  standard  grading  sections  (Fig.  26) 
show  the  use  of  the  shallow  1 2"  ditch  which  is  advocated  wherever  a 
small  amount  of  surface  water  is  expected. 


,''!^>M'->K 9- -"* 9- xJ-WH      k 

J*>.  A      i         J,  Center  Oracle  ;  .:.  \.    J.  yjK? 


^7^41  •'''''?   Standard  $ection-,Shallow  Ditch;  '4i"\ 

^w — ^/TJV  Standard  Section;  Deep  Ditch  ^  CT^\^t^~^^\  >/ 
Fig.  26. — Rhode  Island  standard  grading  sections. 


The  following  section  (Fig.  27)  represents  a  good  typical  mini- 
mum width  and  a  minimum  ditch  depth  grading  section  for  single- 
or  double-track  roads  which  have  been  proved  by  practice  to  be 
satisfactory  where  small  amounts  of  surface  water  are  encountered. 
This  section  results  in  about  the  least  feasible  amount  of  cut  and  rill 
in  grading  design  for  light  cuts  and  fills.  The  approximate  carrying 
capacity  of  ordinary  road  ditches  and  the  limitations  of  use  of  the 


IL  J 


l7'f  .  .  °|  .Crown  4  to  I  tot  ft 

1  ^Elevation 'Theoretical ' Grade \  ^ 

10' to  Id'- >l 


&±~~Y\  k 


20'to32tr 
24' to  34 :V 


Fig.   27. — Typical   minimum    depth    ditch    section.      (Traffic    less 

than  5000  daily.) 


shallow  and  medium  road  ditches  are  discussed  under  Longitudinal 
Drainage  (p.  334). 

Effect  of  Grading  Width  on  Cost. — The  width  of  grading  from 
ditch  to  ditch  has  a  distinct  effect  on  cost,  but  no  general  relation 
can  be  established  for  the  ordinary  road  improvement  where  an  old 
road  forms  the  basis  for  the  new  grading.  Two  examples  are  given 
to  show  the  value  of  reasonable  reduction  in  sectional  widths. 
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i.  Indian  Falls. — Corfu  Road  in  New  York  State 

Length  1.85  miles 

No  change  in  profile. 
No  change  in  ratio  of  cut  to  fill. 
Original  Design  Revised  Design 

Width  of  macadam,  14'.  Width  of  macadam,  14'. 

Width  of  section,  30'.  Width  of  section,  24'. 

Depth  of  ditch,  18".  Depth  of  ditch,  14". 

Original  estimated  excavation,      Revised     estimated     excavation 
7500  cu.  yd.  5200  cu.  yd. 

This  change  in  section  alone  resulted  in  a  saving  of  2300  cu.  yd. 
excavation,  or  at  a  rate  of  1240  cu.  yd.  per  mile,  or,  in  money,  about 
$1200  per  mile  with  excavation  at  $1  per  cubic  yard. 


2.  Pittsford. — North  Henrietta  Road  in  New  York  State 

Length  2.67  miles 

Original  Design  Revised  Design 

Width  of  section,  30'.  Width  of  section,  24'. 

Depth  of  ditch,  18".  Depth  of  ditch,  12  to  14". 

Ratio  of  cut  to  fill,  1.35%.  Ratio  of  cut  to  fill,  1.25%. 

Maximum  grade,  5.0%.  Maximum  grade,  5.0%. 

Profile,  designed  with  straight  Profile,  rolling  grade  and  reverse 

instead  of  rolling  grades  and  vertical  curves  used. 

tangents    of    ioo'    between 

vertical  curves.  Revised    estimated      excavation 

Original  estimated  excavation,  6620  cu.  yd. 

11,450  cu.  yd. 

A  saving  of  4820  cu.  yd.,  1800  cu.  yd.  per  mile,  or,  in  money, 
approximately  $1800  per  mile. 

The  revised  design  on  this  road  is  a  good  example  of  what  can  be 
saved  by  the  use  of  a  section  that  fits  the  conditions,  a  rolling 
grade,  and  a  ratio  of  cut  to  fill  that  experience  has  shown  to  be 
sufficient. 

Item  6.  Stable  Cut  and  Fill  Slopes. — Economy  of  design  and 
maintenance  are  affected  by  the  selection  of  reasonably  stable 
slopes.  For  the  class  of  grading  usually  encountered  on  roads  built 
in  ordinary  topography  their  effect  on  construction  cost  is  not 
great  and  they  do  not  generally  receive  much  attention,  but  for 
mountain  roads,  cut  and  fill  slopes  are  an  important  consideration 
in  the  design  and  their  effects  on  cost  are  worth  considering. 

Table  128  (p.  786),  shows  the  effect  in  detail  of  various  cut  and 
fill  slopes  on  yardage  of  the  ordinary  side-hill  mountain-road 
sections.  To  illustrate  the  point  one  typical  case  for,  say,  an 
ordinary  double-track  section  (S-14),  Tnble  12S,  will  be  quoted. 
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Approximate  yardage  per  mile 

Natural  ground 

surface  cross- 

slope,  in 

Cut  slope  1 3*2  :  it 

Cut  i>£:i, 

Cut  1:1, 

degrees 

fill  iHn, 

fill  iH:i. 

fill  iM:i. 

in  cubic  yards 

in  cubic  yards 

in  cubic  yards 

5 

1,100 

950 

900 

10 

2,200 

2,000 

1,900 

15 

4,000 

3.600 

3.300 

20 

7,900 

7,000 

6,100 

25 

11,700 

10,200 

30 

19,600 

Occasional  slides  cannot  be  avoided,  but  continual  slipping  shows 
x>r  design  and  makes  both  the  maintenance  costly  and  travel 
ingerous. 

Stable  slopes  vary  for  different  materials  and  for  the  same  mate- 
al  under  different  climatic  conditions.     A  combination  of  moisture 
id  frost  requires  the  flattest  slopes  for  ordinary  soils.     On  account 
the  great  variety  of  circumstances  affecting  the  design,  no  hard- 
id-fast  rules  can  be  laid  down,  but  the  following  table,  based  on 
ilroad  and  highway  practice,  indicates  the  slopes  that  are  gener- 
ly  used.     In  this  table  and  throughout  the  text  slopes  are  referred 
as  1^  :  1,  etc.,  meaning  i%  horizontal  to  1  vertical.     In  some 
the  state  standard  illustrations,  however,  slopes  are  shown  as 
on  1 3^,  meaning  1  vertical  on  i3^  horizontal.     It  is  unfortunate 
at  an   engineering  requirement  is  expressed  by  two   different 
ethods  in  such  a  conflicting  order,  and  care  must  be  taken  to 
iderstand  which  expression  is  used. 


Table  40. — Stable  Cut  and  Fill  Slopes 


Material 


Climatic  conditions 


Combined 

rain  and 

heavy  frost 


Rain  but 

not  much 

frost 


Arid 
regions,  not 
much  frost 


Cut 


Fill      Cut  '   Fill 


Cut 


Fill 


■and . . 
xravel , 


-oam. 
'lay. 


Joulders  and  earth 

.arge  rock  slabs  extending  back 

into  hill  and  earth 

)isintegrated  rock  and  shale 

olid  rock 


2 


1  j-> 
/  1V2 


2 
iH 


iM:i 
2      : 1 


1 1  -i :  1 
iH:i 
iH:i 
4      :i 

iK;i 

i^':i 

1      : 1 


iM:i 
2      :  1 

iM:i 
1      : 1 

iK=i 


3  i 


13-2:1 
2      : 1 


iM:i 
iM:i 
3  :i 
iK:i 

1^:1 

iH:i 


2 
4 
iM 

1 

iK 

1 

% 


Vi 


I>2 


iK:i 

1      : 1 


Examples  of  Typical  Sections  High  Class  Roads. — The  following 
pical  sections  give  an  idea  of  the  trend  of  present  practice: 
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S**!**** 


-  9£l2>1aj  Surface  \V   ' 


3  •/    OIW 


HALF  SECTION  IN  ROCK  HALF  SECTION  IN  EARTH 

EXCAVATION  SECTIONS 


*3 w3'54< -Pavemenh  ->k?-£43#> 


)"//^\V///\\l;///Ar/'/\v^vv^V//AV#V^ 


S^ll^L^        Oriqinal 


„ our  face 


FILL  SECTION 
Where  depth  of  fill  does  norexceed  &fh  make  slopes4: 1  and  omif  guard  rail 


■20-P*' 


LIGHT  CUT  SECTION  ^~/5" 

Shallow  drrchesforgradi'ncj  maehlne  work 


CUT  AND  FILL  SECTION 

Fig.  28. — Earth  road  sections.      U.  S.  Bureau  Public  Roads  (i9^S> 
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»    ,  // 


^ 


/ 


-.(  I       \Crown'/2Jo3/4per 


1  >'    1  „it 


HSpwaww 


ftp"         SAND  CLAYTRENCH  SECTION  ^ 

v       Use  where  artificial  mix-fure  isio  be  placed  on  road 


Do  not  use  this  type  on  grades  in  excess  o-FS percent" 


24'toZQ- Ht#-H      -U 

ggHW  '/2'loWper  ft.  \  H^ffi^ 

SAND-CLAY 

Use  where  somclis+o  be  added  +oc!aylor  clay  h  sand 
Do  not-  use  this  type  on  grades  in  excess  of 5 per  cent 
Fig.  28. — Sand  clay  roads. 


fii'jMkM^i 1/V>   \W 


ws^y?-™^ 


COMPACTED  6RAVEL 


3J 


K- -24-30-'--,— --- 

1/2:1  iofa:/' 


FEATHER-EDSE  GRAVEL 

0"  thick  a-r  edges 
6  +0  9'  "Thick  cvr  cen.-rer 


^%.      1  - 1    V  • ;    ,,,  .I,    1 1 11 1    1  1  if  i  11  1    maaa  «.//*.(  iNrZ^r 

^^^  '  SURFACE  TREATED 

ig.    28.— Gravel    roads.      U.    S.    Bureau    Public    Roads    (1925)- 
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V   : 


/".■/ 


pAV'A/V'^; 


8"Te!ford        Qf'408%raveJorb"tolO"F,eldStoneSub 
Base  where 
required 


w 

'I^f/peW, 

in.  It     '         \  V 


;3-4"Top 


8  Hand  Placed  Base  Course  with  Leveling -Up  Course 
2/z  -3/2  Top 


■/Piperftf-r-'^' 


j":/' 


-> 


S~6  Base  Surface  Treatment  ^o  6e 

applied  One  Season 
after  Construction 
Fig.    28. — Waterbound   macadam.      IT.    S.    Bureau   Public    Ro; 

(1925). 
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2-3/2  Bituminous  Top. 

Crown%'L///perft.    \      f      ,     filled  Shne  Base 


<b"-d" Rolled  and 


W-18 


8  "Telford,  v'lo  8  "Grot  ve^  or  6  "to  10  Field  Stone 

Sub-Base  where  required 

Crown 3/a- '/p'per ft.  1     1   .- 2 -3'/? "Bituminous Top 

5-6" Black  Base  (PenetroiHon) 
Sub-Base  where  necessary  as  above 

Cron/f'3/g-fe'perft.  ,     ■■2-3'/?  'Bituminous Top 

/"•'/'  ..JL~^  ^^S  S==;  IrTnrC^iL- 

(j'-IO  Hand  Placed  Base  Course  with  Leveling-Up  Course 


Crown%-'/z'perft,  '    r2-3;/2" Bituminous  Top 

Equivalent-  to  at  least-  \  KNew  «5-/<?/7e  5a.se 
6" depth  of  new  base,         !!?  (?/<s/  JyW  or  (5r<*  vel  Surface 
old  water  1  'a I  in  pi  a  ce 
considered  worth  SO% 

Fig.    28. — Bituminous    macadam.      U.    S.    Bureau    Public    Roads 

(1925)- 
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18  Gravel  or 
Stone  Shoulders . 

fill 


-/6-18f- 


K- -fr/fr/S-v—-r>\ 

Crown1/!''!1        ■■*-  Biluminous  Conc-TopekaType 
z le 1     J":/ 1 


?    7  "<•£,„„  ri>£~Lj~J      ;.  Nm  Gravel  or  Stone  Base 
2-3  StoneCompachd      -Old  Gravel  orStone  Base 

Sufficient  New  Gravel  or  Stone  io  provide  equivalent 
of  Q  "new  base,  value  old  material  considered  worth  SO  % 

GRAVEL  OR  STONE  BASE 

I'fe  Surface  k- -16-18'- ->t     Z/"n~J'  -, 

Course\  _ii  frW//../.'  -JZ-F4  Radluf 

I 
Header  and  \  i    /"Binder  Course 

htngal  Curbing       6"Concrete  1:316  Mix 

BINDER  COURSE-CONCRETE  BASE 


rse\r>0-  Crown'/l-l* .  -&-/*  ™m 


'M'Radius  t^' Bituminous  Concrete -Topeka  Type 
6  "Concreie  I '•' J  •' 6  MV      P    * 

CONCRETE  BASE.     C<Wte 

Curbing 

Fig.  28. — Bituminous  concrete.      U.  S.  Bureau  Public  Roads  (1925). 


Infrigotl 
Curbing 
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18  Gravel  or 
•  Shoulder 


/,»' 


Sione  Shoulders,  H ;/6~/8 ~'~"~H        ~».  o/". 

■    Crown'//'/    ,  /RockAsphalfctoP^loOSe 


'  VNew  Gravel  or  Sione  Base 
Old  Gravel  or  Sione  Base 
Sufficient  New  Gravel  or  Sione  to  provide  equivalent- 
of  6"new  base,  value  old  material  considered  worih  50  % 

GRAVEL  OR  STONE  BASE 


NEW  MACADAM  BASE 


-/6L/e'- 


&-  . Crown '/4'h '//per fir &- 0 


6  Base  l'3.'0  Cone.     2  'io  2'/^  Rock  Asphalt  spread  loose 

Surface  of  Base  fo  be  roughened  mechanically 
or  by  casrina  on  I  "sione  before  fnlHoit  selling 

CONCRETE  BASE 

Fig.    28. — Rock    asphalt.     U.    S.    Bureau    Public    Roads    (1925). 
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&t™Wi_clthx       Normal  Width         s^Exfra Width 


o 


-X- 


Expoinsion 


/  Joint- 


,.--  Painted Jo/hls-.. 
£-. j_ — ik 


</•<>^/'VA;^0^>'^  •'/?>:  ^/o-:-^:?^>gi-V.A^,- o-7 


Expansion 
Joint    '■•jiT 


EXTRA  WIDTH  SECTION 

Plain  or  Rsinforced  Concrete  Pavement 


,#  v 


K 


^*  ,  Crown,  Parabolic  or  Circular  „     . 


ty'Bar  --^-7-^-' — ->)<—  - Cr7L8'  -*k?>! 

Cg/W*  Mr  /.'/£>  :3or/:2:3 
Reinforcement-2"beiowSurface,20ffio  60* per  100  sq.  ft 
Longitudinal  Joint  at  center  with  '/2'Dowel  Bars  4  'long 

Spaced  S  c.  to  c.  commonly  used. 
Use  7  uniform  depth  on  central porf ion  for  heavy  Ira  f fie  roads 

k—  ---.—  -/q'/8-20- ->j 

a  ,  r>"i   -y^-4- ?"  r'i  ,  Crown  Parabolic  or  Circular 

3/  "d    .-'    Two  Plain  Subgrade  Crown 

Use  7  "center  and  8  "edge  for  heavy  iraffi'c  roads 
Concrete  Mix,  Reinforcement,  Center  Longiiudinod  Joint 
and  Dowels  same  as  above. 


K—  7/— 


---]<bLl8L20- 


tyoar 

Use  7  "center  and  9  edge  for  heavy  traffic  roads 

Surface  crown  may  be  parabolic  and  subgrade  circular,  both 

may  be  parabolic  or  both  mag  be  circular 
Conor  ele  Mix,  Reinforcemen  t,  Center  Longitudinal  Joint 

and  Dowels  same  as  above. 

Fig.  28. — Cement    concrete.      U.   S.   Bureau  Public  Roads   (1925). 
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.-  ,, '/       r.       k  Bituminous  Joint  when 

Crown  'Uper  ft         Cement  Croat  is  used  as  filler 

v>e  j-   h- — \-te-i8--\-:-- 

*T&falto&l      *      "\i  WigralConc.Fdging 


>£  /  6"Conc.  Base      \        %/  &  ^  <&^  6^W 

/  (j:3:6Mix)  I  «£**£ 
I   Graz/7 

%  Cement- 


Separate  Cbfft  !  6"Conc.Base     \  .     "'  ^  Sand  Cushion 
Edqinq        •'  0 '3-0 Mix)  \  Joints  filled  w/th  Portland  Cement 

I   Grout  or  Bituminous  Filter 


Edging 
'iilTSed  SEMI-MONOLITHIC  |C0MM0N  DESIGN 
-^----/ef-/8f- ttffe 


,-.i 


J  Sand  Cushion         [•    Mastic  Filter  or  Cement Orowr 
4-S"W.B.  Macadam 
BRICK  OR  STONE  BASE 


---te'-/8' 

a   Crown      r      ,   1 1  ■  1 
/-sprouted  Joints-) 


".t' 


5  of 'I '.' '2. '4  or  6  "ofl-'J-'6  Concrete 
'U  Cement-Sand  Bed 

MONOLITHIC  BRICK 

Fig.    28. — Brick.      U.    S.    Bureau    Public    Roads    (1925). 
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,  s:  2 
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2:  ,     ,f .  .24" 


<-5'->+3*3% 18' *3%3%2*-6'-b IQ1 4?> 


V/.v^T/.V' 


60-0  Befween  Right-of -Way  Lines 

CROSS  SECTION  OF  ROAD  ON  &0'-0"RI6HT-OF-WAY 
WITH  DRAINA6E  DITCH 


Y3'-oL--9-0 


/!•/' 


T 


•\ 


Reinforced 
Concrete 


Oracled  and  Compacted 
for  Traffic 
DUAL  TYPE 


Concrete  1:2- 3  Mix  ...  Expansion  Joinfs . .       Concrete  J:  2 -'3  Mix 


\        </  y  y _  </ t£_    T 


'5  "Concrefe  1'3J  6  Mix 

SIMGLE  CAR  TRACK  DOUBLE  CAR  TRACK 

Plain  or  Reinforced  Concre+e  Pavemen-f 

Fig.    28. — Miscellaneous   sections.      U.    S.    Bureau    Public    Roads 

(1925)- 
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CutS/cpelJ:/, 

Circwar Arc  rwvenfentOiNM 
*Cwwn  Grade       j  tS     0\  j 

.i—/0'tv'Z!\~H 

---SO'-O""- 

Z4'-0'-\ 

Typical  Section  (Shallow  Ditch) 


NOTf.ux  m*  section  at  thetop 
of  hills  or  where  there  is  a 
smalt  amount  of  surface 
in  the  ditches 


-is'-so'- >•<- -.--is'-so'- 

SO  'tolOO  'Right  of  Way : -.--• 

Circular  Arc  Pavement  Crown       Cut  Slope  1^1-.^ 
7  Grade  J  '  gfj*  foZO% 


3N0Te:Use  this  section  where 
there  it  a  moderate  amount  of 
Surface  water  The  proper  use 
of  this  section  can  generally 
J*  be  determined  by  inspection 


^&*<, 


Typical  Section(Medi<jm  Ditch) 
Circular  A  re fbvement Crown  M       ,       f 
tCrywn  Grade  '      '.     t? 


Pitch 


Surface 


Z4'-0" 

Roadway  Proper 

Typical  Section(Special  Pitches) 


Where  a  special  ditch  it 
required  the  size  needed  shetAd 
be  carefully  worked  out  by 
I  means  of  the  watershed  area, 
J  probable  runoff.and  ditch 

Surface    *>'*& 


'Where  a  large  amount  of 'water  must be cornea 'along the /toad, 
sepan.  te  the  Special  Pitch  from  the  Road  Section  and  keep  it  as  near 
the  fence  line  as  possible;  this  terds  to  reduce  excavation,  saves 
Guard  Raiiand  makes  the  Road  Safer 


Pitch  in  Cut 


Natural  Ground  Surface 


Typical  Section  (Deep  Fills) 
Half  Section  Fin<,  Half  Section  FiUs 

lew  than  4' Deep  over4'Deep 


PitchinCut 


Straight  Une 
* '4      \mJmZade        ^WW  ^Wopwn  Grade 
Vi'Xs'Xl  %.-  -10  fe/2  ^k"-^^  *®% 


>/9n? 


Typical  Banked  Section  (On  Curves) 


Tab'e  of  Banked  Croons 

Radius  of 
ROOdC.L 

Rate  of  Bonked 
Crown 

SO'toZOO' 
ZOO'tpSOO', 
SOOtoBOO' 

ew'tDioeo' 

3&m*i-fftoi 
3/4  ..»/•  ■ 
3/4  .. ..  1   »• 

NOTt: 


Single  TracJt  Macadam  Roads  do  not\ 
have  enough  Traffic  to  warrant  | 
widening  theftnvrnenterrCtirrtt 


Fig.  2qA. — Single  track  macadam  or  gravel  roads  (suitable  for  roads 
carrying  up  to  about  300  vehicles  per  day).      Typical  sections. 
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7'CtoZ" 
Macadam  or  Gravel  Shoulders.*  ■  v, 

Circular Arc  Hr,nmept  Crown    f •  i      , /?' j£i0 
vm  Grade  _  _  LZjKJ^ 


I .  Special    . 
f-plfc'h"M 


Typical  Shallow  pi  left  Section  • 

Typical  SectiortfSpecia!  Ditches) 

' '  Where  a  large  amount  of  'water  must be  carried  along  the  Road, 
separate  the  special  ditch  from  the  Road  Section  and  keep  ih 
as  near  the  fence  line  as  possible 


Bench  Cut  cut  of  Slope  on  Curves 
to  increase  Sight  Distance 


Circular  Arc  farerfvnt  Crown 

,»   «  2i"fo3" 

.12  &  sCrown  Grade  L       V 


$ 


K-\S 


\24%&&"-7!0$"—&.-  —  8'-O--- 
Typical  Half  Section  Typical  Half  Section 

Deep  Cuts  en  Grades  Deep  Cl^s  on  Grades 

less  than  5%  of  5%  or  more    \-\ 

Concrete  -, 1 V.  »« 

Guard    _  2i  fai-- 

PaO '—     I    .-Crown Grade 


9-0"— -la\ 
■lO'-o' — -A 

Typical  Side  Hill  Section 


Pitch  in  Cut- 


Half  Section 
Fills  lc,sthan4'Deep 


Half  Section 
Fills  0*er4'Dee9 


^77^^~ 


Fig.  29B. — Double  track  macadam  roads.  Suitable  for  local 
service  or  secondary  State  Roads  carrying  from  300  to  2000  vehi- 
cles per  day  (12  hour  count  in  summer).     Typical  sections. 

Note. — Use  7  ft.  shoulder  for  traffic  over  1500  daily  average  to  per- 
mit parkmg  off  the  pavement. 
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I 
I 


— Pavement  Pnpei M  *  . 

Mimm— i||m,£|."  -\6  Minimum 

Botbm  Course  Macadam     Top  of  Reck  Excavation 
Typical  Rock  Section 

itorn: 

Pock  excavation  will  be  paid  for  to  an  elevation  12  inches  below  the  surface 
of  the  finished  road  and  no  rock  excavation  will  be  paid  for  below  ttut  elevation 
or  outside  of  the  neat  side  slopes  shown  on  the  plans 

Ho  part  of  the  solid rock  shall  be  closer  than  6  inches  to  the  top  of  the 
finished section  All depressions  under  the  pavement  proper  lower  than  the  bottom 
Of 'the  bottom  course  ot 'the pavement  shall be bach -filled with  stone  chips,  filled 
aravelpnd  rolled  or  tamped  untii  firm  and  hard.  This  backfill 


with  sand  ore, 

is  included  in  the  price  bid  for  rocli  excavation 

.{Total  Superelevahon%    1     „.       i'^' Superelevation 
<■?      _  ,      ,  *?i    J;     Theoretical 'Orade    :        , 

ml***  ^    S     C.L.of Pavement:  ■    ':    IS., 

is'-o'to'i6,-o'—"-':'^^mie^^^^'^^^^ 

U-.-is'-o'toZO'-O"—^    '■■  ^Kv 

hot  less  than  i'-O11    *■' 
Typical  Section(Sharp  Curves) 


I* 


Tabie  of  Rate  of 
Radius  of 

Rood  Center  Line 
.in  Fee*- 
SO  -  ZOO 
Z00-SOO 
500-800 
BOO-IOCO 


Rate©f 

Supe  novation 

ifyikfo  rfcof 
3/4  ••    ••  /    •• 
3/4  *   »•  /    h 

*>  •  '■'  - 


I 


Jotal  Width  on  Curve 


Hormal  Width 
Additional  Width 


Pavement  Widening  Layout 


Table  of  Pavement  Widening 

Radius  of  Road 

Total  Width 

V 

Center  Line 

Pavement  on 

in   Feet 

Curves 

Feet 

50  feet 

Z9  feet 

100 

IS     ■> 

ZS    0 

100 

100     » 

100 

ZOO     n 

Zl     » 

HO 

100    » 

20     •> 

HO 

iOO      - 

Zj     - 

no 

590     • 

19     » 

a 

too    ' 

a    » 

•>0 

HOTS'.  Use  normal  Pavement  Width 

on  Curves  having  a  radius  of 

more  than  600  feet 

Tcbfe  of  Recommended  Total-Depth  of 
Macadam  Pavements  on  Different  Soils 


Rjverr.snt  m  Cut  or  Fi!  I 


In  Cut 

Or,  Fills  h<s  than  I  ft  deep 
•    <•  IfttoSft        « 

"      n     Over  3  ft. » 


oam  I*™*** 
?%lZ"\lS"toZ4'm 


9'tolZ  XlS'toH' 
$'    \IZ'fOIS' 

e'  \    9' 


2gB. — Double  track  macadam  roads.     Typical  sections. 
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Parabolic  Pavement  Crown 
S L  Crown  Orade     \ 

l i»|lipi.lll«l.!l!l»l!lll!P 

L? —  is'toBo' 


,»VoJ*' -> 

38'- - 

Tupical   Section  (Shallow  Pitch) 


<r- .  .......  --  -60%  lio' Right  of  Way  •• 


Use  rules  f> 
City  Street 
Crown  whei 
raised  Curb 
•s  used. 


■-■tS'-hn' 

Typical  Sido  Hill  Section 


Curb  Inlet  Catch 
Basins  at  Short- 
Intervals 


TYPICAL  MEDIUM  DITCH  SECTION  ]  Similar  to  Fig.  20B  except  t 
SPECIAL  "  "  t   the  Overall  Width  dimensi 

FILL  SECTION  |    are  6'  to  8'  greater  than  gi 

BANKED         "  J    in  Fig.  29B 

ROCK  EXCAVATION:  Method  of  Payment  similar  to  Fig.  29B  exc 
that  none  of  the  Solid  Rock  shall  project  ab 
the  bottom  of  the  Pavement  Base 
NOTE:  For  thickness  of  Pavements  and  Design  of  Pavement  Base  1 
Surfacing  See  Chapter  VI 

Fig.  29C — Special  sections  rigid  pavement  roads  (roads  carry- 
over 2000  vehicles  per  day.      Typical  sections. 


TYPICAL  SECTIONS 


159 


STANDARD  6RADIN6SECTI0N,ILLl)STRATIN6  METHOD  OF  DESIGNATING  ROADWAY  WIDTH 

Standard  roadway  wid+h  +0  bedesigna+ed  as  width  in  thorough  cu+, 
dimension "A'Tnthe+oible. Reference  fo  a  standard  roadway  width 
will  imply  ihe  corresponding  dimensions  as  shown  in  the  table. 


STANDARD 
ROADWAY 
WIDTHS 

CUT 

SIDE  HILL 

FILL 

'/2A 

<kC 

A 

B 

C 

.      20' 

50' 

21' 

22' 

10' 

II' 

24' 

24' 

25' 

26' 

12' 

13' 

28' 

28' 

29 1 

30' 

.14' 

15' 

30' 

30' 

31* 

32' 

15' 

16' 

40' 

40' 

41' 

42' 

20' 

ZV 

3\ 


Profile  6rade     Crown  Oracle  oi 'Completed 'Surfacing 

r'      .--—--  — -y^-  — 

jpOk-.-~.-rj>2  A >H '4>C 

(rnmjU... - B    

UNSURFACED  SECTION  , 

^Finished  Grade  .Slope  fa  per  foot 

xoV- 

^~(mm.)   ^  GRAVEL  WEARING  SURFACE    Finished  Oracle       '* 

Slope^perft  SbpeJ.2%.        g>  ^'Wearing  Course  )     Slope^/4"perfoof 


^~~  0  •      Slope  'h  per  foor 

I  -Profile  Grade 
-Variable -•»!/£• 


^4 


■o\.  Variable^. Variable ->k-  •-*--:> 


7h~T7-> 


■Variable  ■■■-• ->Wariabk\  I V  -*** 


..lm'nJ   .,  ASPHALT  CONCRETE 

■^.Slopelperfh    ^bpel.2%  s; ' ^'Weanng Course  Siope^perff. 

m//>vr>yFrr> 

V-0\ triable  a 

■Mffafo)      L      PORTLAND  CEMENT  CONCRETE  PAVEMENT  „.      ,„      ri 

%pemsbPea6Z6»    9."^6"    V  J^Uperfr 

.  ,  HlbriableA^A* Variable-  •  ■  ---^-O^VaricbMk-    ^  r 

Sl8  Def'J. \  ■£  PORTLANDCEMENT  CONCRETE  PAVEMENT  AND  CURB 
Bar^V 

6 

%DowelBars^\\'l~,y-'.\]/Ctr,^ble 
l2"/g.l2c.ioc. 

NOTE!  Thickness  of  surfacing  shown  is  minimum,  and  is 
increased  where  conditions  require 


"^yfr     Slope  0.8%    9".\  ,  Z  ong.  Join  / •    yj 


y  Slope  %  per  ff. 


■>*&QWkriable- 


■.  28A. — California  standard  road  sections  (1925).    (State  roads.) 
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t.i 


^&f 8'-0-- *—  -S'-0---^c3'-^ 


■,'■'.,,.  i  i ;  1 1 1 }  /'.''v.1  i<r>  1/  >>  >/})  i  ii'i )>i/,„ 

'"Bituminous  Macadcrtn 


Side  Underdrain 
with  Stone  Base 


Variable  Ditch 
Outfall  Dikh(Variabk) 

w 


f-6J-~-  dWL...yg....SL0»....^...SgL0!'. ...  ^ 


8  Crave  I  Shoulder 
V  Dram        for  Oracles  over  6% 


Guard  Rail 


: w'-e"- *F*n 


Fig.  28B. — State  of  Maine  standards  (1925). 


MOUNTAIN -ROAD  SECTIONS 

Discussion. — The  desirable  requirements  for  mountain-r< 
sections  are  the  same  as  for  roads  previously  discussed,  but  on  st< 
side-hill  work  the  width  of  grading  used  for  ordinary  topograp 
would  be  prohibitive  in  cost.  As  most  of  these  roads  are  natui 
soil  roads,  the  crown  is  the  only  element  of  the  section  not  covei 
in  the  previous  discussion.  For  the  gravel  or  stony  material  usua 
encountered  ^3"  to  i'  is  generally  satisfactory.  For  sand  or  hea 
soils  }>4"  or  %"  to  1'  is  better  practice.  The  old  idea  that  cro 
should  be  increased  on  steep  grades  has  been  abandoned  for,  wr. 
that  expedient  undoubtedly  helped  the  drainage,  it  caused  more 
convenience  to  traffic  than  it  was  worth.  In  many  cases  present  pr; 
tice  decreases  the  crown  on  steep  grades  to  give  better  vehicle  C( 
trol.  Crowns  on  mountain  roads  are  also  affected  by  the  abser 
of  guard  rail  or  other  safety  provisions.  The  ordinary  symmetri 
crown  is  used  where  wall  or  guard  rail  protects  the  dangerous  01 
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,  Narrow  Section  to  be 
•^  used  when  Ordered 


«.'*      Z  L,  **""!?*     Mrrow  Section  foj* 
Standard  Section    used  when  Order^cf 

ledge .    F'-te 


V   l&\ 


Rock  Section --^MfdhW^ui- 


-16'-0 


Oravd  Base,Area  5^Sq.Ft. 

K- -teL0-- .--->] 

:Z  Cushion    | 

Stone  Base,Area!2>2$q.Ft. 
Side  Under  Drain,Area  7^Sq.Ft 


•■Wr* 


M^ 


-Azkfe 

Oravel 


Stone  V'Drafn 
Area  16.8  Sq.  Ft. 


%^ 


/&  u  1  Outfall  Ditch 


4  fife  Prain-^&t^—i* 
Gravel  *V*Drain,  Area  17.05  Sq.Fii 
Fig.  285. — {Continued.) 


iide  slope,  but  on  many  roads  so  much  rail  would  be  needed  that  it 
s  prohibitive  in  cost,  and  where  it  cannot  be  used  the  road  is  tipped 
me  way  in  a  continuous  slant  toward  the  hill  so  that  if  a  machine 
ikids  it  will  slide  in  against  the  cut  slope.  This  kind  of  section  is 
lot  so  comfortable  to  ride  as  the  ordinary  crown,  but  if  the  surface 
s  at  all  greasy  the  element  of  increased  safety  outweighs  any  minor 
nconvenience  of  side  tilt. 
Effect  of  Width  on  Cost. — The  width  of  section  has  more  effect 
t>n  cost  than  any  other  part  of  the  design.  On  a  new  side-hill 
ocation  the  relation  of  width  to  cost  can  be  roughly  established. 
.t  will,  of  course,  vary  for  different  side  slopes  of  the  hill  and  differ- 
nt  cut  slopes  of  the  excavation,  but  the  relation  will  be  approxi- 
nately  as  follows,  for  balanced  sections  (Table  128,  p.  786). 
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Excavation  per  Mile.     250  Side-hill  Slope 

1 :   1  slope  in  cut.  1^  :i  slope  in  fill 

(S-8)  io'  width  (ditch  to  outside  of  shoulder)  4,300  cu.  yd.  per  mil 
(S-10)  12'  width  (ditch  to  outside  of  shoulder)  6,100  cu.  yd.  per  mil 
(S-14)  16'  width  (ditch  to  outside  of  shoulder)  10,200  cu.  yd.  per  mil 
(S-16)  18'  width  (ditch  to  outside  of  shoulder)  12,800  cu.  yd.  per  mil 
(S-18)  20'  width  (ditch  to  outside  of  shoulder)  15,400  cu.  yd.  per  mil 


Symme+rica.l  Crown, 
wffh  Guard  Rafl, 


Fig.  30 


In  general,  a  20'  width  requires  about  three  and  one-half  time 
as  much  excavation  as  a  io'  width.  The  relative  cost  of  differen 
widths  is  also  affected  by  the  amount  of  rock  excavation,  which  i 
generally  much  greater  for  the  wider  widths.  This  depends  on  th 
depth  of  soil  overlying  the  rock.  This  element  affects  the  cos 
so  much  that  in  certain  cases  it  has  been  found  cheaper  to  build  tw« 
separate  single-track  roads  for  short  distances  rather  than  on 
double-track  highway. 


Fig.  31. 

Mountain  roads  are  classed  roughly  as  double  track  or  single 
track,  meaning  the  same  as  for  railroad  work,  a  double  line  of  traffic 
or  a  single  line  with  turnouts  to  allow  passing.  As  each  foot  oi 
extra  width  is  costly,  it  is  important  to  determine  the  minimum  width 
of  grading  that  will  serve  the  purpose  for  these  two  classifications. 

Minimum  Width  Side-hill  Section. — If  the  roadbed  is  benched 
out  of  solid  rock,  a  narrower  width  will  serve  as  the  entire  width  is 
firm  and  stable.     If  the  section  is  a  balanced  section  part  in   cut 
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and  part  in  fill,  it  must  be  wider,  as  embankments  on  steep  slopes  are 
liable  to  settle,  slide,  or  wash  out  and  it  is  not  safe  to  drive  so  closely 
to  the  edge  as  in  the  first  case.  The  amount  of  road  "in  solid" 
is  therefore  the  prime  requisite  and  "feet  in  solid"  is  often  used  as 
the  specification  for  contract  road  jobs  where  engineering  design 


case  no.  1. 

A!l"ln  Solid" 


CASE  2. 
.Part Cut-  Part  Fill. 


Fig.  32. 


Guard  Rait 


Sta.659+22 
El.  5344.5 

Double   Track   Road  Single  Track   Road" 

Fig.  33. — Single  and  double  track  roads. 

s  not  used.  Present  practice  favors  a  minimum  single  track,  total 
grading  width  of  io'  in  rock  or  where  the  outer  embankment  is 
sustained  by  a  retaining  wall  and  a  total  width  of  12'  for  the  ordi- 
lary  balanced  section  in  earth.     Balanced  sections  are  generally 
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used  up  to  300  side  slopes  and  beyond  that  toe  walls  or  retaining 
walls  are  necessary  for  earth  sections.  For  a  300  side  slope  a  total 
grading  width  of  12'  results  in  approximately  7  to  8'  in  solid  cut. 
A  double-track  section  requires  a  minimum  total  grading  width  of 
14'  in  rock  or  wall  sections  and  16'  in  balanced  earth  section,  which 
gives  approximately  io'  in  solid.  These  same  limiting  widths 
apply  to  turnout  sections  on  single-track  roads.  Where  guard  rail 
is  used  i'  should  be  added  to  these  widths.  These  widths  are, 
however,  very  skimpy,  and  if  the  money  is  available  at  least  2' 
additional  should  be  used. 

Turnouts. — On  single-track  roads  turnouts  are  constructed  at 
sufficiently  frequent  intervals  so  that  drivers  can  see  between  them 
and  there  will  be  no  danger  of  meeting  at  impassable  spots.  This 
generally  requires  from  5  to  10  to  the  mile.  The  minimum  satis- 
factory length  of  turnout  is  about  6o'  and  the  grade  should  be  as 
easy  as  possible  at  these  points. 

Fill  Sections. — Through  fill  sections  must  be  constructed  wider 
than  side-hill  sections,  as  the  sides  are  bound  to  slough  off  under 
weather  action  and  all  the  elements  of  wear  tend  to  decrease  the 
width;  14'  is  considered  the  minimum  width  for  a  single-track  road 
and  20'  the  minimum  for  a  double-track.  A  symmetrical  crown  is 
advisable  on  fills  even  on  curves.  Where  guard  rail  is  used,  increase 
these  widths  2'.  These  sections  occur  on  only  a  small  per  cent  of 
the  length  of  mountain  roads. 

Through  Cut  Sections. — These  sections  are  rare  in  occurrence; 
the  minimum  width,  ditch  to  ditch,  for  single-track  roads  can  be 
considered  as  12'  and  for  double-track  18'.  The  use  of  minimum  : 
widths  for  either  through  cut  or  fill  sections  on  mountain  roads  has 
small  effect  on  cost,  and  for  that  reason  more  liberality  in  their 
widths  is  allowable. 

Turnpike  Sections. — Where  the  natural  ground  cross-slope  is  less  1 
than  50,  turnpiking  is  the  usual  construction  and  the  difference  in 
cost  of  a  single  or  double  track  is  so  small  that  it  is  not  worth  con- 
sidering.    For  this  class  of  section  a  minimum  of  22'  between 
ditches  will  apply  to  any  road,  and  a  width  of  24'  is  generally  used. 

Selection  of  Section. — Plate  35  (pp.  166  to  171),  illustrates  typi- 
cal mountain-road  sections,  pioneer  districts. 

The  turnpike  section  is  used  up  to  natural  ground  side  slopes  of 
50  for  continuous  balanced  work. 

The  side-hill  sections  are  used  above  50  for  continuous  balanced 
work.  The  one-way  crown  is  used  on  all  single-track  side-hill 
sections  where  guard  rail  is  lacking.  The  one-way  crown  is  used 
on  unprotected  double-track  roads  where  the  side  slope  is  greater 
than  1 50.  The  symmetrical  crown  is  used  on  protected  double- 
track  roads  and  on  unprotected  sections  where  the  side  slope  is  less 
than  1 50. 

Through  cut  and  fill  sections  are  used  where  required  by  the 
profile. 

Superelevation  is  used  on  curves,  but  rarely  on  high  through 
fills.  The  ditch  on  the  upper  side  of  a  superelevated  through  cut 
section  can  be  omitted  if  the  cut  is  short. 
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Cut  and  fill  slopes  depend  on  the  natural  material  and  climate 
id  were  discussed  on  page  144.  There  is  too  much  tendency  to 
;e  steep  slopes  to  save  on  construction  cost,  although  excessively 
it  slopes  are  not  necessary  or  advised,  it  being  cheaper  to  take  care 

minor  slides  by  maintenance  (for  effect  of  cut  slopes,  see  Table 

8,  p.  786). 

Wall  Sections. — These  sections  are  used  where  the  natural  hill 
:>pe  is  practically  as  steep  or  steeper  than  the  stable  embankment 
}pe.  Toe  or  retaining  walls  are  necessary  for  earth  embankments 
here  the  natural  slope  exceeds  approximately  300  and  for  rock 
Is  where  the  natural  slope  exceeds  approximately  400.  Wall 
:tails  are  described  in  Chapters  X  and  XII.  Surcharged  breast 
ills  are  to  be  avoided  if  possible. 


Intercepting 
Ditch 


Fig.  34. 

Intercepting  Ditches. — Where  considerable  water  runs  down  the 
mill  slope,  intercepting  ditches  are  used  to  protect  the  cut  slope 
id  relieve  the  road  ditch  of  excess  water.  These  ditches  discharge 
the  nearest  cross-culvert  and  are  an  important  part  of  the  design. 
Bench  Sections. — Bench  sections  are  used  in  rock  ledge  work 
:e  sec.  S-10,  Plate  35,  and  Table  128,  p.  786). 

STREET  SECTIONS 

Widths. — This  book  is  primarily  concerned  with  the  design  of 

ral  highways,  but  in  connection  with  rural  improved  highways 

is  often  necessary  to  design  short  stretches  of  village  or  city  street 

tvements  as  connecting  links  on  such  systems,  and  proper  widths 

pavements  and  sidewalks  on  streets  become  an  element  in  the 

;signs  to  be  handled.     City-street  layouts  and  widths  are  big 

bjects,  covering  a  wide  range  from  unimportant  resident  streets 

pleasure  boulevards  and  congested  main  streets.     The  subject  is 

;11  covered  by  works  by  Robinson,  Lewis,  Blanchard,  Agg,  etc., 

id  for  special  problems  readers  are  referred  to  such  works. 

Connecting  links  in   state   highway  systems  through  villages 

merally  refer  to  main  residential  or  business  streets  of  villages  or 

all  cities.     For   these   conditions,   central  parking  spaces   are 

rely  desirable,  and  the  layout  is  the  common  one  of  roadway  with 

le  lawns  or  wide  sidewalks  from  the  curb  to  the  street  line. 

For  residential  streets  where  occasional  parking  parallel  to  the 

rb  prevails,  a  width  of  paved  street  of  30  to  32'  between  curbs 

a  satisfactory  minimum  on  state  route  connecting  links  through 

(text  continued  on  page  174.) 
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Typical  Super-Elevated  Sections  on  Curves. 

Never  use  a  Super-  Elevated  Section  where  the  Inside 
ot  the  Curve  is  on  a  Dangerous  Downward  Slope. 
Use  Super-Elevations  only  on  Curves  having  a  Radius 
Lessthan  300ft.  Use  the  same  Super-Elevation  on  800ft 
\  Radius  Curves  as  on  100' Radius  Curves. 
The  Center  Line  Elevation  and  Portion  of  the  Section 
on  the  Inside  of  the  Curve  remains  Normal^  the  Portion 
of  the  Section  on  the  Outside  of  the  Curve  is  changed 
as  indicated  below. 


CX. 

Any  Width 


C.L.  Profile 
j Qzgdej-ji 


Typical  Super-El-eva-hian 
In  Fill. 


C.L 


<■£?< 


Any  Width 

->k£-> 


XL 

file  6rad&-x 


Standard  Depth 


Typical    Super-Elevcrrion 
In   Cut. 


Fig.  35. — Pioneer  mountain  roads. 
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Typical  Turnpike  Sections 
Designated  T- Section. 


-5  ~-^- 


Crown  Elevation).  16" 


i 


.-4? 


\--l2'- 4t-r~j'--*| 

I  I 

\CL .  Pro  ft  le  Qrade 


Section  T-12 
Crown^"+ol' 


Crown 
Elevation 


CLPrdfile  Orade 


Sec+ion  T-16 


Crownx+ol 


Cro  wa7  Elevation 


imwmb 


Section  T-20 
Crown 3;  "-to  t' 


Note: 


Where  Side  Slopes  lie  between  5  Deg.and iSDeq 
use  a  Combination  of  5  and  F  Sections,  usinq 
\j5  Sections  in  the  Cut  Side  and j  F Sections 
on  the  Fill  Side-r 


Note: 
Use  Turnpike  Sections  on  Slo-pes  up  to  5Deq. 


Fig.  35. — Pioneer  mountain  roads  (continued) . 
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Typical  Through  Fill  Sect  ions 
Designa+ed  F  Sec+ions. 

Note'-    Fill Slopes  /• I  Rock  Fills. 

I^'-I  Ordinary  Earth, 
/^•'l  Special  Cases. 

Utilise  Waste  Excavation  by  Flattening 
Slopes  in  Fills . 


C  L. 


C.L.  of  Crown 
Elevation , 


^jfflsngm&0MBWBn&8im 


Sec+ion  F-l© 
Crown^-  s| 


C.\   Profile  Grade  1 


Crown  Elevation 


— !_«, , — -\ 


Fig.  35. — Pioneer  mountain  roads  (continued). 
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Typical  Side  Hi II  Sect-ions 
Note:        Designated  S  Sections.. 
Use  these  Sections  only  where  Side  Slope 
is  greater  than  l5Deq. 
(  \  On  Side  Slopes  between  SDey.  and  l5Deq.  use 
Two-Wau  Crown,  except  in  Sections- 10. 


Frequent-  Turnou-h  Widen  inqs  must  be 
used  with  this  Section. 
Section 5-8  is  the  Mimmumin  Rock. 
Sections- 10  is  the  Minimumm Earth. 


^rrorUe  drade. 
~~7"" 


One-Way  Crown^'to'l 
WhereverShort  Radius  Curves  are  necessary  around  a  Spur  and  it  is 
impossible  to  see  ahead  well,  use  this  Section. 


Fig.  35. — Pioneer  mountain  roads  {continued). 
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Typical  Through  Cu+  Section©. 
Designated  C  Sections. 

Note '  'Cut Slopes,  Jr  '•  /  Sn  Rock 
t  Jj>  •'  /  all  Ordinary  Earth 

-2s  I  Disintegrated  Rock.  i±i  /  Special  Soils 

1=1  Boulders  and  Earth.      _       j  > ,  OneSteep  Side  Hills  where  the  Use 
!••/  Large  Sandstone  Slabs  cf  j± .-/  wouldmake  unreasonable 

and  Earth.  i-ong  Slope. 


C.LPro+ile 
Grade  \ 


Grade 


CLof 
Crown 
Elevation 


CLc 

Crown* 

Elevation*- 


Lfrofile 
Grade 


Section  C-14. 

Crown  !■' to  f 
4 

<-2->K \ 16' ->k2^ 


Profile  Grade 


Section  C-16. 
•  Crown  I'tol' 


CL.otCrow. 
Elevation 


Section  C^ld 
Crown  ~t  "tot" 


Fig.  35. — Pioneer  mountain  roads  (continued). 


: 
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Seoi-Jon  W*i2. 


\.l.S'fo2.0' 

;-1  ? 


NOTE. 

Wall  generally  dry 
rubble  masonry. 
If subject fo  creek 
wash,  mortar  rubble 
or  concrete. 

Face  baiter 0+  Dry  Rubble    ">j  05'H  U- 

Typical     Wall   Section. 
Single    Track  Road. 
Minimum  ^Yidfh. 
Wall  Sections.  Designated    W.  Sections. 


Fig.  35. — Pioneer  mountain  roads  {continued). 

STREET  WIDTHS 

Chicago  Regional  Planning  Commission  recommends  widths  of 
iving  as  follows: 

Feet 

A.  Lane  for  moving  traffic 10 

B.  Lane  for  parking  parallel  with  curb 8 

C.  Lane  for  parking  at  angle  with  curb 18 

For  single-family  residential  streets  66-ft.  right  of  way  and  26-ft. 
ivement  width. 

For  main  residential  streets  66-ft.  right  of  way  and  36-ft.  paving 
dth  (two  moving  lanes  and  two  parking  lanes). 
For  business  streets  80-  and  100-ft.  right  of  way  with  56-  or 
>-ft.  paving  for  four  or  six  moving  lanes  and  two  parking  lanes. 
Author's  Note:  For  a  moving  lane  where  vehicles  are  largely 
issenger  autos  9  ft.  is  ample;  10  ft.  is  required  for  trucks  and 
isses. 
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fck 


r-W  40  -  M 

Residential 


SO' 

Three  Lines  of  Traffic 


j-'owtj^hf/V' 

U--  60t         >! 
Residential  Thoroughfares 


Residential  Thoroughfares 


2'^4^J6j   ^14^2' 
Residential  Thoroughfares 


k         -go'    — -w 
Commercial  MediumTraff/'c 


♦7 


Minor  Residential 


Commercia 


71 


Residential 


Sa4^i 


Commercial  Heavy  Traffic 

"71 


->j6l'7r^   40'    M# 
Commercial 


If 


is&@©6«jl 


* #'- —  -j 

Commercial 


Four  Lines  of  Traffic 


>  20' 

U 


Commercial 


20' <- 


60' 
Residential 


7-f 

1 
23 


Four  Lines  of  Traffic 
TwoTra  c+sSfree+Rgijwa  y 


.5f 


I 


H20^ 


7^^%2F. 


-no' 

Commercial  MflinThorouqhfore  Heovujrgf 


z'-MmW 


Boulevards  Parkways 


Fig.  36. — Street    widths.      City  Planning  Commission,  Rocheste 

N.  Y.,  1926. 
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3,.,'fl,a 


Wood  Block 

Ueptr1'2'^"fo3'  Cushion /"of CJass'D' 

Mortar       Width  ofRoodwau-Qown        COotornorowr%"(la'ssT  mortar  with '£' 

S  in  Inches    Faint  Coat      Width  of  Road »quz  Crown  in  T„, 

-»■■.•■■->;■.:•>;:■•«•.-':» 

Bnck  Sheet  Asphal 


'^LiLafff/,^  milhjty Depfh'-r    WearingSurface?" 
^Cushion*/- Qmert Sand -/:4miied dry         3/nderCovrse  *l* 

(with groin filler)  or  I  Sana 'with  Bituminous  W.UtUr.ff?^^^,.   ,.  "**" 

filkr)      WiMof^^y-Crowninlnches        ~ '%  ^'OvwnMaj^i^erfh 

ock  miofRoad^<rowninhches 

'sr^LengHi 8 '  tolO"  Width'4'h6» DepthS 'kg  _       ... 

&Cushion--/"Sar/d _  Wdltsf^sMm/^rowi inlnehes     tarth  grading 


■SC.8or/0 as  required.      r\    1    •■     r/~     1 
*££  ^-ao6s"E"Concreh  Detail  of  Curb 

3£?  >Z  W«?,  with  open  bell  joints.  and  <~r°wn 


Nofkss  than  6  "of Grave/ or  Broken  Jfone 

Fig.  37. — Rochester  street  crowns 


ROSEWATER  RULE 

FOR 

ALL  SURFACES  EXCEPT 

SHEET  ASPHALT 

Crown=  W<Uh  (loo- 4  s  %  Grade) 


SO  40  50    20 

Width  of  Pavement  in  Feet 


6  5 

a 

3 

4& 


30  40  60 

Width  of  Pavement  in  Feet 


Fig.  38. — City  street  crowns. 
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villages  where  there  are  no  street  car  tracks.  Where  double  car 
tracks  occur  it  is  customary  to  increase  the  minimum  to  36', 
although  this  width  does  not  give  as  great  freedom  of  movement  and 
a  width  of  50'  is  advisable  if  the  total  width  between  street  lines 


■Concrete  1-3-6 


w 

Porous 
Filling  -a 

2°Porous'    kjqz 
%/e  M/n.Cvrb'mg 

t5^Concrefe  1-3-6 


■HfjJ'orous  Filling 

Type  A 
Concrete  Curb 


>Bmep Holes 


2"P6rous     lypoQ 
V*.  Concrete  Curbing 

*%*&  Mccadarn^ 


'ami 

&ZEZZZ2ZZ2Z 

-  Concrete 


A  bu  Engineer    ~>  -J/Jk-  Otmple  Stone  Cu 
;^|j      J]  ForvLighfTraff.cVillagi 


Stone  Header 


S  fe'<"^ 


Sua 

r/*"J  Concrete  Edging 


Curb        ? 
e  Streets 


fi 


"tfioundhl'ffad  t. 

3#, 


H,.l„l  ,t 


AlOli-  |  I^Sand' 

Concrete  Base 
Simplest  Form  of  Concrete  Curb 


f  Ascitic  Felt  „  f&phdhc  Fell 
fC-j--- Slope '/b'+o  IFt  ■-   •  -•->fj^fc 


^ 


1  ■?  <•  t>,  o'" 


Also  every 


Curb  Li 


l"hp  dressing Class'B'Mortar(/:gmx) 
\flmn.  of  Class  S^nc/i^maJfjhrjtoneJ  YA 
hver  6  'in  width  reinforced  as  per  special  don 
Foundation  course  »M be  bu,l+,»hen  ordered 

|>  "Asohallic  Gross  Section  of  Two  Course  Cement  WalK 
Felt 


Sheet  Line* 6  Squares, 

'cy,  ?'i6"WhihOal<Planli.~ 


ft  Round    ^  \m<     Slope  of  walk  Vh  lit 
^r^^o-.-o-^-?.'^  ■.o-.c^ !~J8"m  embanking* 


>tpaved\ , 
bite  S\4°- 
■<istobe\  " 


'oak plank,*,  ,± 

bced  along  edge,  same  as 


■f//Y/xA> 


V/7r>rr/>V>fi  [Stiver  line 

,  •  y.U'in  thickness  for erew  foot 
J  Farm  tile  connected  \  i,n  width  up  to  6feef4"Min 
to  Street drains  at    .'  lo  f  Class  ~A  "Concrete  l-l/?-3  Mix. 
inter\rals  of  not     /  (Zf'fol'JfoneJ 

ererFOOfeet       •'.U"Brok(,nshnei3myelor  toiler 
\  cinders  when  ordered 
Over  G  'in  width  reinforced  as  per  special  plan 

Cro&s  Sec+ion  of  One  Course  Cement  Wblk 


Curb  Line 
Layout  of  Driveway  and  Crosswalk  in  Drive 

Fig.  39. — Sidewalk  and  curb  details. 

will  permit.  Sidewalks  5'  wide  with  a  variable  width  of  ornamental 
grass,  tree,  or  shrubbery  parking  with  a  minimum  cross-slope  of  }i 
to  %"  per  foot  will  serve  very  well.     Excessive  pavement  widths 


are  to  be  avoided  on  residential  streets  and  wide  side  parking  adds 
to  the  pleasing  appearance  of  the  street. 

In  business  sections  a  minimum  width  of  50  and  preferably  60' 
between  curbs  is  desirable  where  there  are  no  car  tracks.  Sidewalks 
from  curb  building  line  should  be  at  least  12'  if  the  total  width  of 
the  street  permits.  For  wide  business  streets  it  is  rarely  necessary 
to  make  the  sidewalk  more  than  18',  the  pavement  taking  up  the 
balance  of  the  space.  Where  street  car  tracks  occur,  it  is  desirable 
to  make  the  pavement  as  wide  as  possible  without  reducing  the 
sidewalk  width  below  the  12'  limit. 

TYPICAL  SECTIONS  WITH  TROLLEY  TRACKS1 
Note:When New  Rail iifo  be  used 'specify  T"or$'Crooved Rail 
n^    -        1  •_£      <•*-     «,    ,  H"Gv»n     Cement- Sand  Grvut 

Bituminous  Jornt^    Stone&ock  ,/Bnck ■/J"CemenfSandQ&h/on 
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»yv*JW/W 


6'8'Tk-8'-6%   'BaBastlgfavken'Shne    * 
TSfepptd flail     7 .Grooved Bail 
SINGLE  TRACK  IN  CENTER-STOKE  BLOCK  OR  BRICK 
See  Specifications:  For  Stone  Block  RwementArt  79-S,  For  Brick  Pavement,  Art  7S-R 
^  Bituminous  Joint'';  t/tLn'  Macadam Surface  asspecif/ed 

'".-;:v:.-.:/Mff'.--...:::::::^ 


£n 


_.,  1:3:6         CONCRETE  OR  WATER  BOUND  MACADAM 
Z-SSIoaConcrsie  5a5pKificationsfwConcre<?fti«m«nr,Art.75-4r,      ol  ,  r  _/■ 
ShneBbckalemTi>i!s  _  ■m'n"  rS!one  Block  Surface 


^'Concrete  foundation 


U78il0"rte/S'-6%. 


B'iStoeBoUast...     '         .       ^'"Cement  Sand  Cushion 
3  Grooved  Roil  shown 


DOUBLE  TRACK  IN  CENTER 
BITUMINOUS  CONCRETEOR  STONE'  BLOCK 


Y—'5r0*«*--*\e IO'-0' >j<  ••  -    ••  -IQ'-O':-—    %,-->(<-     rfi^-H 


^'ti'i^Ai^leEdging. 


SINGLE  TRACK  AT  SIDE. 
Blocking  ft 


\  >l  U6' 
~AJ'xi7°8oli  and  Nut  spaced  18? ' 


S"-80*TeeRailshown 
LONGITUDINAL  SECTION- PLANK  CROSSING. 

Fig.  40. — Typical  car  track  sections  (State  of  New  Jersey,  1922). 

Figure  36  shows  good  typical  street-paving  widths. 

Crowns. — On  curbed  streets,  the  crown  should  be  more  than  on 
i  rural  highways  to  concentrate  flow  into  a  narrow  gutter  area,  and 
also  because  a  flat  crown  does  not  look  so  well  as  a  moderately  high 
( crown.  Figures  37  and  38  show  good  standard  practice  which 
( looks  well,  rides  easily  and  drains  well.  Circular  arc  or  parabolic 
j  crown  curves  are  recommended  (see  p.  956  for  method  of  figuring 
(1  crown  ordinates). 

Sidewalks. — Figure  39  shows  the  details  of  satisfactory  sidewalk 
[construction.  Cross-slopes  of  }>£"  Per  foot  are  satisfactory  for  con- 
I  crete  walks  and  %"  per  foot  for  brick  walks. 
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tt-jt 


i«Vl 


^ 


A: 


^S 


<-9;t- 


Elasfite. 


Bethlehem  Steel  Co 
91-282  or  Lorain 

SteelCo. 

Rwt 


Section' ft 


Sed/on  "t 


2'/2[o7»2'/2' 


2%2 

Fig.  41. 


/  Machine  Bolts  used 


-Street  car  track  details,  Roches 
ter,  N.  Y.  (1926). 


Car  Tracks. — Figures  40  and  41  show  good  typical  car  track 
instruction. 

Incidentals. — For  details  of  curbs,  catch  basins,  manholes, 
ghting  posts,  etc.,  see  Chap.  X  (pp.  685  to  696). 

RIGHT-OF-WAY  AND  CLEARING  WIDTHS 

The  width  of  right  of  way  is  determined  by  required  grading 
idths,  by  required  clearing  widths,  by  possible  future  widening  of 
le  grading,  and  by  a  minimum  sight  distance  where  buildings  may 
2  erected  directly  on  the  road  boundary  or  where  a  heavy  stand  of 
rush  or  trees  grows  on  the  land  back  of  the  road  boundary.     While 

is  desirable  to  provide  sufficient  width  for  all  the  requirements  of 
le  future,  the  use  of  a  needless  width  results  in  waste  land  which 
light  better  be  utilized  for  farming  or  building  purposes.  There 
ave  been  cases  of  rights  of  way  500'  wide  in  flat  country,  which 
:e  merely  ridiculous. 

The  ordinary  double-track  improved  road  section  varies  from 
\  to  36'  ditch  to  ditch.     The  cut  and  fill  slopes  back  of  the  ditch 
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U 24%32f- -J 

_  ..  60  '-to  70'Mmimum 


Fig.  42. — Future  road  section. 


ne  rarely  take  up  more  than  10'  in  ordinary  topography  and 
sperience  indicates  that  a  50'  width  of  right  of  way  will,  as  a  rule, 
e  satisfactory  as  far  as  the  grading  of  the  ordinary  rural  road  is 
Dncerned.  Practically  all  engineers  are  agreed  that  tree  planting 
nd  sidepaths  for  pedestrians  are  only  a  matter  of  time,  and  that  an 
Uowance  for  improvements  of  this  kind  is  reasonable.  Such  an 
Uowance  would  naturally  increase  the  normal  right-of-way  width 
>r  the  usual  local  service  road  to  approximately  60'. 

On  state  and  national  routes  where  four  lines  of  traffic  are  antici- 
ated  a  normal  width  of  8o'  ought  to  serve  satisfactorily  except  as 
lodified  for  deep  cuts  and  fills,  sight  distance  on  sharp  curves,  and 
earing  widths. 

Modifications  for  deep  cuts  and  high  fills  show  up  on  the  cross- 
ictions.  Modifications  for  sight  distance  can  be  worked  up 
iagrammatically  for  each  case,  but  in  order  to  give  some  idea  of  the 
pproximate  increase  in  right-of-way  widths  for  sharp  curves  tne 
blowing  tables  are  inserted. 
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Table  41. — Table  of  Distance  Between  Center  Line  of  Roa 

and  Right-of-way  Line  on  the  Inside  of  the  Curve  to 

Permit  Certain  Specified  Sight  Distances,  Assuming 

that  the  Line  of  Sight  is  not  Obstructed  within 

the  Limits  of  the  Right  of  Way  and  the 

Curve  is  Longer  than  the  Sight 

Distance  Required 


Road  center- 
line  radius, 
in  feet 


200' 
sight  distance 


300' 

sight  distance 


400' 
sight  distance 


500' 
sight  distanci 


Values  given  below  are  the  distance  from  the  road  center 

line  to  the  right  of  way  on  the  inside  of  the  curve  to  give 

the  sight  distance  shown  at  the  head  of  each  column. 


100 
ISO 
200 
250 
300 
400 
Soo 


100  .0 
38.0 
26.8 
20.8 
17. 1 
12.7 
10. 1 


150.0 
64-3 
50.0 
40.2 
29.2 
23.0 


200 

100, 

76 

53 

4i 


250.0 

1340 

87.6 

67  .0 


Table  42. — Table  of  Radii  of  Center  Line  Required  for  Di 
ferent  Sight  Distances  and  Different  Right-of-way 
Widths,  Assuming  that  the  Line  of  Sight  is  Tangent 
to  the  Right  of  Way  Line 

This  permits  building  being  erected  on  the  line.  This  tab 
indicates  minimum  curvature  for  certain  limiting  right-of-ws 
widths,  metropolitian  districts. 


Total  width  of 
right  of  way 

in  feet,  center 

line  of  road 

located  in  center 

of  right  of  way 


200' 

sight 

distance 


300' 

sight 

distance 


400' 

sight 

distance 


500' 

sight 

distance 


Values  given  below  are  the  approximate  radii  in  feet 

of  the  road  center  line  to  give  the  required  sight 

distance. 


50 

60 

80 

100 


212 
182 
145 
125 


463 
390 
301 
250 


812 
682 
520 

425 


1262 

1056 

801 

650 


Modifications  for  clearing  depend  on  the  height  and  thickness 
the  growth.  The  object  of  clearing  is,  first,  to  remove  growl 
within  the  slope  lines;  second,  to  provide  a  clear  view;  and,  third,  1 
clear  sufficient  width  to  allow  the  sun  to  reach  the  road,  dry  it  ou 
and  melt  snow.  This  last  depends  a  good  deal  on  the  direction  i 
which  the  road  is  running,  the  altitude,  and  geographical  locatioi 
It  is  entirely  a  matter  of  judgment,  but  should  be  liberal  in  the  fo 
est  districts  and  ranges  from  30'  in  low  growth  to  150'  in  adven 
locations  and  high  growth.  In  high  altitudes  roads  are  at  their  be? 
closed  in  winter,  and  if  careful  location  and  liberal  clearing  wi 


rease  the  length  of  the  open  season  it  is  well  worth  while,  as,  in 
jet,  it  increases  the  usefulness  of  the  road  by  15  to  25%. 
Recommended  Practice. — All  the  evidence  seems  to  indicate 
it  the  following  normal  right-of-way  widths  will  be  satisfactory, 
>vided  they  are  modified  for  unusual  conditions  of  grading,  sight 
tance,  and  clearing. 

Table  43 
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Main 
routes, 
in  feet 


Secondary 
roads, 
in  feet 


Local 
roads, 
in  feet 


ountainous  regions  (cheap  land) 
irming      country      (moderately 

cheap  land) 

etropolitan  districts   (expensive 
land) 


150 
100 

80 


100 
70 
60 


100 
50 
5© 


CHAPTER  IV 

DRAINAGE 

CULVERTS,    BRIDGES,    DITCHES,    UNDERDRAINS,    AI 
STORM  SEWERS 

The  problem  of  drainage  may  be  divided  into  three  parts: 
i.  Cross-drainage  (pp.  180  to  333). 

2.  Longitudinal  surface  drainage  (pp.  334  to  338). 

3.  Underdrainage  (pp.  338  to  341). 
Adequate  drainage  is  essential  to  the  success  of  road  constructs 

As  this  element  of  design  and  construction  is  a  fundamental  pern 
nent  requirement,  it  is  entitled  to  reasonable  liberality  in  expen 
ture  and  to  reasonable  allowances  for  future  flow  and  tra 
conditions.  Liberal  waterway,  safe  roadway  widths,  and  adequ. 
strength  of  structures  must  be  provided.  Reasonable  economy 
drainage  design  is  confined  to  the  selection  of  the  most  economi 
type  of  structure  which  will  serve  present  and  possible  future  I 
ditions.  The  selection  of  economic  type  depends  on  the  topograp 
of  the  stream  crossing,  height  of  banks,  foundation  conditio 
length  of  span,  proper  use  of  piers,  the  necessity  of  future  widen 
of  the  superstructure,  the  relative  local  costs  of  concrete  or  stc 
masonry  and  steel  and  the  utilization  of  old  structures  eitl 
in  whole  or  in  part.  Utilization  of  old  structures  very  materia 
reduces  bridge  costs  as  discussed  on  pages  210  and  1013.  A  typi 
preliminary  investigation  report  is  given  on  page  327,  supplement 
by  quick-estimating  diagrams  to  illustrate  economic  selection 
culverts  and  bridges.  It  is  essential  that  each  structure  recei 
careful  economic  engineering  design  analysis.  Stereotyped  use 
standards  is  to  be  avoided.  A  sliding-scale  standardization 
small  culverts  and  bridge  superstructures  is  convenient  and  app 
cable  to  most  cases.  Bridge  foundation  design,  however,  cannot 
economically  standardized 
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Cross-drainage  includes  culverts  and  bridges  located  at  natui 
stream  crossings,  natural  swales,  artificial  drainage  or  irrigatu 
ditches,  low  points  on  the  road  profile,  equalizing  culverts  whe 
the  road  passes  through  a  naturally  depressed  sump  area,  overflc 
culverts  in  flooded  areas,  and  ditch  relief  culverts  on  long  grade 

If  the  funds  are  limited,  the  cheaper  types  may  be  used,  but  1 
necessary  structures  must  be  built  not  only  to  protect  the  road  bi 
to  establish  a  reasonable  drainage  scheme  which  is  recognized  ar 
becomes  fixed  by  usage  as  the  country  develops;  it  is  very  difficu 
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3  change  surface  drainage  in  well-settled  districts  without  annoying 
nd  expensive  lawsuits. 

This  chapter  gives  a  short  discussion  of  the  essential  elements  of 
esign,  illustrated  by  standard  current  practice  for  culverts  and 
nail-span  bridges.  Long-span  bridges  are  a  specialized  subject 
nd  the  reader  is  referred  to  standard  bridge  books  for  data  on  their 
esign  and  construction.  Graphs  (pp.  310  to  325)  give  sufficient 
ata  for  preliminary  estimates  of  cost  and  the  selection  of  economic 
ype  for  such  bridges.  The  points  to  be  considered  in  culvert  and 
ridge  design  are: 

a.  Location  of  structure  and  channel  improvements. 

b.  Waterway  area  and  clearance  for  ice  and  debris. 

c.  Slope  and  elevation  of  culvert  inverts. 

d.  Dead  and  live  loadings. 

e.  Roadway  widths  and  clearances. 
/.  Type  of  structures. 
g.  Protection  from  scour. 

Location  of  Structure. — Poor  location  of  structure  is  the  most 
revalent  fault  of  the  usual  road  drainage  scheme.     A  good  location 

lfils  the  fundamental  requirement  of  getting  water  across  and 
way  from  the  road  as  soon  as  possible.  It  also  considers  the 
esirability  of  a  fairly  uniform  velocity  of  flow  of  the  water  in  the 
hannel  and  through  the  structure  in  order  to  minimize  scour  or 
ilting  up  of  the  waterway.  Sharp  changes  of  direction  in  the  flow, 
f  water  are  undesirable,  as  they  check  velocity  and  produce  ice  or 
ebris  jams  as  well  as  tend  to  clog  the  channel  with  silt  deposits. 

omparatively  inexpensive  channel  straightenings  often  materially 
educe  the  spans  and  cost  of  bridges.,  The  necessity  for  careful 
Indies  of  location  and  channel  improvements  is  emphasized. 

Simple  Illustrations  of  Culvert  Locations.  Case  I.  Simple 
light-angle  Stream  Crossing  (Fig.  43). — There  is  never  any  doubt  in 


Fence* 


h-Srrvam  Channel 


Fenced 


C.L.of '  Roadt^ 


/.Stream  Channel 

Fig.  43. — Case  I.     Culvert  location. 

;his  case.  The  structure  is  placed  directly  in  the  stream  line  and 
t  right  angles  to  the  road  center  line. 

Case  II.  Stream  Crossing  on  Skew  Angle  (Fig.  44). — In  a  case  of 
;his  kind  it  is  desirable  to  place  the  culvert  in  line  with  the  natural 
itream  channel. 

The  right-angle  location  marked  "poor"  saves  length  of  culvert, 
>ut  generally  requires  four  sharp  changes  in  direction  of  flow  which 
tend  to  check  the  velocity  of  flow  and  to  produce  scour  and  silting 
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up  at  the  angles.  Considering  maintenance  cost,  this  type  i 
generally  poor  economy  unless  the  creek  channel  can  be  change' 
for  some  distance. 

Unusual  relocation  o  f Channel* 

/..Usuat  sharp  angle 
ditch  location 


Case  II.     Culvert  location. 


Case  III.  Where  Stream  Must  Be  Carried  Along  Road  for  Som 
Distance  (Fig.  45). — The  location  marked  "good"  gets  the  water  oi 
to  the  low  side  of  the  road  as  soon  as  possible,  minimizes  shar] 
changes  in  the  direction  of  flow,  and  is  desirable  unless  houses  o 
barns  are  located  on  the  low  side  of  the  road  between  the  points  a 
which  the  stream  strikes  and  leaves  the  road. 


t  Fence 


iV  Qhanr 

*  'Location  No. 2 
.•^>trf>am  Ch/nnne>t 

r 


Poor- A    A.  .  y  C.L.ofRoad 

location 
Nff.3     T  ^Stream  Channel  ^S      Good  location  Culvert  No. 

* 5f 

Fence  ■•■' 


Ch*n~nejJ  "  "  jf  Not  more  than 

y  45   Angle 


Fig.  45. — Case  III.     Culvert  location. 

Location  2  is  desirable  where  houses  are  located  on  the  low  sidf 
of  the  road  but  not  at  the  high  side. 

Location  3  is  not  desirable  under  any  condition,  as  it  checks  flow 
and  causes  trouble  by  reducing  the  culvert  capacity  and  encouraging 
scour  and  silting.  In  a  number  of  cases  locations  of  this  nature 
have  proved  very  unsatisfactory. 

Case  IV.     Ditch  Relief  Culverts  on  Side-hill  Location  (Fig.  46). — 
Ditch  relief  culverts  on  side-hill  locations  are  very  desirable,  as  they  :? 
minimize  ditch  scour.     They  are  placed  at  any  natural  gully  forma- 
tion and  on  uniform  slope  formations  are  spaced  from  300  to  500'. 

The  spacing  between  these  ditch  relief  culverts  on  hill-side 
locations  depends  on  the  grade,  soil,  ditch  lining,  and  width  of 
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ction.  A  narrow  10'  mountain  road  requires  more  relief  than  a 
road  in  the  same  location,  as  even  a  small  washout  will  put  the 
irrower  road  out  of  commission,  while  a  moderately  bad  ditch 
our  will  not  stop  traffic  in  the  second  case.  No  set  rules  on  spacing 
n  be  given,  but  current  practice  favors  ditch  relief  culverts  on 


Profile 


*--ii 


Fence 


45  Skew 


|< Spacing  of  Culverts -n 

Fig.  46. — Case  IV.     Ditch  relief  culverts. 

%  grades  at  intervals  not  exceeding  300',  and  on  5%  grades  not 
cceeding  500'.  If  cobble  gutter  or  concrete  ditch  lining  is  used, 
le  distance  can  be  materially  increased  but  is  not  advised.  On 
ng  cut  and  fill  hills,  drop  inlets  into  storm  sewers  are  sometimes 
jcessary  to  prevent  overloading  of  the  ditch. 

Main   'Road 


Macadam 


Side  Culvert- Set 

Back  on  Side  Road"  ^ 

a 

0 

f 

a. 
Fig.  47. — Case  V.     Side  culverts. 

Case  V.  Side  Culverts  (Fig.  47). — In  designing  culverts  under 
de  roads,  the  length  must  be  great  enough  to  provide  an  easy  turn 
>r  traffic;  many  times  a  saving  in  length  can  be  made  by  placing 
le  culvert  a  short  distance  down  the  side  road,  as  shown  in  Fig. 
7,  but  this  should,  of  course,  not  be  done  on  steep  grades. 

Case  VI.  Bridge  and  Channel  Locations  (Figs.  48  and  49). — 
igures  48  and  49  illustrate  road  approach  relocation  and  simple 
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Fig.  48. — General  layout  bridge  No.  5  road  1247.  Showin 
improved  road  approach  alignment,  short  right  angle  span  an< 
channel  improvement. 
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inexpensive  channel  improvement  which  betters  road  approache: 
betters  flow  conditions,  and  reduces  cost  of  structure. 

Don'is. — The  main  fault  to  be  avoided  in  the  location  design  ( 
culverts  and  bridges  is  the  use  of  the  right-angle  location  where  th 
is  not  the  natural  and  reasonable  layout.  The  right-angle  layoi 
is  desirable  on  account  of  economy,  where  it  fits  the  conditions. 

Do  not  omit  culverts  on  side-hill  locations  and  run  the  water  f( 
long  distances  in  the  road  ditches. 

Waterway  Area  and  Clearance  for  Ice  and  Debris. — The  si; 
of  opening  and  elevation  of  bottom  of  superstructure  (top  of  opei 
ing),  depend  on  volume  and  velocity  of  stream  flow  and  on  clearam 
for  ice  and  floating  debris.  They  should  generally  conform  to  tl 
natural  conditions  at  the  stream  crossing  and  permit  a  normal  no 
at  normal  velocity. 

Clearance  for  Ice  and  Debris. — For  culverts  and  small-span  co 
crete  structures  (less  than  io')  no  allowance  is  made  for  debi 
clearance,  as  it  rarely  does  any  damage  to  the  structure,  and  shoi 
small  pondings  during  exceptional  flow  can  be  disregarded.  ( 
larger  streams  requiring  spans  of  over  io',  a  minimum  clearan 
between  bottom  of  structure  and  high-water  surface  is  general 
specified.  Iowa  specifies  a  minimum  clearance  of  i.o'  for  spans 
12  to  40'  and  2'  for  spans  longer  than  40'.  Maine  specifies  a  mil 
mum  of  4.0'  clearance  for  steel-girder  or  truss  bridges.  See  pa; 
1025  for  Western  New  York  debris  clearance  practice.  A  reaso 
able  underclearance  is  a  local  matter  and  no  broad  rule  can  be  givt 

Volume  anal  Flow  of  Water. — The  size  of  opening  is  usua 
determined  by  noting  the  size  of  the  old  structure  or,  if  none  exis 
the  size  of  other  structures  over  the  same  stream  and  by  inquiries 
neighboring  residents  or  the  road  commissioner  as  to  how  the  exi: 
ing  structure  has  handled  the  water  in  the  past.  As  a  general  ru 
the  size  of  opening  or  span  should  not  be  reduced  below  that  of  t 
present  structure,  but  in  steel  bridges  that  have  been  sold 
town  boards  by  enterprising  bridge  companies,  it  is  often  fou 
that  the  span  is  needlessly  long.  The  evidence  of  existing  strii 
tures  is  the  most  reliable  basis  of  design,  but  the  conclusions  shot 
be  checked  theoretically,  and  for  small  drainage  areas  in  villag 
and  all  drainage  areas  affecting  new  locations  in  sparsely  settl 
districts  either  the  physical  evidence  of  high  water  or  some  mai 
mum  run-off  formula  must  be  used.  Run-off  formulas  are  based 
the  rate  of  rainfall,  area  of  the  watershed,  topography,  and  sc 
The  rate  of  rainfall  varies  for  different  geographical  locations  a 
the  length  of  the  storm.  Reliable  information  for  any  locality  c 
be  obtained  from  the  Weather  Bureau.  Short  storms  develop  t 
greatest  intensity  and  produce  the  largest  run-off  for  small  wat 
sheds.  The  rates  reached  by  these  storms  should  be  considered 
designing  ditch  relief  culverts  or  cross-culverts  with  small  draina 
areas.  A  liberal  basis  for  these  cases  is  the  5-  or  10-min.  durati 
rate  of  Table  45  (p.  187).  Table  46  (p.  188)  illustrates  the  methc 
Most  culvert  design  is  based  on  a  24-hr.  precipitation,  as  illustrat 
in  Table  47  (p.  189),  and  applies  to  watersheds  of,  say,  0.5  sq.  mi 
and  up.  Streams  requiring  structures  of  over  10'  span  genera 
produce  physical  evidence  of  high  water  which  can  be  safely  use 
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Table  50  (p.  192)  gives  the  size  of  opening  used  by  the  Santa  Fe 
I.R.;  Table  48  (p.  190)  gives  the  size  of  opening  for  small  culverts 
sed  by  the  New  York  Central.  Table  49  (p.  191)  gives  the  size 
f  culvert  used  by  the  Iowa  State  Highway  Commission.  These 
ables  serve  to  illustrate  the  application  of  this  principle  of  design. 

Weather  Bureau  records  show  maximum  24-hr.  precipitations  of 

66"  at  Portland,  Ore.;  5.12"  at  Los  Angeles,  Cal.,  2.06"  at  El  Paso, 
ex.;  7.03"  at  Kansas  City,  Mo.;  9.40"  at  New  York  City;  and 

57"  at  Savannah,  Ga.  These  rates  are  rarely  used  for  run-off 
omputations  as  they  represent  extreme  cases  of  rare  occurrence, 
iood  practice  uses  a  24-hr.  rate  of  from  4  to  6".  Openings  based  on 
lese  rates  where  the  culvert  will  handle  the  water  without  quite 
inning  full  will  take  care  of  unusual  cases  by  the  forced  discharge 
ue  to  the  formation  of  a  shallow  pond  on  the  upstream  side  of  the 
3ad.  Discharge  velocity  due  to  backwater  head  is  shown  approxi- 
tately  by  Table  53  (p.  196). 
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Table  No.  45. — Rates  of  Rainfall.     Short  Storms 

Short  storms  of  the  greatest  intensity  occur  as  cloud-bursts 
.n  the  mountain  and  arid  regions  between  the  Sierras  and  the 
foothills  of  the  Rockies.  The  intensities  of  these  storms  are  not 
well  recorded  but  partial  records  indicate  as  high  a  fall  as  n 
inches  in  one  hour.  For  these  regions  culverts  for  small  drainage 
ireas  should  be  made  at  least  twice  as  large  as  for  eastern  or 
southern  conditions.     (See  last  column,  table  No.  46.) 

Maximum  intensity  of  Rainfall  for  different  periods  taken  from 
the  U.  S.  Weather  Bureau  Records.  Intensity  at  rate  of  inches 
per  hour. 


Location 


5  Minute 
Duration 


10  Minute 
Duration 


One  Hour 
Duration 


Atlanta,  Georgia. . . 

Boston,  Mass 

Chicago,  111 

Cleveland,  Ohio. . . 

Denver,  Colo 

Detroit,  Mich 

Duluth,  Minn 

Galveston,  Tex.  .  .  . 
Jacksonville,  Fla. . 
Milwaukee,  Wis. . . 
Memphis,  Tenn. . . 
New  Orleans,  La. . . 

Norfolk,  Va 

Omaha,  Neb 

Philadelphia,  Penn. 

Savanah,  Geo 

St.  Louis,  Mo 

Washington,  D.  C. 


5  •  5  in. 

5 

5 

n. 

i-5  i 

6.7  m. 

5 

0 

in. 

1.7  1 

6.6  in. 

5 

9 

in. 

1.6  i 

5.6  in. 

3 

7 

in. 

1 .1  1 

3.6m. 

3 

3 

in. 

I.2I 

7.2m. 

6 

0 

in. 

2.2  1 

3 . 6  in. 

2 

4 

in. 

I.4  1 

6.5m. 

5 

6 

in. 

2.6  i 

7.4  in. 

7 

1 

m. 

2.21 

7 . 8  in. 

4 

2 

in. 

i-3  1 

6 . 6  in. 

4 

8 

in. 

1.9  1 

8 . 2  in. 

4 

9 

m. 

2.21 

5.8  in. 

5 

5 

in. 

1.6  i 

6 . 0  in. 

4 

8 

m. 

1.6  i 

5-4  m. 

4 

0 

in. 

i-5  1 

6 . 6  in. 

6 

0 

in. 

2.21 

4.8  in. 

3 

8 

n. 

2.3  1 

7  •  5  in- 

5 

1  1 

n. 

1.8  i] 
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Table    46. — M.\ximum  Runoff.     Small  Watersheds  Burkli 
Ziegler,  Sewer  Formula 


Cubic  feet  per 

second  per  acre     =  C  X  -j 

reaching  culvert.  [ 


f  Av.    cu.  ft.   rainfall  1 
per  second  per  acre  >  X 
during  heaviest  fall.  J 


4/Av 


.  slope  of  ground  ii 
feet  per  iooo 


No.  of  acres  drained 


C  =  0.7s  for  paved  streets  and  built  up  business  blocks. 
C  =  0.625  for  ordinary  city  streets. 

C  =  0.30  for  villages  with  lawns  and  macadam  streets. 
Assumed  C  =  0.25  for  farming  country.     Note. — This  value  is  high  fron 
the  standpoint  of  sewer  design  but  culverts  are  short  ant 
might  better  be  liberal  in  size. 

One  inch  of  rainfall  per  hour  equals  1  cu.  ft.  per  second  per  acre. 
Discharge  in  Cubic  Feet  per  Second 


Rate 

of  Rainfall  4"  pei 

Hour 

*  *  Assumed 

Runoff  Stee] 

Area 

Stony  Moun- 

in 

Fall  5' 

in  1000 

Fall  20' 

in  1000 

Fall  50' 

in  1000 

tain  Slopes 

Acres 

C  =  0.30 

C  =  0.25 

C  =  o.30 

C  =  o.25 

C  =  o.30 

C  =  o.25 

Rainfall  8" 
per  Hour 

1 

1.8 

1.5 

2.5 

2 . 1 

3-i 

2  .7 

6 

2 

3-0 

2.5 

4-2 

3-5 

5-4 

4-5 

12 

3 

4-1 

34 

5.7 

4.8 

7-2 

6.0 

iS 

4 

50 

4.2 

7.2 

6.0 

90 

7-5 

23 

5 

6.0 

5.0 

8.5 

7-i 

10.7 

8.9 

23 

6 

6.8 

5-7 

9.7 

8.1 

12 . 2 

10.2 

33 

7 

7-7 

6.4 

10.9 

9-1 

13-7 

11. 4 

33 

8 

8-5 

7-1 

12  .0 

10. 0 

IS- 1 

12.6 

43 

9 

9-3 

7.8 

13.2 

11 .0 

16.5 

13-8 

46 

10 

10. I 

8.4 

14-3 

11. 9 

18.0 

15.O 

50 

20 

16.9 

14. 1 

24.0 

20.0 

30.2 

25.2 

90 

30 

23  .0 

19.  2 

32.5 

27. 1 

40.7 

33-9 

120 

40 

28.5 

238 

403 

33-6 

50-9 

42-4 

150 

50 

33-6 

28.0 

47-7 

39-8 

60  .0 

50.0 

180 

60 

38.6 

32.2 

54-6 

45- S 

68.7 

57-3 

200 

70 

43-3 

36.1 

61 .4 

51.2 

77-3 

64.4 

225 

80 

48.0 

40.0 

67.9 

56.6 

85.2 

71 .0 

250 

90 

52.4 

43-7 

73-9 

61.6 

93- 1 

77.6 

275 

100 

56.7 

47-3 

80.2 

66.8 

100.8 

84.0 

300 

200 

95-4 

79- 5 

134-6 

112. 2 

169.7 

141. 4 

550 

300 

1290 

107.7 

182.9 

152.4 

229.7 

191. 4 

730 

400 

160.0 

133-6 

227  .0 

189.  2 

285.6 

238.0 

880 

500 

190.0 

158.0 

268.0 

223.5 

336.6 

280.5 

980 

600 

216.0 

180.0 

307.0 

256.0 

387.0 

322.8 

1,050 

640 

230.0 

*I92.0 

323.0 

269.0 

406.3 

338.6 

1,100 

*  200  second  feet  by  Table  47. 
**  Based  on  Santa  Fe  Table  50. 
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Table  47. — Maximum  Runoff,  Dickens  Formula 

)  =  C^M3   Runoff  expressed  in  second  feet.      D  =  Discharge  in  cu.  ft. 

second.     M  =»  Drainage  area  in  sq.  miles.     C  =  Coefficient. 

The  following  tabulation  is  for  a  24  hour  precipitation  of  4" 

in  and  for  topography  similar  to  the  farming  sections  of  the 

istern  Atlantic  States.     For  6"  in  24  hours  correct  the  quanti- 

s  in  proportion  to  C  as  follows. 

4"  Rainfall                                      6"  RainfaU 

Flat  Country       C  =  200          Flat  Country        C  =  300 

Rolling  Country  C  =  250           Rolling  Country  C  =  325 

Hilly  Country      C  =  300           Hilly  Country       C  ==  350 

For  steep  stony  watersheds  and  a  6"  rainfall  use  the  Oklahoma 

Column  of  Table  50. 

Area  in  Square  Miles 

Flat  Country 
C  200 

Rolling  Country 
C  250 

Hilly  Country 
C  300 

0.1  =64  acres 

36 

45 

54 

0.2 

60 

75 

90 

°-3 

81 

101 

121 

0.4 

IOO 

125 

I50 

O-S 

119 

149 

l8o 

0.6 

136 

170 

204 

0.7 

153 

191 

229 

0.8 

169 

211 

253 

0.9 

185 

231 

277 

1.0 

200 

250 

300 

2.0 

334 

4i7 

50I 

3-o 

450 

57o 

684 

4.0 

504 

705 

846 

S.o 

668 

835 

I002 

6.0 

764 

955 

II46 

7.0 

860 

io75 

I29O 

8.0 

95° 

1188 

I426 

9.0 

1038 

1297 

1556 

10.0 

1122 

1402 

1682 

20.0 

1890 

2362 

2834 

30.0 

2560 

3200 

384O 

40.0 

3180 

3975 

4770 

50.0 

3760 

4700 

564O 

60.0 

43 10 

5400 

6480 

70.0 

4840 

6050 

7260 

80.0 

S360 

6700 

804O 

90.0 

5840 

7300 

8760 

100.0 

6320 

7900 

9480 

or  areas  under  0. 1  square  mile,  see  Table  46 

OTE. — For  graph  of  this 

table  see  p; 

ige  102 1. 
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Examples  of  Use  of  Tables. — Table  51  (p.  194)  gives  the  norrr 
discharge  of  small  culverts  laid  at  different  rates  of  grade, 
illustrate  the  use  of  Tables  45  to  51,  three  examples  will  be  give 
Suppose  water  from  2  sq.  miles  of  flat  farming  country  in  the  Nor 
Atlantic  states  is  to  pass  through  a  culvert  having  a  natural  slo 
of  0.5'  per  100'.  Table  47  is  figured  for  a  4"  rainfall  in  24-hr.,  whi 
is  reasonable  for  this  section.  This  table  shows  a  run-off  of  3 
sec.-ft.  for  flat  farm  land.  For  a  slope  of  0.5'  per  100',  Table 
shows  that  a  5  by  5'  culvert  will  carry  the  water. 

Suppose  steep,  rocky  ground  is  to  be  considered  of,  say,  200  ac: 
miles  in  Oklahoma  and  a  culvert  slope  of  2'  per  ioo\  T 
best  data  are  the  Santa  Fe  (Table  50),  which  give  an  opening  of 
sq.  ft.  at  io'  per  second  or  a  run-off  of  510  sec.-ft.  Table  51  sho 
that  a  5  by  4'  culvert  on  a  2%  grade  will  carry  this,  but  that  t 
velocity  is  high  and  the  culvert  must  have  a  solid  bottom  and  r 
rap  protection  at  both  ends.  Where  pipes  or  solid  bottom  culve 
are  used,  high  velocity  is  not  objectionable,  but  where  the  brie 
type  is  used  a  sufficiently  large  opening  to  keep  the  velocity  do 
to  10'  per  second  or  less  is  advisable. 

Suppose  a  ditch  relief  culvert  drains  2  acres  in  the  cloud-bu 
region  and  can  be  laid  on  a  slope  of  3'  per  100'.  Use  la^c  colui 
(Table  46),  which  gives  12  sec.-ft.,  which,  from  Table  51,  give: 
16"  pipe. 

Table  52  gives  the  approximate  velocity  of  flow  in  ditches  a 
streams  knowing  the  cross-section  area  and  slope  of  water  surfa 

Table  53  gives  the  approximate  increase  in  elevation  abovt 
bridge  in  a  stagnant-flow  area  to  force  water  through  the  bri( 
opening  at  different  velocities. 

See  also  typical  bridge  reports  (pp.  327  to  333)  for  determinat 
of  waterway  area  and  debris  clearance  allowance. 


Table  48. — New  York  Central  &  Hudson  River  R.R.  Culvei 
for  Small  Drainage  Areas 


Steep,  rocky 
ground,  acres 


Flat  cultivation, 
long  valley,  acres 


Size,  diameter 
in  inches 


Equivalent  capa 
ity,  pipes 


-■ 


5 

10 

20 

25 

30 

45 

70 

no 

150 

180 

280 


10 

20 

40 

So 

60 

90 

140 

220 

300 

360 

560 


10 
12 
16 
18 
20 

24 
30 
36 
42 
48 
60 


Two  16" 
Two  16" 
Two  18" 
Two  24" 
Two  30" 
Two  30" 
Two  36" 
Two  36" 


i 
t 

pipes 
pipes 
pipes 
pipes 
pipes 
pipes 
pipes 
pipes 


Note. — To  be  used  only  in  the  absence  of  more  reliable  information,  par 
ularly  on  existing  culverts  over  the  same  stream. 
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.ble  49. — Culvert  Design,  Iowa  State  Highway  Commission 


Size  of  culvert 

opening, 

feet 

2  by 

2 

4  by 

4 

6  by 

6 

8  by 

8 

10  by 

10 

Maximum  acres 


Minimum  acres 


70 

376 
1300 
2700 
5000 


28 
140 

520 

II20 
2000 


Iowa  State  Design  Specifications,  1925  (Waterway  Area) 

Determination  of  Size  of  Opening. — In  general,  the  determination  of 
size  of  the  waterway  opening  required  shall  be  made  by  the  engineer 
m  a  study  of  the  topographic  and  local  conditions,  available  previous 
ords  of  stream  run-off,  high-water,  and  other  available  data.  The 
uired  field  data  for  the  determination  of  waterway  opening  are  given  in 
ail  in  a  field  manual  entitled  "Instructions  for  Making  Bridge  and  Cul- 
t  Surveys."  The  general  methods  of  determination  of  waterway  open- 
s  shall  be  as  follows: 

Small  Structures. — For  small  structures  having  waterway  openings  not 
ater  tl^n  400  sq.  ft.  the  area  of  opening  required  may  be  determined  by 
Ibot's  formula,  A  =  C\V D3, 

ere  A  =  area  of  waterway  opening,  in  square  feet. 
C  =  coefficient: 

Mountainous  =  1.0 
Hilly  =  0.6  to  0.8 

Rolling  =  0.4  to  0.5 

Flat  =  0.2  to  0.3 

D  =  drainage  area,  in  acres. 

Medium-sized  Structures. — The  size  of  opening  required  for  medium- 
id  structures  having  areas  of  openings  from  400  to  1000  sq.  ft.  shall  be 
ermined  by  the  engineer  from  a  study  of  the  available  data  on  topo- 
phic  conditions,  stream  run-off,  high  water,  and  by  a  comparison  of  the 
ues  obtained  from  such  studies  with  those  obtained  from  other  data, 
h  as  Talbot's  formula,  Dunn's  table,  etc.  The  use  of  an  empirical 
mula  alone  in  determining  the  size  of  opening  required  for  structures  of 
3  size  is  not  recommended. 
.   Large  Structures. — The  waterway  opening  for  structures  having  required 

nings  greater  than  1000  sq.  ft.  shall  be  determined  by  the  engineer  from  a 
dy  of  topographic  conditions  in  the  vicinity  of  the  proposed  structure, 
t  records  of  high  water  and  run-off,  and  the  determination  of  probable 
:am  run-off,  using  available  data  on  the  stream  slope,  mean  velocity,  and 
ss-sectional  area  of  the  stream  below  high  water.  A  comparison  should 
made  of  the  values  thus  obtained  with  the  actual  area  of  openings  of 
;ting  structures  on  the  same  stream  or  on  other  streams  under  similar 
.ditions.  Empirical  formulas  having  as  factore  only  drainage  areas  and 
fficients  are  not  applicable  in  determining  the  size  of  openings  for  struc- 

s  of  this  size. 
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Table  52. — Approximate  Mean  Velocities  of  Flow 

(In  feet  per  second) 
Coefficient  of  friction  N  =  0.03  channel  in  fair  condition. 
R  =  hydraulic  radius  =  Water  flow  area  (square  feet)^ 

Wetted  perimeter  of  channel 
(Linear  feet). 

(Compiled  from  Church's  diagrams  of  K utter' s  formula) 


Hope  of 

Hydralic  radius  R 

hannel 
in  feet 

^r  iooo' 

0.2 

.0..4 

0.6 

1 

2 

3 

4 

6 

8 

10 

20 

0  .01 
0. 1 

0.22 
0.75 

0.32 
1 .0 

0  .42 

1  .3 

0.6 
1.7 

0.8 

0  .02 

1  -7 

0.18 

0.28 

0.42 

2.2     2  .j\ 

4.0 

0  .2 

0. 16 

0.28 

0.42 

0.61 

1.08 

i.45 

1.75 

2.4 

2.9 

3.4 

5-4 

0.3 

0. 19 

0.36 

0.51 

o.77 

1.3 

i.75 

2  .2 

2.9 

3-5 

4.1 

6.4 

0.4 

0  .22 

0.42 

0.59 

0.9 

1.5 

2.05 

2.45 

3-4_ 

4.0 

4-7 

7-3 

0.5 

0.26 

0.48 

0.66 

1 .0 

1.7 

2  .25 

2.8 

3  •  75 

4-5 

5-3 

8.2 

1 .0 

0.37 

0.68 

0.94 

1.4 

2.4 

3.2 

3-95 

5-2 

6.3 

7-3 

11  .5 

2.0 

0.52 

0.96 

1.35 

2  .0 

3-4 

4.6 

5-6 

7-3 

9-1 

10.4 

16.5 

3-0 

0  .64 

1  .2 

1.7 

2.5 

4.2 

5.6 

6.9 

9.0 

II  .0 

13-0 

19.5 

4-0 

0.74 

1.3 

1.85 

2.8 

4.8 

6.4 

79 

10.2 

12.8 

14-5 

22.5 

5.0 

0.83 

1.5 

2.15 

3-2 

5-4 

7.2 

8.9 

11. 6 

14.0 

16.5 

25.5 

6.0 

0  .91 

r.7 

2.3 

3-5 

5-9 

7-9 

9-8 

12.8 

15.8 

17.7 

27.5 

7.0 

0.98 

1.8 

2.5 

3.8 

6.4 

8.6 

10. S 

13.6 

17 .0  19.0 

29.5 

8.0 

1 .04 

i.9 

2.7 

4-1 

6.9 

9.2 

II  .2 

14-5 

IS .0|20 .5 

32.0 

9.0 

1 .  102  .05 

2.8 

4-3 

7-3 

9-7 

II. 9 

15.5 

19.022 .O 

34   0 

10. 0 

1 . 19  2.2 

3-0 

4-5 

7-7 

10.2 

12  .6 

16. s 

20.0J26.0 

36.0 

15.0 

1.4 

2.7 

3-7 

5-5 

9-5 

13.0 

15.5 

20.0 

25  .028.0 

20.0 

1.7 

3-i 

4-3 

6.4 

10.9 

14.5 

18.0 

23  .0 

28.o'33.o 

30.0 

2. 1 

3.8 

5-2 

7.9 

14-5 

18.0 

22  .0 

28.0 

35-0 

40.0 

2.4 

4-3 

6.1 

9-i 

15.5 

21.0 

25.0 

33-0 

50.0 

2.7 

4-8 

6.8 

10. 1 

17.5 

230 

28.0 

37.o 

100. 0 

3-8 

6.8 

95 

14.2 

24.0 

33-0 

40  .0 

Note. — For   coefficient   of  friction  of  0.035,  channels  in  poor  condition, 
85  %  of  the  velocities  given  in  the  above  table. 

Example  of  Use  of  Table  52. — To  find  velocity  of  flow  and  carrying 
pacity  of  improved  channel  having  a  20'  bottom  width,  ioni^ 
"e  slopes,  and  a  4'  depth  of  water.     Channel  on  grade  of  o.  1  % 
per  1000'). 


Flow  area 


Wetted  perimeter  = 
Hydraulic  radius  R 


X  4  =  104  sq.  ft. 


>o  +  7.2  +  7-2  =  34-4' 
104 

==  3-o. 

34-4 
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Channel  in  fair  condition  N  =  0.03 

From  table,  mean  velocity  of  flow  for  N  =  0.03,  R  =  3.0,  and 
fall  of  1.0'  per  1000'  equals  =  3.2'  per  second. 

Carrying  capacity  of  channel  =  104  sq.  ft.  X  3.2  =  332.8  cu.  ft. 
per  second. 

For  channel  in  poor  condition  use  velocity  for  N  =  0.035,  which 
is  85%  of  3.2  =  2.7,  104  X  2.7  =  281  cu.  ft.  per  second. 

Table  53. — Approximate  Backwater  Head  in  Feet,  to  Give 

Different  Velocities  of  Flow  through  Bridge 

Opening 

V2        V2  / 

H  =  —  =-—  or  F  =  V64.4  H 

2g  64.4 


- 

Approximate  backwater  head, 
feet 

Forced  velocity, 
feet  per  second 

O.  I 
O.  2 

2 
3 

5 
6 

0-3 

4 

4 

0.4 

5 

1 

0.5 
0.6 

5 
6 

7 
2 

0.7 
0.8 

6 
7 

7 
2 

0.9 
I  .O 

7 
8 

6 
1 

i-5 

9 

8 

2 .0 

11. 4 

Practical  Considerations  Governing  the  Size  of  Waterway. — For 
moderate-sized  drainage  areas  the  culvert  opening  is  proportioned 
to  the  run-off,  but  for  small  areas  the  size  is  determined  by  the 
convenience  of  cleaning  rather  than  by  the  discharge  capacity. 
Where  sufficient  fall  can  be  obtained  to  make  the  culvert  self- 
cleaning,  a  12"  pipe  is  feasible  under  shallow  fills,  but  where  the 
flow  is  sluggish,  nothing  less  than  a  16  to  18"  pipe  will  serve  satis- 
factorily. Long  culverts  under  deep  fills  should  never  be  smaller 
than  2'  wide  and  3'  high  to  permit  cleaning  by  hand. 

The  self-cleaning  velocity  of  flow  for  sand  and  earth  particles  is 
about  1'  per  second;  for  coarse  gravel;  about  3'  per  second  (Ogden's 
"Sewer  Design,"  p.  134).  A  pipe  laid  on  a  slope  that  gives  a 
velocity  of  5'  per  second  when  flowing  one-quarter  full  should  keep 
clean.  This  requires  a  fall  of  approximately  2'  per  100'  for  a  12" 
pipe  and  is  the  minimum  grade  at  which  the  12"  size  should  be 
used  as  a  short  culvert.  Long  storm  sewers  use  lighter  grades 
(see  Table  6i,  p.  338). 

It  is  probable  that  a  culvert  should  have  the  same  slope  as  the 
stream  bed.  If  given  a  greater  slope,  the  outlet  end  tends  to  clog, 
and  if  a  lesser,  the  inlet  end  will  plug.     It  is  unusual  for  culverts  to 
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fill  badly  except  when  placed  at  the  foot  of  a  steep  hillside  where  the 
stream  velocity  is  materially  reduced.  At  such  points  an  extra 
large  structure  should  be  designed  with  the  idea  of  providing  suffi- 
cient waterway  even  after  the  contraction  caused  by  this  settle- 
ment has  occurred.  Such  a  culvert  should  be  cleaned  after  each 
freshet.  The  use  of  short,  paved  dips  in  the  roadway  at  such  points 
in  place  of  culverts  is  not  advised,  as  they  are  dangerous  and  cause 
accidents  unless  very  gradual.  A  man  not  familiar  with  the  road 
often  loses  control  of  his  car. 


Flood  Level K 


.Road  Profile 


Portion  o  f  Road  *'"  .  *'•  Low.  Water  Culvert 

designed  as  spilling         Pro  f  i  l<2 

flood  Level 


**m^^ 


Concrete  Pavement 
and  Shoulders, 


Natural  Ground 


Sec+ion  A-A 
Pig.   50. — Overflow  and  low  water  culvert. 

If,  however,  too  much  trouble  is  experienced  in  carrying  large 
infrequent  floods  under  the  road,  a  small  culvert  can  be  used  for  the 
low-water  flow  which  does  not,  as  a  rule,  carry  much  silt,  and  the 
flood  flow  can  be  carried  over  the  roadbed  by  paving  the  entire 
surface  with  concrete  from  toe  of  slope  to  toe  of  slope  and  giving 
the  longitudinal  road  profile  a  slight  dip  safe  for  traffic  to  localize 
the  flooded  portion  of  the  road  (Fig.  50). 

More  trouble  is  experienced  from  culverts  becoming  filled  with 
ce  due  to  alternate  freezing  and  thawing  weather.     This  is  partic- 
arly  true  of  small  culverts  draining  springs.     Cul- 
erts  as  large  as   2   by   2'  have  frozen  solid  in  this 
anner,  and  if  this  difficulty  is  anticipated  the  size 
hould   be  regulated  accordingly  or  trouble  will  be 
^experienced  during  the  spring  break-up.     The  follow- 
ing ingenious  expedient  has  been  successfully  used  on 
oads  where  the  culverts  fill  with  ice  and  snow  during 
he  winter.     A  small  pipe  is  suspended  inside  of  the 
ormal  culvert.     In  the  fall  this  small  pipe  is  plugged, 
nd  in  the  spring  just  as  the  snow  begins  to  melt  the 
lugs  are  removed  and  the  first  water  flowing  through  the  small  pipe 
jmelts  the  ice  and  snow  rapidly  for  the  entire  length  of  the  culvert 
so  that  it  is  generally  completely  free  to  handle  the  main  spring 
run-off. 

Grade  and  Elevation  of  Culvert  Inverts. — As  previously  stated, 
it  is  desirable  to  prevent  silting  up  of  the  culvert  due  to  abrupt 


Fig.  51. — 
Small  pipe 
in  culvert. 
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changes  in  the  velocity  of  flow.     For  this  reason  culverts  are  nor- 
mally given  the  same  slope  as  the  stream  bed. 

The  elevation  of  the  invert  is  always  made  low  enough  to  drain 
all  surface  water  from  the  upstream  adjacent  lands  and,  if  the  eleva- 
tion of  the  outlet  permits,  it  is  desirable  to  make  the  culvert  low 
enough  to  act  as  an  outlet  for  farm  underdrains.  In  hilly  country, 
underdrainage  need  not  be  given  much  weight,  but  in  flat  country 
it  often  controls  the  elevation  of  the  culvert  invert. 


Hydraulic  Grade  A «, 
Flood  Elev.  A>.   - 

A. 


Flood  Elev.  & 

I       'Hydraulic  Grade  B 


5>a-  ///j^z/^y/jwy/A^A// 


Invert  •' 

Genera/  Elevation  Surrounding  Farmland 
Fig.   52. 

In  order  to  prevent  serious  ponding  and  damage  to  crops  in  flat 
country,  all  culverts  or  bridges  on  channels  of  any  importance 
should  be  placed  at  such  an  elevation  that  the  top  of  the  waterway 
opening  is  as  low  or  lower  than  the  surrounding  farm  land;  that  is, 
the  culvert  elevation  and  shape  of  opening  should  be  designed  for 
the  hydraulic  grade  of  maximum  flood  flow. 

Figure  52  illustrates  this  point.  The  waterway  areas  of  two  cul- 
verts A  and  B  are  the  same  in  size.     In  order  to  get  the  full  capacity 


Fig.  53. 

of  A,  however,  the  water  would  have  to  back  up  and  overflow  the 
surrounding  lands.  Culvert  B  carries  the  flood  flow  without  serious 
ponding. 

The  use  of  bridge  openings  similar  to  A  is  very  common  practice 
in  both  railroad  and  highway  design,  as  it  generally  cheapens  the 
culvert,  but  is  undesirable,  causing  needless  damage  to  the  abutting 
properties. 

Where  pipe  culverts  are  laid  on  steep  slopes,  special  buttresses, 
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well  imbedded  in  the  natural  hard  slope,  should  be  provided  to 
prevent  crawl  or  slip.  Well-built  headwalls  should  hold  up  to,  say, 
120  side  slope,  and  beyond  this  limit  extra  anchors  should  be  pro- 
vided (see  Fig.  53). 

Depth  of  Cushion  under  Pavement. — A  cushion  of  earth  between 
the  top  of  a  concrete  culvert  or  pipe  and  the  bottom  of  the  pavement 
is  desirable.  This  is  more  important  where  the  pavement  is  a  rigid 
type,  such  as  brick  or  concrete,  than  where  it  is  a  macadam 
construction. 

The  depth  of  this  cushion  sometimes  controls  the  culvert  invert 
elevation  where  the  topography  and  road  grade  make  a  low  invert 
needlessly  expensive  or  impracticable. 

Lor  rigid  pavements  the  minimum  desirable  depth  of  cushion  is 
approximately  6".     This  cushion  between  culvert  top  and  bot- 

Ecirth  Cushion 
Top  of  Culvert-  Pavement  between  Pavement 

anoi  Culvert 

/ 
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Fig.   54. — Cushion  over  culvert  slabs. 

torn  of  pavement  should  be  gravel  or  macadam  to  prevent  frost 
heave  due  to  saturated  earth.  If  less  than  this  is  used  the  chances 
are  that  the  pavement  will  crack  over  the  side  walls  of  the  culvert 
unless  the  pavement  base  is  specially  thickened  and  reinforced  with 
steel.  For  macadam  pavements,  a  6"  cushion  is  desirable,  but  no 
great  damage  occurs  if  the  bottom  course  is  laid  directly  on  the 
culvert  top.  Even  with  a  cushion,  settlement  often  develops  each 
side  of  culverts  having  less  than  2  to  3'  of  cover,  but  it  can  be  easily 
fixed  by  the  maintenance  gang. 

Dead  and  Live  Loads.  Dead  Loads. — Dead  loads  include  weight 
of  structure  plus  earth  and  pavement  fills  over  the  superstructure. 
They  are  readily  determined.  Weights  of  material  making  up  dead 
loads  are  given  in  Table  172  (p.  1038).  Dead-load  computations 
should  include  future  pavement  surfacing  to  repair  bridge  floors. 
If  the  type  of  flooring  used  can  be  removed  and  replaced  without 
additional  thickness  and  weight,  no  extra  allowance  is  required;  if 
a  solid  concrete  floor  is  used  which  in  the  future  will  be  recapped 
with  additional  depth  of  asphaltic  concrete  or  block  pavement, 
the  future  extra  weight  must  be  considered. 

Earth-fill  loads  on  superstructures  of  culverts  or  bridges  are 
usually  computed  for  total  depth  between  vertical  planes  at  the  ends 
of  the  structure  and  make  no  allowance  for  arch  action  of  earth 
fills.  Some  designers  reduce  this  load  for  arch  action  on  the  basis  of 
inclined  planes  at  an  angle  of  about  200  with  the  vertical  at  the  ends 
of  the  structure;  but  there  have  been  enough  cases  of  trouble  with 
culverts  under  deep  fills  to  warrant  conservative  assumptions  in 
regard  to  vertical  earth  pressures,  and  the  total  earth  weight 
between  vertical  planes  seems  justified  as  a  basis  of  design. 
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Live  Loads. — Live  loads  include  weight  of  traffic  plus  impact 
allowance  and  are  largely  a  matter  of  judgment.  There  is  quite  a 
range  in  the  values  used.  It  is  universally  conceded,  however,  that 
at  least  four  classes  of  loading  should  be  considered  to  meet  varia- 
tions, in  local  conditions  prevailing  in  the  United  States  and  that 
it  is  neither  wise  nor  economical  to  apply  heavy-traffic  loading  to 
light-traffic  bridges,  as  is  quite  frequently  done  by  broad  arbitrary 
standardized  rulings  of  state  highway  departments. 

Specifications  issued  by  the  U.  S.  Bureau  of  Public  Roads  pre- 
pared in  conjunction  with  the  Association  of  State  Highway  Officials 
are  given  below,  as  they  probably  represent  the  trend  of  present 
practice  as  closely  as  any  data  which  could  be  given.  Equivalent 
uniform  loads  for  different  spans  are  given  in  the  chapter  on  Office 
Design  (p.  1040). 

"Highway  Loads  for  Bridge  Floors.  (American  Association  of  Highway 
Officials). — The  integral  parts  of  bridge-floor  systems,  including  their  direct 
connections  to  trusses,  girders,  and  viaduct  towers  and  bents,  shall  be 
designed  for  the  maximum  stresses  produced  by  truck  concentrations.  Floor 
beams,  hangers,  and  all  integral  members  or  parts  of  trusses  and  girders 


-*>  Width  of  each  Rear 
I  Tire  equals  one  inch 
Q.4W \  \  per  ton  of  iota!  weight 
of  Loaded  Truck 


Fig. 


STANDARD  TRUCK 

55A. — Truck  dimensions. 


subjected  to  the  direct  action  of  floor  loads  and  impacts  shall  correspond- 
ingly be  designed  for  truck  concentrations.  The  truck  dimensions  and 
weight  distributions  used  for  design  purposes  shall  be  those  of  the  typical 
or  standard  trucks  shown  in  Fig.  55.  These  standard  trucks  are  designated 
by  the  letter  H,  followed  by  a  numeral  indicating  for  each  class  its  gross  or 
total  weight  in  tons. 

"The  class  of  loading  used  shall  be  one  of  the  following: 

Loading  H-20 20-ton  trucks 

Loading  H-15 15-ton  trucks 

Loading  H-I2>£ 12^-ton  trucks  or  an  alternate 

load  of  one  15-ton  truck 
Loading  H-10 10-ton  trucks 

"Highway  Loads  for  Truss  and  Girders. — The  trusses  and  girders  of 
bridge  spans  and  the  columns  of  viaduct  towers  and  bents  shall  be  designed 
for  the  stresses  produced  by  a  load  on  each  traffic  lane  composed  of  a  uni- 
form load  per  linear  foot  of  lane  with  a  concentrated  load  so  located  longi- 
tudinally therein,  as  to  produce  maximum  stresses.  The  concentrated 
load  shall  be  considered  as  uniformly  distributed  transversely  on  a  line  hav- 
ing a  length  equal  to  the  width  of  the  lane.  The  standard  truck  clearance 
width  of  9'  shall  be  assumed  as  constituting  the  width  of  one  traffic  lane. 
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"The  class  of  loading  used  shall  be  one  of  the  following: 

"Loading  H-20. — A  total  load  on  each  traffic  lane  composed  of  a  uniform 
load  of  600  lb.  per  linear  foot  and  a  single  concentrated  load  of  28,000  lb. 

"Loading  H-15. — A  total  load  on  each  traffic  lane  composed  of  a  uniform 
load  of  450  lb.  per  linear  foot  and  a  single  concentrated  load  of  21,000  lb. 

"Loading  H-12%. — A  total  load  on  each  traffio  lane  composed  of  a  uni- 
form load  of  375  lb.  per  linear  foot  and  a  single  concentrated  load  of  17,500  lb. 

"Loading  H-10. — A  total  load  on  each  traffic  lane  composed  of  a  uniform 
load  of  300  lb.  per  linear  foot  and  a  single  concentrated  load  of  14,000  lb. 

"Note. — Loading  H-15  is  75%,  loading  H-12^  is  62}^%,  and  loading 
H-10  is  50%,  of  loading  H-20. 
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Fig.  55B. — Spacing  of  trucks. 

"Loading  H-20  is  approximately  equivalent  to  the  typical  truck  loading 
shown  in  Fig.  55-B.  This  loading  consists  of  one  20-ton  truck  followed  by, 
or  preceded  by,  or  both  followed  and  preceded  by,  a  line  of  15-ton  trucks  of 
indefinite  length  and  assumed  to  occupy  a  clearance  or  lane  width  of  a'. 

"Electric  Railway  Loads. — When  highway  bridges  support  electric  rail- 
way traffic  in  addition  to  highway  traffic,  the  railway  loading  shall  be  selected 
with  due  regard  to  the  class  of  traffic  which  may  be  expected  to  operate  over 
the  railway  lines.  Special  consideration  shall  be  given  to  the  possibility 
that  the  freight  rolling  stock  of  steam  railroads  may  be  operated. 
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.ELECTRIC  RAILWAY  LOADING 

Fig.  55c. — Car  loadings  (electric) . 

"When  not  otherwise  specified,  the  electric  railway  loading  on  each  track 
shall  be  a  train  of  two  electric  cars  followed  by,  or  preceded  by,  or  both 
followed  and  preceded  by,  a  uniform  load.  The  cars  shall  be  of  one  of  the 
classes  shown  in  Fig.  55C,  the  designation  indicating  the  total  loaded  weight 
of  each  car,  with  corresponding  axle  spacings  as  indicated.  The  uniform 
load  per  foot  of  track  shall  be  the  weight  of  the  loaded  car  assumed  in  th^ 
design  divided  by  twice  the  overall  car  length.  The  portion  of  the  roadway 
width  assumed  to  be  occupied  by  the  railway  loading  shall  have  a  width  of 
10'. 
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"For  freight  car  loading,   the  typical  cars  shown  in  Fig.   55D  may  be 
assumed  in  the  absence  of  more  exact  data. 

^The  railway  loading  used  shall  be  shown  on  the  stress  sheets. 
"Highway  bridges  supporting  electric  railway  traffic  shall  be  designed  for 
the  following  loading  conditions: 

"1.  The  highway  loads  upon  any  portion  of  the  roadway  area,  including 
that  portion  occupied  by  the  railway. 

"2.  The  electric  railway  loads  on  the  car  tracks  and  the  highway  loads  on 
the  remaining  traffic  lanes. 

"Load  Classification  of  Bridges. — Bridges  shall  be  classified  or  rated  in 
relation  to  their  capacities  for  safely  supporting  highway  loads  or  a  com- 
bination of  highway  and  electric   railway 

j.$! >u. .  .  -j&gl ->i     loads.      In  general,  the  division  into  classes 

"J      and  the  corresponding  loadings  shall  be  as 

~i n —  ~ r-  follows: 

"Class   AA. — Bridges   supporting   spe- 
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— *><*■* wy  UAJ yy  -.   cially  heavy  traffic  units  in  locations  where 

>•  1    oci      r's'z'    nr'     £  '      *ne  Passage  of  such  loads  is  frequent.    Class 
&k----$$-$\<----  -->fi        A  A  bridges  shall  be  designed  for  loading 

TYPICAL  FREIGHT  CARS   .  "Class  A. — Bridges  supporting  normally 

To+otl  Loaded  Weiqh+per  Car        heavy  highway  ttraffic  units  with  occasion- 
inciudina  10  Perlent  Overload         ally  heavy  loads.      Class  A   bridges  shall 
*'  ^         be  designed  for  loading  H-15. 

40-Ton Capacity  - 128,00  0&  "Class     B. — Bridges    supporting    nor- 

50    "         "        - 152,000  mally   light    highway    traffic    units    with 

60    »         >>        - 116,000  &        occasional  heavier  loads.     Class  B  bridges 
70    »         •>  -    -200  000^         shall  be  designed  for  loading  H- 1 2^. 
SO    »        »        -224  000^  "Class   C. — Bridges  of  a  temporary  or 

■p,  „        m      •     i   j?     •  i         semitemporary    nature    supporting    light 

hlG.    55ZA — lypical  freight     highway    traffic   untis.     Class   C   bridges 
cars.  shall  be  designed  for  loading  H-10. 

"Class  D. — Bridges  supporting  electric 
railway  traffic  in  addition  to  highway  traffic.  The  highway  loads  may  cor- 
respond to  any  one  of  the  four  classes  above  specified.  The  electric  railway 
loads  shall  be  as  specified." 

These  loadings  are  safe  for  military  purposes,  as  the  following 
statement  of  Major  General  W.  M.  Black,  Chief  of  Engineers,  19 17, 
will  show. 

"Our  existing  ordnance  liable  to  accompany  a  field  army  will  have  its 
heaviest  representative  in  a  12"  howitzer  weighing  about  27,000  lb.,  18,600 
lb.  of  which  are  on  the  front  wheels.  The  base  or  distance  between  the 
front  and  rear,  axles  is  18';  width  of  track,  7'  4";  width  of  tire,  8";  width  of 
tire  shoes,  12".  The  howitzer  is  drawn  by  a  75-hp.  caterpillar  tractor 
weighing  25,000  lb.  Comparison  with  the  largest  present-day  commercial 
trucks  shows  that  a  road  or  bridge  substantial  enough  for  such  will  suffice  for 
the  ordnance  load." 

Impact. — The  extra  design  load  allowance  for  impact  of  moving 
loads  is  subject  to  considerable  difference  in  practice,  ranging  from 
o  to  60%  of  the  static  weight  of  the  vehicles.  Specifications  of 
common  practice  are  given  on  pages  1040  and  1549. 

As  a  general  rule,  the  following  values  represent  conservative 
practice  in  impact  allowance. 

Floor  systems  of  bridges  having  timber  plank  floor  surface,  30  to 

50%. 

Floor  systems  of  bridges  and  trestles  having  concrete  floor  slabs 
supported  by  stringers  or  floor  beams,  20  to  30%. 

Impact  allowance  for  girders  and  trusses  (see  p.  1040). 

Impact  allowance  for  floor  beam  connections  (see  p.  1040). 

For  culverts  and  filled  spandrel  arch  bridges,  where  the  earth 
cushion  between  the  top  of  the  bridge  slab  or  the  arch  and  bottom 
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of  the  road  pavement  exceeds  1',  the  impact  allowance  disappears 
(0%  impact). 

Distribution  of  Loads. — Rules  for  current  practice  in  load  distri- 
bution on  concrete  slabs,  stringers,  and  floor  beams  are  given  on 
pages  1042  to  1043. 

Permissible  Stresses  in  Materials. — This  phase  of  design  is  quite 
well  established  and  the  common  values  are  given  in  the  chapter 
on  Office  Design  (p.  1033). 

The  following  table  gives  safe  loads  directly  for  simple  structural 
elements: 

Steel  I-beams (pp.  1062  to  1067). 

Timber  beams (pp.  1076  to  1077). 

Concrete  beams (pp.  1072  to  1074). 

Concrete  slabs (pp.  1072  to  1073). 

Timber  columns (p.  1078). 

Effect  of  depth  of  fill  on  culvert  slabs (pp.  224 and  1075;. 

Roadway  Widths  and  Clearances. — It  is  desirable  to  use  the 
normal  roadway  width  at  culverts  and  bridges  so  that  there  is  no 
extra  hazard  at  these  points.  This  general  principle  can  usually 
be  applied  without  excessive  expenditure  for  culverts  and  for  short- 
span  bridges  up  to  about  25'  span.  Beyond  40'  span  it  is  customary 
to  reduce  bridge  roadway  width  to  the  minimum  width,  which  can 
be  safely  used  by  traffic  without  reduction  in  speed  or  danger  of 
side  swipe  as  long-span  bridges  are  a  costly  element  of  construction; 
between  20'  and  40'  spans,  roadway  widths  between  minimum  and 
normal  are  used  to  meet  conditions.  Separate  sidewalks,  at  least 
5'  wide,  are  provided  for  pedestrians  in  well-settled  districts,  and  are 
well  segregated  from  road  traffic  by  a  raised  curb  and  rail  or  by  plac- 
ing them  outside  of  trusses  or  girders.  Minimum  vertical  portal 
clearance  is  usually  set  at  13'  6"  to  14'  for  trucks  and  16.0'  for  elec- 
tric cars. 

Single-track  or  one-way  bridges  are  rarely  justified  except  for 
pioneer  roads  or  local  farm  roads  carrying  a  very  small  amount  of 
traffic.  Double-track  (two-lane)  bridges  are  required  on  the  score 
of  safe  passing  for  practically  all  roads  carrying  from  100  to  5000 
vehicles  daily  (10  hour  count  in  summer).  Above  5000  vehicles 
daily  a  three-lane  bridge  will  serve  satisfactorily  up  to  7000  to  9000 
daily  (10  hour  count  in  summer)  and  beyond  this  limit  a  four-lane 
bridge  is  required.  City  street  bridges  should  use  the  normal  street 
width,  hi  designing  bridge  roadway  widths  an  allowance  of  60  years 
growth  in  traffic  volume  is  reasonable  for  types  of  bridges  which  cannot 
be  easily  widened.  For  easily  widened  types  a  20  to  30  year  period  is 
ample.     (See  page  3  2  for  methods  of  estimating  future  traffic  volume.) 

For  two-lane  traffic  the  A.S.C.E.  recommends  20'  minimum  road- 
way. The  Hoover  Committee  on  National  Safety  recommends 
22'  minimum  where  motor  busses  use  the  road.  For  additional 
traffic  lanes,  0/  is  added  for  each  additional  lane. 

Table  54  gives  minimum  bridge  widths  recommended  by  various 
authorities  for  long-span  bridges  (over  40'  span)  on  state  road 
svstems. 
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Table  54. — Minimum  Roadway  Widths 
(Bridge  spans  over  40') 


One-lane, 
feet 


Two-lane, 
feet 


Extra  for 
additional 

traffic 
lanes,  feet 


U.S.  Bureau  of  Roads. 
A.S.C.E 


Hoover  Committee  of  Safety. 

State  of  Iowa" 

State  of  New  York 

State  of  Illinois 


12 
12 


16 


18 

20 

22 

18-20 

22 
22 


9 
9 
9 
9 
10 
9 


24'. 


<*  For  structure  less  than  40'  span  minimum,  two-lane  traffic  roadway  width 


The  following  clearance  diagram  (Fig.   56)  is  from  the  U.  S. 
Bureau  of  Public  Roads  Specifications. 
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Figs.   56A-Z). — Bridge  clearance  diagrams.      U.  S.  Bureau  Public 

Roads  Standards  (1926). 
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The  following  quotation  from  Illinois  1925  practice  shows  its 
sliding  scale  of  bridge  widths  for  different  classes  of  roads. 

Roadways  ox  Bridges,  Illinois  Practice,  1925 

All  grade  separations Minimum  24' 

Bridges  and  culverts: 

I.  On  state  highways 

1.  30'  or  less  between  abutments  on  center 

line Minimum  30 

2.  More    than    30'    between   abutments   on 

center  line Minimum  22 

II.  On  state-aid  roads 

1.  12'  or  less  between  abutments  on  center 

line Minimum  30 

2.  More   than    12'  between  abutments  on 

center  line Minimum  20 

III.  On  principally  traveled  roads 

1.  12'  or  less  between  abutments  on  center 

line : Minimum  24 

2.  More   than    12'   between  abutments  on 

center  line Minimum  18 

IV.  On  secondary  roads 

1.  12'  or  less  between  abutments  on  center 

line Minimum  20 

2.  More   than    12'   between   abutments   on 

center   line    Minimum  16 

Note. — For  spans  of  more  than  12'  between  abutments,  hand 
rails  not  less  than  3'  above  the  crown  of  of  roadway  shall  be  used. 

Type  of  Structure. — Reasonable  type  selection  depends  on  ease 
of  construction,  appearance,  future  widening,  depth  of  floor  system, 
foundations,  proper  use  of  piers,  an  economical  combination  of 
abutments  and  different  types  of  superstructures  and  the  utiliza- 
tion of  old  structures. 

Ease  of  Construction. — Ease  and  simplicity  of  construction  are 
desirable,  particularly  for  local  road  structures  under  control  of 
the  ordinary  town  superintendent  of  highways,  where  expert  engi- 
neering supervision  and  competent  inspection  are  not  available. 
For  these  conditions  cast-iron  pipe  for  culverts,  rolled-steel,  I-beam 
bridge  superstructures  with  simple  concrete  slab  flooring  and  mass 
concrete  abutments  and  wings  are  preferable  types,  as  they  can  be 
abused  in  construction  without  much  loss  of  strength.  This  limita- 
tion does  not  apply  to  work  designed  and  supervised  by  expert 
engineering  forces. 

Appearance. — Appearance  of  structure  does  not  often  control 
design  on  rural  highways,  but  under  some  conditions,  such  as  parks, 
cemeteries,  village  locations,  it  must  be  considered.  Concrete 
arches  or  other  types  of  concrete  slab  bridges  with  ornamental 
balustrades  look  much  better  than  steel-girder  or  open-truss 
bridges. 

Future  Widening. — Future  widening  has  considerable  influence  on 
the  type  of  bridge  superstructure  and  layout  of  abutments  and 
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wings.  As  traffic  volume  often  grows  rapidly  beyond  expectec 
limits,  and  as  local  funds  are  often  too  small  to  make  it  possible  tc 
build  the  bridge  wide  enough  for  all  future  requirements,  it  is  ofter 
wise  to  use  a  type  of  bridge  that  can  be  widened  in  the  future 
without  entirely  rebuilding.  Slabs,  stringers,  arches,  and  deel 
girders  can  be  easily  widened.  All  types  of  through  girders  anc 
trusses  cannot  be  widened  without  complete  rebuilding.  Abut 
meats  and  wings  with  their  faces  in  a  straight  line  with  step-down  • 
vertical  plane  offsets  can  be  easily  extended  without  loss  of  previou: 
work. 

Depth  of  Floor  System. — In  many  cases  it  is  undesirable  anc 
costly  to  raise  the  approach  grades  needlessly  and  for  such  condi 
tions  a  type  of  bridge  with  the  least  depth  of  floor  system  is  desirable 
that  is,  type  design  considers  floor  depth  as  it  affects  cost  anc 
suitability  of  approaches  as  well  as  the  bridge  structure  itself.  I 
is  a  common  fault  for  the  bridge  designer  to  think  only  of  the  eco 
nomic  design  of  the  structure  and  to  neglect  the  cost  of  approache 
This  is  particularly  true  of  railroad-grade-crossing-eliminatioi 
structures.  Where  it  is  desirable  to  keep  the  floor  depth _  to  ; 
minimum  the  most  economical  designs  are  usually  through  girder 
with  floor  slab  supported  directly  on  the  floor  beams  spaced  suffi 
ciently  close  so  that  the  concentrated  slab  load  is  carried  by  a 
least  three  floor  beams.  The  following  table  gives  the  approximat 
depth  of  floor  systems  for  different  types  of  bridges  of  differen 
roadway  widths  (H-20  loading)  and  different  spans. 


Approximate  Depth  of  Floor  Systems  (Inches) 
(Road  grade  to  bottom  of  superstructure) 


- 


: 


• 


Type  of  superstructure, 
H-20  loading 


Span  and  roadway  widths 

Spans 

10'                25'                45' 

li                    fi 

100' 

Roadways 

;o'     30'  II  20'     30'     20'     30'  jj  20'     30' 


Concrete  slabs 

Steel   I-beam  stringers 

Concrete  T-beam  stringers 

Reinforced-concrete  arches 

Through  plate  girder,  floor  slab, 

beams  and  stringer 

Through     plate     girders,     floor 

slab  and  floor  beams" 

Through  plate  girder,  floor  slab 

on    extra   short    spaced    floor 

beams6 


16" 
26" 


1 6' 

26' 


IS" 


28' 
38' 
3i' 

2l' 


28" 
38" 
31" 
21" 


42" 
62" 
23" 

40" 

34" 

28" 


42 
62" 

23" 

50" 

44' 
38' 


32" 
4Q" 
34" 

28" 


32 

50" 

44" 

38" 


0  This  is  generally  the  most  economical  type  of  floor  system  for  girdei 
bridges  for  usual  approach  conditions  (see  Fig.  77,  p.  290). 

&  This  type  of  floor  system  is  generally  economical  for  long,  high  approaches 
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Foundations.  Soils. — Rock  or  hardpan  foundations  generally 
idicate  rigid  frame  slab  types  or  arches  as  an  economical  solution, 
rovided  there  is  an  adequate  height  for  a  reasonable  rise  ratio, 
rches  of  over  io'  span  require  piles  for  any  foundation  except  rock 
r  hardpan  and  are  not  usually  economical  nor  conservative  design 
here  piles  are  required,  as  slight  settlement  is  often  disastrous  to 
le  arch  type  and  adequate  pile  foundations  are  very  costly, 
rches  of  less  than  io'  span  are  often  designed  with  bottom  ties 
ewer  section)  and  used  on  ordinary  soil  foundations,  but  such 

sign  (false  arches)  seems  to  be  an  effort  to  use  this  type  for 
mditions  for  which  it  is  not  primarily  suited. 

Ordinary  foundation  soils  (clay,  sands,  gravels,  etc.)  generally 
ake  it  desirable  to  select  a  type'  of  superstructure  which  transmits 
s  load  vertically  to  the  abutments  and  which  will  not  be  materially 
imaged  by  slight  settlement.     These  types  are  the  slab,  stringer, 

girder  bridges  with  free  end  supports,  and  even  for  these  types 

is  desirable  to  use  piles  for  spans  of  over  40'  for  any  soil  except 
-avel  hardpan  or  rock  or  for  shorter  spans  where  much  scour  is 
iely  to  occur. 

Safe  foundation  loads  on  soils  according  to  different  authorities 
e  given  in  Table  55.  For  important  structures  the  actual  bearing 
ilue  of  the  soil  should  be  determined  as  given  in  the  chapter  on 
ispection  (p.  1337). 

Piles. — The  kind  of  pile  and  its  safe  loading  depend  on  physical 
•ound-water  conditions  and  the  type  of  structure  to  be  supported. 

In  general,  it  is  inadvisable  to  use  untreated  timber  piles  unless 
ley  are  below  the  permanent  ground- water  level.     Treated  timber 

necessary  to  resist  sea  water,  borers,  and  for  trestles  or  where 
le  pile  is  alternately  wet  and  dry.  Concrete  piles  are  desirable 
here  piles  are  not  located  below  permanent  ground-water  level. 

Piles  supporting  arches  or  continuous  concrete  beams  or  girders 
hich  are  injured  by  even  small  settlement  must  be  driven  to  practi- 
tl  refusal  and  given  a  lighter  individual  load  than  where  they 
ipport  structures  with  free  ends  which  are  not  injured  by  small 
ttlement. 
Table  56  gives  current-practice  safe  design  loads  for  different  kinds 

piles  for  different  kinds  of  structures.  The  actual  safe  load  on 
les  is  determined  by  test  loads  or  by  empirical  formulas  as  des- 
ibed  in  detail  in  the  chapter  on  Inspection  (p.  1338). 

Minimum  penetrations,  spacing  and  detail  dimensions,  and  con- 
ruction  manipulation  are  given  in  Specifications  (p.  1338). 

Abutments  and  Piers. — The  use  of  piers  is  generally  confined  to 
w-height  stream  crossings  where  the  stream  flow  is  sluggish  and 
jams  are  infrequent.  The  minimum  spacings  of  piers  recom- 
ended  by  the  1925  Iowa  Specifications  are  as  follows: 
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Table  55. — Safe  Load  on  Foundation  Soils  in  Tons  (2000  lb.) 
per  Square  Foot  of  Bearing  Area 


Authority 


S 

cd£ 

*t3'55 

o  3 


O 


<u 

Tf 

> 

r; 

cd 

09 

bfl 

13 

fj«0 

c 
0 
U 

c 

cd 

u 


CJ 

3  t» 

cd 

«    Cd 

s^ 

a 

6 

>> 

£  c3 

cd 

cd 

•d 

Cd 

CJ 

-t-> 

O 
CO 

u 

a 

> 

cd 

3° 


CO 


Baker's    "Foun- 
dations"  

Hool  and  John- 
ston  

Ketchum 

State  of  Iowa. . .  . 

State    of    Wash- 
ington  

New  York  Build- 
ing Code 

Division  4,   New 

York  State 

Highway 


2-4 
3 


o-M  a 


M 


4 
4 
3 

3-3  M 

4 


4-5 
3 


4-7 

4 


4-5 


2 
1.5 

I>2"2 
2 


I 

4 

1-2 

4-8 
3-4 
3 

0-2 

3-5 

I 

4 

I 

3-4 

8 

8-10 

5 

5-8 

6-7 


5 

5-10 
8 
7 

8-15 


25 

15-30 
20 
25 

25 


a  Confined. 


Table  56. — Design  Load  on  Piles  (Tons  per  Pile) 


Type  of  structure 

Type  of 
pile 

Ordinary 
load 

Extreme 

maximum 

load 

Slab,  girder  or  trusses 

Timber 

Concrete 

Timber 

Concrete 

Timber 

Concrete 

12-15 

25 

15 

25 
10-12 

20 

20 
30 
20 
30 
15 
25 

Slab,  girder  or  trusses 

Trestles  and  viaducts 

Trestles  and  viaducts 

Arches  or  continuous  girders" 

Arches  or  continuous  girders" 

a  Piles  for  these  structures  to  be  driven  to  practical  refusal  (see  p.  1339. 
Part  2),  25-  to  30-ton  resistance. 

Note. — For  minimum  dimensions  of  piles  see  Specifications  (p.  1 501). 
Pile  spacing  generally  3  to  3K'  C.  to  C.  Maximum  4'  without  special 
reinforcing  design.  Spacing  closer  than  2*4'  worthless.  Increase  size  of 
footer  to  get  minimum  spacing  of  2*,$'. 


IOWA  SPECIFICATIONS,  1925 

"2.  Channel  Opening. — In  general,  the  channel  opening  provided  shall 
be  equal  to  or  greater  than  that  required  to  discharge  the  maximum  flow 
safely  without  damage  to  the  structure  from  scour. 

"a.  For  Streams  Having  Deep  Channels. — In  general,  the  channel  opening 
for  structures  over  streams  having  deep  channels  and  well-defined  banks 
not  subject  to  overflow  shall  be  of  such  length  that  it  will  entirely  span  the 
main  channel.  In  streams  in  which  the  banks  are  subject  to  possible  future 
widening,  provision  shall  be  made  for  such  conditions  by  an  increase  in 
span  length. 

"b.  For  Streams  Having  Low  Banks  and  Subject  to  Overflow. — On  streams 
having  low  banks  which  are  subject  to  overflow  and  where  the  approach 
to  the  structure  is  above  high  water,  the  waterway  opening  provided  shall 
be  sufficient  to  discharge  the  flood  area  at  safe  velocities  against  scour  and 
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the  main  channel  openings  shall  be  of  sufficient  length  to  discharge  debris 
and  ice  efficiently. 

'4.  Pier  Spacing. — On  streams  having  a  difference  in  height  between 
high  and  low  water  exceeding  6',  the  main  channel  piers  of  multiple-span 
bridges  shall  not  be  spaced  closer  to  each  other  than  four  times  the  differ- 
ence of  height  between  high  and  low  water.  The  above  shall  not  apply  to 
a  stage  which  is  caused  by  backwater." 

Where  piers  are  permissible,  they  generally  result  in  the  use  of 
a  series  of  slab  or  stringer  superstructures  in  place  of  single-span 
girders  or  trusses.  They  also  permit  multiple  arches  which  are 
pleasing  in  appearance. 

For  spans  of  less  than  45  feet  piers  must  be  used  with  caution 
3ut  where  it  is  certain  they  will  not  cause  clogging  they  often  result 
in  a  material  reduction  in  cost  due  to  less  floor  depth  and  cheaper 
superstructures.  They  are  particularly  desirable  for  low  height 
openings  in  rock  or  hardpan  foundations.  This  same  general  state- 
ment applies  to  the  use  of  double  box  culverts  with  central  pier 
wall  where  a  concrete  floor  is  desirable  to  prevent  scour  on  high 
velocity  small  streams. 

Mass  concrete  is  common  practice  for  short-span  (less  than  50') 
bridge  abutments  and  piers,  and  is  preferable  for  even  high  long- 
span  structures,  although  reinforced-concrete  buttress  abutments 
are  often  used  for  high  abutments.  Abutment  footings  are  usually 
carried  down  at  least  4'  below  the  stream  bed  in  ordinary  soils,  and 
pier  footing  at  least  6'.  Where  hard  rock  is  encountered,  the  foot- 
ing is  usually  6"  to  r'  below  the  surface  of  the  rock  in  order  to  key  in 
properly,  and  where  soft  rock  or  hardpan  is  encountered  the  bottom 
of  the  footing  is  usually  at  least  2'  below  the  surface  of  the  hard 
strata.  Figures  69  to  78  show  common  practice  for  mass  abut- 
ments and  piers  for  bridges  up  to  ioo'  spans. 

Superstructures. — Table  57  shows  the  general  limits  of  span  for 
which  different  types  of  bridge  may  be  considered  in  making 

Table  57. — Limitations  of  use  of  Different  Types  of  Cul- 
verts and   Bridges 


Type 


Range  in  span 


Pipes 

Box  culverts 

Reinforced-concrete  slabs 

Steel  I-beam  stringers . 

Reinforced-concrete  stringers  (T-beams)° 

Reinforced-concrete  through  girders 

Reinforced-concrete  arches   (hardpan  or  rock  foun- 
dations)   

Steel-plate  girders  (deck  or  through)6 

Steel  pony  trusses 

Steel-riveted  through  truss 

Steel  pm  connected  through  truss 

Timber  structures: 

Trestle  spans 

Truss  spans 


12-42" 

2-10' 

5-25' 
io-S5' 
20-40' 
20-50' 

All  spans  above  6' 

40-100' 

40-100' 
Above  90' 
Above  150' 

10-25' 
Above  25' 


°  T-beam  reinforced-concrete  stringers  not  economical  where  forming  is 
lifhcult  due  to  soft  foundations  or  high  abutments. 

*  Deck  girders  rarely  advisable  due  to  clearance  limitations.  Where 
;hey  are  permissible,  they  are  generally  cheaper  than  the  through  type. 
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alternate  estimates  of  cost.  These  alternate  estimates  of  costs  must 
include  initial  cost  plus  maintenance  and  renewal  costs,  con- 
sidering a  reasonable  length  of  life  for  the  different  types.  Main- 
tenance painting  for  exposed  steel  for  1925  cost  conditions  amounts 
to  about  50  to  70  cts.  per  ton  per  year  average,  which,  capitalized 
at  5%,  is  equivalent  to  approximately  $10  to  $15  per  ton  which 
must  be  added  to  the  initial  cost  of  construction  to  determine  final 
comparative  costs.  For  steel  weights  see  bridge  steel  diagrams, 
Chap.  IX  (p.  652).  Renewal  costs  are  very  indefinite,  as  the 
comparative  life  of  steel  and  concrete  structures  cannot  be  closely 
approximated.  If  steel  structures  are  well  maintained,  their  lives 
should  compare  favorably  with  concrete  or  steel  encased  in  con- 
crete. As  a  matter  of  fact,  the  maintenance  is  often  neglected, 
which  materially  shortens  the  life  of  steel  bridges. 

Utilization  of  Old  Structures. — The  proper  utilization  of  old 
structures,  either  in  whole  or  in  part,  has  a  decided  effect  on 
materially  reducing  the  cost  of  bridge  replacements.  There  is 
too  much  tendency  towards  complete  abandonment  and  entire 
new  construction.  To  illustrate  the  value  of  careful  utilization  of 
well-built  parts  of  old  structures  we  quote  the  following  paragraph 
from  the  report  of  the  Bridge  Engineer  of  N.  Y.  State  Highway 
Dept.  Div.  4  for  1926.- 

"  Thirty-five  small  span  bridges  (less  than  45'  span)  have  been  designed  in 
1926.  In  thirteen  cases  it  was  possible  to  utilize  some  part  of  the  old  struc- 
ture and  such  action  has  reduced  construction  cost  of  these  bridges  approxi- 
mately $30,000." 

Examples  of  common  methods  of  utilizing  old  structures  are 
given  in  Chap.  XIV,  pages  1013  to  1020. 

Consideration  of  utilizing  the  old  existing  structure  completes 
the  factors  which  determine  the  selection  of  economic  and  suitable 
type  of  bridge  to  be  used.  The  typical  design  report  on  page  327 
illustrates  the  application  of  the  principles  discussed  for  bridge 
type  selection.  The  quick  cost  estimating  diagrams,  pages  310 
to  326,  are  helpful  in  making  comparative  cost  estimates  of  bridges. 
Desirable  culvert  types  and  relative  costs  are  given  on  page  213. 

Surface  of  Bridge  Floors. — On  rural  highways,  bridge  floors  are 
usually  constructed  of  reinforced  concrete,  the  upper  3"  of  which  is 
considered  as  the  pavement  surface  and  is  not  considered  as  adding 
anything  to  the  strength  of  the  slab.  This  upper  3"  is,  however, 
generally  molded  monolithic  with  the  slab  proper  and  is  reinforced 
with  standard  paving  mesh.  A  recent  modification  of  this  standard 
procedure  constructs  the  standard  bridge  floor  slab  first,  waterproofs 
the  top,  and  then  constructs  a  thin  pancake  concrete  surface  (see 
Fig.  76).  The  older  practice  of  monolithic  molding  is  much  supe- 
rior, and  when  a  new  surface  is  needed  some  form  of  asphaltic  con- 
crete may  be  used  on  thin  blocks  on  the  top  of  the  pitted  concrete 
floor.  Any  thin  layer  of  concrete  will  crack  up  readily  under  heavy 
loading  unless  it  is  at  least  5"  to  6"  thick  well  reinforced  and  there 
is  no  advantage  in  eventually  renewing  this  pancake  and  replacing 
at  the  same  elevation,  as  the  road  pavements  on  both  sides  of  the 
bridge  will  in  the  future  be  capped  and  raised  in  the  same  manner 
as  recommended  for  floor  repair:  the  original  design  should  provide 
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for  a  small  increase  in  future  dead  load  to  provide  or  the  future 
floor  capping  (25  lb.  per  square  foot).  Thin  asphalt  block  or  bitu- 
minous concrete  makes  the  most  satisfactory  renewable  surface  (see 
Specifications,  p.  1563). 

Bridge  Parapets. — For  city  and  special  bridges  extremely  ornate 
balustrades  are  used  but  for  rural  highways  it  is  desirable  to  use 
the  simple  types  shown  in  Figs.  69  to  76.  Of  these  types  the 
level-top,  paneled  parapet  is  generally  the  most  satisfactory  as 
it  fits  in  well  with  the  straight-line  approach  guard  railing  and  it 
is  comparatively  easy  to  finish  properly  which  is  important  con- 
sidering the  class  of  masons  generally  employed  on  road  work. 
The  type  shown  in  figure  76^4  is  all  right  provided  there  is  no 
approach  straight-line  guide  rail  but  it  does  not  look  well  in  con- 
junction with  approach  rail. 

Parapets  along  sidewalks  should  be  from  38  to  40"  above  the 
walk  to  insure  ample  protection. 

Condemnation  and  Repair  of  Weak  Bridges. — For  data  on  this 
phase  of  bridge  work  the  reader  is  referred  to  Chap.  XII,  page  779. 

Protection  from  Scour. — Where  the  natural  stream  velocity  is 
high  or  where  it  is  necessary  to  restrict  the  bridge  opening  with  a 
resultant  high  velocity  which  causes  bank  scour,  rip-rap  or  other 
protection  must  be  provided.  Specifications  for  rip-rap  are  given 
on  page  1506. 

Iowa  1925  Specifications  give  the  following  maximum  velocities 
requiring  special  bank  protection  for  different  natural  soils: 

"Restricted  Waterways. — If  the  area  of  waterway  provided  is  not  sufficient 
to  discharge  the  maximum  flood  flow  at  mean  velocities  less  than  the  follow- 
ing, ample  provision  shall  be  made  in  the  design  for  protection  against  scour: 

a.  Sand,  alluvial  soil,  and  soft  clay 4'  per  second 

b.  Firm  clay,  loose  stones,  or  boulders 6'  per  second 

c.  Rock,  shale,  or  cemented  clays 8'  per  second. " 

Rip-rap  protection  reduces  scour.  According  to  Trautwine,  a 
velocity  of  8  m.p.h.  or  12'  per  second  will  not  derange  quarry  rubber 
stones  exceeding  %  cu.  ft.  deposited  around  piers  or  abutments. 
Specifications  for  rip-rap  are  given  on  page  1506.  If  the  natural 
stream  velocity  is  not  over  io'  per  second  the  span  is  usually  regu- 
lated so  that  the  velocity  under  the  bridge  during  freshets  will  not 
exceed  io'  per  second.  If  the  natural  stream  velocity  of  flow  at  the 
bridge  site  is  not  known,  it  can  be  approximated  roughly  for  small 
streams  by  the  formula  from  Table  52  (p.  195). 

Paved  Fords. — For  wide,  shallow  arroyos  of  the  arid  regions  of 
the  West,  paved  fords  are  in  general  use.  These  channels  carry 
water  only  during  sudden  severe  storms,  and  to  provide  structures 
large  enough  to  carry  the  sudden  large  infrequent  flows  would  be 
practically  prohibitive  in  cost.  The  road  across  an  arroyo  is  kept 
slightly  below  the  natural  elevation  of  the  wash  and  is  paved  with 
concrete,  cobblestone,  or  timber  (see  sketch).  The  alignment  is 
straight  and  the  location  of  the  pavement  is  shown  during  flood  by 
four  marking  posts,  two  at  each  end,  which  also  indicate  the  depth 
of  water,  so  that  it  can  be  used  even  if  covered  with  water,  unless 
the  depth  is  too  great  for  safety,  which  can  be  determined  by  the 


212 


CULVERTS  AND  BRIDGES 


gages  on  the  range  posts.  As  the  concrete  is  below  the  bottom  o: 
the  stream,  no  scour  occurs  and  generally  a  thin  layer  of  sand  is 
deposited  on  the  concrete,  which  can  be  easily  cleaned  off  with  i 
road  machine. 


g?^  Harking  /bsti 


Fig.  57. — Paved  ford. 

Example  of  Current  Practice  in  Design. 

Culverts  (pp.  214  to  236). 
Small-span  bridges  (pp.  237  to  309). 
Pipe  Culverts. — The  pipe  culverts  in  common  use  are  as  follow 
(see  Figs.  59  to  63,  pp.  215  to  219)  for  typical  pipe): 

Corrugated  metal semipermanent  constructio 

Vitrified  tile semipermanent  constructio 

Reinforced-concrete  pipe semipermanent  constructio 

Vitrified  tile  incased  in  concrete permanent  construction 

Reinforced-concrete  pipe  cradled  in 

concrete permanent  construction 

Cast-iron  pipe permanent  construction 

These  types  of  culverts  are  suitable  on  firm  foundations  and  ai 
generally  economical  for  small  drainage  areas.  The  relative  cos 
will  fluctuate  for  each  contract,  which  makes  it  impossible  to  genera 
ize  as  to  the  economy  of  selection. 

Box  Culverts. — The  two  general  types  favored  are  the  plain  mas 
onry  or  concrete  bottom  and  side  wall  with  reinforced  cover  slal 
and  the  lighter  box  reinforced  on  all  sides  (see  Figs.  65  and  67 

Circular-opening  culverts  are  sometimes  used  (see  Fig.  68). 

Relative  Economy  of  Culverts. — Comparative  estimates  of  cos 
must  be  made  for  each  contract,  but  to  give  a  general  idea  of  th 
method  of  economical  selection  Table  58  is  inserted  for  1926  cos 
conditions  prevailing  in  western  New  York. 

The  semipermanent  types  should  not  be  used  on  high-clas 
improvements  except  for  driveway  culverts. 

Comparative  estimates  similar  to  Table  58  furnish  a  rationc 
basis  for  judgment,  provided  only  the  permanent  types  are  con: 
pared  and  that  the  comparison  is  made  for  each  contract  considerin 
the  special  conditions  prevailing  due  to  location,  market  quotation 
on  materials,  and  local  materials  available. 
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For  conditions  similar  to  Table  58,  western  New  York,  1926, 
>ermanent  pipe  culverts  are  not  economical  over  an  18"  diameter, 
"or  drainage  areas  requiring  a  culverts  waterway  area  of  over 

sq.  ft.  the  box  type  is  preferable.  Of  the  box  types  the  simple 
nass  concrete  structures  are  more  satisfactory  on  firm  foundation 
oils,  considering  construction  difficulties,  than  the  thin-wall  rein 
orced  type,  although  they  cost  somewhat  more  than  the  thin  side- 
vall  type.     This,  however,  is  a  matter  of  personal  judgment. 

The  thin-wall  type,  reinforced  in  bottom,  sides,  and  top,  is  pref- 
rable  to  the  mass  type  under  very  deep  fills  or  on  soft  foundations 
vhere  bottom  slab  action  occurs  or  where  negative  corner  bending 
noments  must  be  considered.     (See  figure  page  224). 

able   58. — Approximate   Relative    Cost   of   Pipe   and   Box 
Culverts  30'  Long  Including  Head  walls  (Exclusive  of 

Excavation) 


Size 
culvert 

pipe, 
inches 

Area 
water- 
way, 
square 
feet 

Style  of  construction 

Corru- 
gated 
metal 

Vitri- 
fied 

tile 

Vitri- 
fied 
tile 
incased 

in 
concrete 

Rein- 
forced- 
concrete 

pipe 

Rein- 
forced- 
concrete 

pipe 
cradled 

in 
concrete 

Cast- 
iron 
pipe 

12 

14 
18 
24 
30 
36 
42 
48 

O.78 
1.07 
1.76 

3.14 
4.88 
7-05 
9.60 
12.52 

$  60 
70 
90 
120 
140 
170 
200 
230 

$  50 

60 

80 

120 

180 

260 

$  65 
75 
no 
160 
230 
310 

$  75 
80 
100 
135 
180 
240 
300 

$  90 
95 
130 
175 
230 
290 
360 

$100 

130 
170 
.60 

Size 

culvert 

opening 

span-height, 

feet 

Area 

waterway, 

sauare 

feet 

Style  of  construction,  concrete  boxes 

Mass  concrete  bottom, 
and  sides  (Fig.  65) 

Thin  reinforced  sides 
and  bottom  (Fig.  66) 

Total 
cost 

Cost  per 
square  foot 
waterway 

Total 
cost 

Cost  per 
square  foot 
waterway 

2  by  1.5 

2  by  2 

3  by  2 
3  by  3 

3  by  4 

4  by  2 
4  by  3 

4  by  4 

5  by  3 
5  by  4 
5  by  5 

3 

4 

6 

9 

12 

8 
12 
16 
15 
20 
25 

$160 
190 
210 
260 
300 
250 
300 
340 
350 

400 

450 

$57 
50 
37 
30 
26 
31 
25 

21 
23 
20 
18 

$150 

200 
230 
300 
350 

$35 
22 
30 
20 
17 

The  following  cuts  illustrate  typical  practice  in  small-culvert 
.nd  short  span  bridge  design. 
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/  Y 

[->I2 


T~ 


not  less  than 


Longitudinal    Section 


<- H -> 


< H » 

•  not  less  than  11 


k. 


not  less  than. 


End     Elevation. 
TABLE   OF  PROPERTIES. 


Diome+sr 
"D" 

Slope 

Capaoi+t),Cu. 
Ft.perSec. 

Concrete 
Cu.Yd&. 

10" 

0.048 

1.64 

1.75 

12" 

0033 

2.36 

2.0 

14" 

0.025 

3.21 

23 

16" 

0.020 

4.20 

26 

18" 

0.016 

5.31 

2.9 

20" 

0. 012 

6.54 

32 

24" 

0.010 

9.42 

3.8 

30" 

0.007 

14.73 

4.9 

36" 

0.005 

21.21 

6.1 

Velocity  =  3.0  Ft.  per  Sec.    "n"=  0.  027 

Quantities  Figured  from  Minimum 
Dimensions, 
Fig.   6o. — Corrugated  metal  culverts.      State  of  New  Hampshire 
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^^^CliofCulver) 


//  9 


J*~4Max  — 5j  i2ti5orl$. 


-•iL 


...77, 

Cushion 6 


Half  Plan 

*<:  .   ^  Single  Track Road Minimum II    ...J        I  °^ 

<fe* 'Double  »        *  »     A3'        \%uoik 


■Havem&ri 


^ 


.•a 


!      Minimumy,  Invert  Grade  x2% 


sir 

Ha  If  Section 
on  Cu  I  vert  Center  Line 


Well  Tamped  Backfill 
fHatuml  Notorial)    AiLeastl;    ^W.    ''^jSSSf^9 

totfiri^/Wlea& 

ftOvement 


.  :2 :4 
Concrete 


Mm. 


Plonk  if 
necessary 


FIRMS01LS-/W&7;  ClAYORLOAM       UNSTABLE  SOILS 

Gravel  or  Coarse  Sana,  or  in  firm  soils        W1  J  "l"'6 

provided  there  is  a  Yfhere  cushion 

minimum  cushion  of  at  is  less  than  I? 
least  12" 

SECTION  A-A-Showing  Treatment  in  Different  Soils 

Approximate  Weight,  Dimensions,  Etc.  of  Standard 
Sewer  Pipe 


Calibre, 

Price 

Weight  per 

Depth  of 

Annular 

Thickness, 

in. 

per  foot 

foot,  lbs. 

socket,  in. 

space,  in. 

m. 

12 

Si. 35 

45 

2\i 

y 

1 

15 

1.80 

60 

*yi 

y 

iH 

18 

2.50 

85 

2H 

y 

iH 

20 

3  00 

100 

3 

y 

iH 

22 

4.00 

130 

3 

y 

158 

24 

4-50 

140 

3H 

y 

158 

Double  Si 

RENGTH   Pi 

PES 

Calibre, 

Price 

Weight  per 

Depth  of 

Annular 

Thickness, 

in. 

per  foot 

foot,  lbs. 

socket,  in. 

space,  in. 

in. 

15 

Si.  80 

75 

2H 

y 

iy 

18 

2.50 

118 

2H 

y 

20 

300 

138 

3 

y 

iH 

22 

4.00 

157 

3 

y 

1% 

24 

4-50 

190 

MH 

y 

2 

Fig.  61. — Typical  vitrified  pipe  culverts. 
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■4  Max 


J 

J<  ,        Singh  Track  Read  Minimum ft 

\      Double  »     ~       »    ry 


Cushion  6  r***?: — 


Minimum 


;  Invert  Grade  '£  % 

4i 


Half  Section 
on  Cu  I  vert  Center  Line 


Well  Tamped  Backfill 

rHaiura) 'Material)    Mica  it  &^   aV         1:3:6 Concrete 
"Tuasro*    2  Mm..       .iarkat 

''tt"'-"'^f""''''/'f""""""»f{ 

4* 


Jacket 


Plank  if 
necessary 


UNSTABLE  SOILS 


FIRM  SOI \S-HaniPan  CLAYOR  LOAM 

Gravel  or  Coarse  Sand,  or  in  firm  soils 

provided  there  is  a  where  cushionH . 

minimum  cushion  of  at  is  less  than  I? 
least  iz* 

SECTION  A-A- Showing  Treatment  in  Different  Soils- 
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TABLE  OF DIMENSIONS  AND 
REINFORCEMENT  FOR  PIPE 


Tabic  of  Dimensions 


D 

Inches 

l-Kax. 
Fee+ 

T 
Inches 

B-Min. 
inches 

E 
Inches 

12 

4 

z 

27a 

2'£ 

15 

4 

2, 

2 '/I 

2% 

15- 

4 

zHi 

i 

i 

24 

4 

i 

3 

3V2 

Effective  Area  of  Circumferal 
Reinforcement 
Pc  Foot  Lenathof  Pipe 

(2 

0.058  Sq.  Inches 

15 

0.05S    v        r. 

16 

0.080     "          r> 

24 

0.126    a        r, 

Approximated 

or  Pipe 

12 

SO  lbs 

15 

110   n 

(8 

no  r. 

24 

260  b 

Fig.  62. — Typical  reinforced  concrete  pipe  culverts. 


'*  ' '6', '//of- Less  than.-  6,' '  Hot Less than.  ; 

Longitudinal   Ssc+i'on. 
?ig.   63. — Cast  iron  pipe  culvert.      New  York  State  standard. 
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Plan. 


H ;; Z4'-4"to3S-4^ 

I  ,„i»    2,  Hot  Less  f ha/7. 
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Fig.  64. — Typical  masonry  culvert.     State  of  New  Hampshire. 
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-Dowels  0.25" 
NetArea 
/'0"/ortfy/2C.to£ 


Part 
Cross  Section, 

Fig.  65. — New  York  State  small  box  culverts.  Suitable  for 
m  foundation  soils.  On  soft  soils  use  reinforced  culverts, 
ig.  66,  page  222  and  Fig.  67,  page  224. 

Note. — For    effect    of  deep  fills  on  culvert  design  see  page  224. 
tiese  culverts  safe  for  following  maximum  depth  of  fill  over  top  of 
ib   assuming   firm   foundation  soil.      2'  span  no  limit,  3'  span  30 
limit,  4'  span,  20  ft.,  5'  span  13  ft.  limit. 
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9  ,.9:9' 


Fig.  67. — Reinforced  box  culverts  N.  Y.  State,  1926. 

Note. — Suitable    on   soft   foundations  or  under  very   deep   fills 
Not  a  good  design  for  firm  soils  under  light  fills. 
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Fig.  68 A.— Massachusetts  standard  for  concrete  arch  culverts. 
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%  "^Anchor  Bolts,  spacing-determined 
by  sire  of  /-Beam.  .  ,-$  ,,,        , 

*  \  &.%  Dowels-Id  ctrs-P-Olg 

!      T         r        .         1  I  *v, 

^ — $— fi — ji  1  1  iAr  1  1  1  1  1  i;. 


-*<    ■  -i4'-0-" 

"jr"§opei"in 
•4"t 'Weep  Hole 


if  Construction 
.__        "     Joint    ~* 

bacfrofH/a// 

V  Bed  of  Strew 


Elevation 


Additional 
Vertical  Keijwaij         Concrete^ 
qt  Construction  Joint 


Additional  Concrefi 


I'-ffMC 
RowNo.l    Row  No? 


W/fftweb-lb'ifrs  -M'/g.  tor  Slab  Bridges 
ffirizonta!    :\*li'* Anchor  Bolts j'-O'/g.  for  I-Beam  Bride, 
Keyway^^n 
'IS-!  " 


6" Above.. 
Mean    ,    ''•■•*» 

Surface 


Abutment  Section 


'/?  for  I- Beam  Bridges 

broken  Stone  Grovel  or  Ghders 
;  on  back  of  Wall  from  Subgrade 
■'  of  Road  to  Course  Stone 

around  Drain 

Course  Stone  around  Drain 
4"  Weep  Hole 

Maximum 

ana 'inducting 6V" 

Two  Hey  ways  for 
Clear Height of 
8teetandmore 


Payment 
Line 


One  Key  way  tor- 
Clear  Height  up  to 


Section  crt 
Construction  Joint 


Wing  Wall 
Section 


End  of 
Wmg  Wall 


Fig.  695. — Standard  abutments  slab  bridges.      New  York  State 

1926. 

(Dimensions  and  Quantities  pages  242—245.) 

Note.- — Designed   for   ordinary   soils.     If  gravel,   hardpan  or  rock 

foundation  occurs,  wing  back  batters  can  be  reduced. 
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-Rods  0.25c"HetArea; 
Spaced  l2"C.toC. 
W\{Spans5'to25'.) 
Plan. 


(  Heights  5'to  15!) 


f-W 


2  DoyvelsO.2%^ 
l2"Ctrs.  " 
Pile  Foundations  tobe 
Used  in  Light  a  no 'Shift- 
ing'Jo, ;ls.  Pave  when 
Ordered  by  D/V  Engineer. 


vgffi&M&i&tyz  -■•'■'  .'■  '■■ — ~ 

Bottom  Width  of  the 

Abutments  not  less  than 


Note 

All  rods  to  have  a  deformed 
cross-section.  All  rib  metal  to  be 
of  medium  steel. 

2d  class  concrete  in  all  slabs 
and  parapets.  3d  class  concrete 
in  wings  invert  and  abutments. 
Wing  walls  on  the  outlet  end  of 
all  square  culverts  with  concrete 
floors  to  be  built  parallel  to  the 
center  line  of  the  culvert.  Round 
all  exposed  edges  to  i$  inch 
radius. 


.•Rods  in  Slab  to  be  Exten- , 
\   died  24  Diams.  beyond 
\     Neat  lines  of      { 
v  Abutment 


Elevation. 


^  of  Total  Height  from  Bottom 
of  Abutment  toTop  of  Slab.     s    . 

Section  on  Center  Line. 


For  Typical 
Section  "F" 

Where  culvert  covers 
become  a  part  of  con- 
crete base  for  brick 
pavement,  transverse 
reinforcement  should  be 
extended  12"  beyond 
back  of  abutment  into 
concrete  base. 


l5°for45Skew\_. 
ZO'forZ0orl5°A 
\ 
\ 


RodsinSlabtobe 
Extended  24  Diams. 
beyond  Neat  lines 
of  the  Abutments. 


ue*Mle 


Rods  0.25" 
NetArna-,  \ 
Spaced  12 
CJoCi 


Fig.  70. 


Dimensions  of  slabs  on  page  247. 
-New  York  State  slab  bridges.     H-15  loading. 
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Span 

Thickness  of 
Slab* 

Net  Area 

of 

Rods 

Rod 

Spacing 
C-C 

Length 

of 
Dowels 

5 

8" 

o.25sq." 

a¥ 

12" 

6 

9" 

« 

a" 

<( 

7 

10" 

o.39sq." 

-3'/ 

u 

8 

10" 

it 

s¥ 

a 

9 

11" 

a 

s" 

a 

IO 

12" 

a 

4l" 

it 

ii 

12" 

o.56sq." 

6|" 

a 

12 

13" 

<< 

6" 

1&" 

13 

13" 

a 

r  3'/ 
04 

tt 

14 

•     14" 

a 

-3// 
08 

a 

IS 

14" 

a 

5" 

tt 

l6 

IS" 

tt 

.3'/ 

4s 

a 

17 

15" 

tt 

.3// 
4i 

tt 

l8 

16" 

(< 

42 

it 

19 

17" 

it 

4i 

it 

20 

18" 

o.77sq." 

rl" 

34 

tt 

21 

18" 

<< 

sir 

a 

22 

19" 

(< 

s" 

24" 

23 

19" 

«« 

5" 

tt 

24 

20" 

«« 

4s 

tt 

25 

21" 

i.oosq." 

h2" 
08 

a 

For  Spans 
<<         << 

<i          (< 

For  Clear  1 
«<        << 

5'  to  19'  W  ==  18"        For  Clear  Height 
5'  to  19'  W  =  24" 
20'  to  25'  W  =  24"          " 
height  7'    or  less  E  =  3'-o" 
"       8'  to  10'   E  =  4'-o" 
"       above  10'  E  =  5'-o" 

10'  or  less 
ii'  to  15' 
15'  or  less 

*NOTE  —  1 

he  effect  of  c 

?he  thickness  of  slab  given  is  for  shalh 
leep  fills  see  Table  193,  page  1075. 

)w  fills.     For 

Fig. 

70. — (Continu 

ed.) 
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W^r-t-coxB") 

Enck  Elevation. 
General  Dimensions  Semi-Circular  Arch  Culverts 


s 

Span 

Thickness  at  Springing 
Line 

Thickness  of  Ring 

Height  of  Haunch 

T 

K 

C 

R 

J 

V 

Concrete 

Masonry 

Concrete 

Masonry 

Concrete 

Masonry 

6 

2  '-6" 

2'-6" 

IO" 

IO" 

iV 

2,-o" 

8 

2,-6', 

2'-6" 

II" 

12" 

2,-6" 

2'-6" 

10 

3'-o" 

3'-o" 

12'' 

12'' 

3'-o' 

3'-o" 

12 

3'-6' 

3'-6* 

14" 

is" 

3-0 

3V 

14 

3'-9" 

3V 

15* 

15" 

4-0 

4'-6* 

16 

4'-o" 

4,-o'/ 

16" 

is" 

4'-8" 

S'-O" 

18 

4'-6" 

4'-6" 

18" 

18" 

5'^' 

S'-6' 

20 

s'-o" 

s'-o* 

18" 

18" 

s'-6" 

0  -0 

Fig.  71. 
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PARAPET  GIRDERS 
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Design  used  by  Monroe  County,  New  York  State. 
Fig.   72. — Parapet  girder  bridge. 
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Round  Corner  to  2  "Rod. 


Plan 

Symmetrical abt>uf  t  Spanexcept  for  Expansion 
.-Jag'S      Plates  etc  and  Dowels 


Plates  ftc  and  Dowels  „  S^J 


'■6-0  \3-s.^te-~-6W--->J;oi--~-  e'o  '■'•'•'■>$$%■ 


\P Dowels  Z'-0%l%"ctrsin 
Abutnenrat  Fixed  End  (p) 


Cost  of  furnishing  and  installing  Premo/ded      __i~L  7-    „x/<a„j„.„>' 
*  is  poured  in  Beams 


Half  Outside  Elevation 


Half  Sectional  Elevation 


Notes 

Camber  bridge  K6"  per  foot  of  bridge  span. 

The  above  bar  list  makes  no  provision  for  splicing  reinforcing  bars  except 
ongitudinal  mat  bars.  The  \i" <$>  reinforcing  bars  may  be  spliced  at  places 
pproved  by  the  Engineer.  Bars  so  spliced  shall  be  lapped  40  diameters,  and 
paced  to  allow  1"  of  concrete  between  surfaces. 

All  concrete  except  in  concrete  pavement  to  be  "Nominal  Mix  1:  2:  -\\4- 
I200  #/□"._ 

Concrete  in  wearing  surface  to  be  "Nominal  Mix  1:  1^:3-2500  #/  D". 

No  construction  joints  other  than  shown  on  the  plans  will  be  permitted, 
he  construction  joint  on  the  center  line  of  roadway  will  be  permitted  only 
hen  approved  by  the  Engineer  in  writing.  Construction  joints  to  be  free 
rom  laitance. 

The  lower  expansion  plate  shall  be  placed  on  the  top  of  the  abutment  before 
he  concrete  in  the  abutment  has  set. 

A  layer  of  graphite  axle  grease  about  >8"  thick  shall  be  placed  between  the 
sxpansion  plates  before  the  concrete  is  poured  in  the  beam-stems. 

Curbs,  slab  and  beam-stems  must  be  poured  at  the  same  time,  allowing 
10  time  for  initial  set  to  take  place  between  them. 

All  reinforcing  bars  shall  be  of  medium  open  hearth  steel.  All  dimensions 
or  bending  reinforcing  bars  except  as  noted  are  center  to  center  of  bars. 

All  parapet,  fascia  and  curb  surfaces  shall  be  given  a  rubbed  finish,  cost 
o  be  included  in  unit  price  for  1:  1^:  3  concrete. 

For  name  plate,  see  sheet  and  specifications. 

Fig.   73A . — {Continued.) 
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MA  TER/A  L  REQUIRED  (no  overrun  or  rounding) 


79.2  Co.  Yds   r.2'.3'/z  Concrete 


IS.7Cu.Yds.     r.l'/2'3  Cone  re  te 


168 'U  Bbls.  Cement 


174-0  Lb.  Structural  Steel 


17,190  lb.  Metal  Reinforcement- 


1056  Sq. Ft.  Waterproofing 


BAR    LIST 


Mark 


Numbe, 


Size 


Length 


5'.Pad. 


Bending  Diagram 


16 


,/"o 
1/4 


40-2 


-!8'6'/2" 


It 


«'j' 


/  "0 


42% 


sr.x 


rgfo:  •  -  - s- 


-I5U" ->*$ 


'^Sl'Rad 


i,"u 
'4 


I'A 


41'- 1 


19-0 


,  "o 


4Z'-2 


-  ^JpSjpgg  —  ■, tflQ 


5  "Had  r 

— m'i 


* 


0^0^ 


-15-1     - 


l"° 


57 


114- 


w 


34'- B' 


Ex  ten  or  Beams,  Top 


-^ V sL_i 


'j>. 


32-10  "       Transfers  e  Slab  Bars,  Top  and  Bottom 


27 


'/z'P 


33-0"      ,  Longitudinal  Slab  Bars,  Top  and  Bottom 


54 


V?9 


4'-4' 


W? 


Vertical  Bars  in  Curbs  and  Parapet- 


m 


39'- 2" 


Longitudinal  Bars  in  Parapet 


117 


>/4 


8 '-&' 


Bar  Mat.  Reinforcement  Transverse  Bars 


81 


w* 


t3'-4" 


W? 


Bar  Mat.  Reinforcement  Longitudinal  Bars 


22 


2-0" 


Dowels  in  Fixed  Abutments 


SI 


224 


i//9 


8'-2" 


w 


7y l'-2'U inside 


Interior  Stringers 


S2 


S2 


'/J* 


11-6 


V. 


Exterior  Stringers 


—  l'-2'/4  inside 


Fig.   73A. — Bar  list  35  ft.  clear  span. — {Continued.) 
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to 

l-t 
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O 
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i-. 
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> 
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c 

ni 

Ih 
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JO 

c« 
CO 

60 

'0 
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CO 
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d 
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0) 

0 
CO 

6 

0 

0 
pq 

a 
s 

"a 
a) 

0) 
CO 

0) 

to 

W 

o 

0 

M 

< 

Estimated 
cost 
I92S 

OOOiOOO^Oi/iOt/5 
1/5  f~  IN  i/>00   OdHiJO" 

Water- 
proofing, 
square 
feet 

vOOiiOOt^-NuioOiOOvO 

t-  t^oo  oao  ooh  nn 

M     H    M     M     W     h-l 

w 

« 

o 

H 

M 

concrete, 
cubic 
yards 

N  M  rOTj-io\OvO«>00  oa 

concrete, 
cubic 

yards 

U)HN   t-\0  O   n,   t»  t-  t-  M 

< 

IO00    POOO  00  vO    Cl^>fllfl>0 

tJ-  ^  10  ico  r-  r^oc  aOH 

Si 

N   t^t^OvOO  MOO  t^ooo  r~- 

O     O     M     M     '^•VO  O     t^OlH     (<) 

Struc- 
tural 
steel, 

pounds 

OOOOOOOOOOO 

O  O  O  O  Tf  ^  ^  ^oo  00  00 
■*^-<t^H>t^t^t^C  0  0 

MMI-llHMWMl-lMMN 

Metal 
reinforce- 
ment, 
pounds 

OOOOOOOOOOO 

0  pon  poor~0\>oioo  •^f 
m\0  r~0  loo  1-1  lo^t^-o 

N  N  PO-^-iovOt^t^-oc  OiO 
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CO 
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Quantities    in    Concrete   Deck   Girder   Highway   Bridges. 
U.  S.  Bureau  of  Public  Roads. 


16-ft. 

road- 

18-ft.  road- 

20-ft 

. road- 

24-ft 

.  r  oad- 

Span, 
ft. 

way 

is 

-ay 

way 

way 

Con- 

Con- 

Con- 

Con- 

crete, 

Steel, 

crete, 

Steel, 

crete, 

Steel, 

crete, 

Steel , 

cu. 

lb. 

cu. 

lb. 

cu. 

lb. 

cu. 

lb. 

yd. 

yd. 

yd. 

yd. 

16 

14-3 

2,820 

15-3 

3,160 

16.5 

3,5io 

19.2 

3,98o 

18 

16.0 

3.130 

17.7 

3,520 

19.0 

3,880 

22 .2 

4,430 

20 

17.8 

3.770 

10.3 

4,330 

21.2 

4,76o 

24.2 

5,470 

22 

20.  I 

4, 100 

21.8 

4.690 

23-3 

5,140 

27.4 

5,930 

24 

22.3 

4,460 

23.6 

5,7io 

25.7 

6,230 

29.6 

7,220 

26 

23.8 

5,260 

25-7 

6, 140 

28.0 

6,670 

32.4 

7,770 

28 

29.  1 

5,870 

30.2 

7,070 

32.8 

7,440 

37.7 

8,940 

30 

32.6 

6,260 

34-1 

7,570 

36.9 

7,98o 

42.5 

9,58o 

32 

34-6 

7,56o 

38.1 

8, 100 

41.2 

8,500 

47.6 

10,240 

34 

38.3 

8,100 

42.5 

8,580 

43-5 

10,180 

53.0 

10,850 

36 

42  .2 

8,550 

45-5 

10,300 

47-9 

10,770 

56.6 

13,040 

38 

46.4 

9,070 

50.1 

10,910 

52.8 

11,420 

62.5 

13,810 

40 

I 

50.8 

9.540 

55.o 

11,520 

57.8 

12,030 

68.6 

14,600 
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Fixed  End 

J/S*x  2-0  "Dowels -set  1?  "in 
Concrete(FixedEndonly) 


"A 

Expansion  End 

Tar  Paper  Joint 

—x- . \-JEipansion 

3k*i  9  Cfsk  Head  Exp.  Boltr 


Fixed  End 


Expansion  End 


Broken  Stone,  v 
OravelorSlag 
on  back  of  Wall 
fromsubyrade 
of  Roadway  fu 
Top  of  Course  Shm 

Qme  Stone- 
aroundDram 

4"Vtf.CleuDrainon 
back  of  Wall,  laid'  % 
with  open  Joints- 

Maximum  Payment ' 
Line 


in  on .  'if 


^LiU;  3 on  I  Batter 


f-w- 

'    Abutment 
Section  A-A 


i!°"  Elevation  B-B  Elevation  C-C 


Fig.   73B. — Standard  abutments  for  T  beam  bridges.     New  York 

State  1926.      (Dimensions  pages  260—264.) 

Note. — Designed  for  ordinary  soils.    Base  width  can  be  reduced  on 

gravel,  hardpan  or  rock. 
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Ty  pica  I  Fooling  for  Wing  Walls' 
Showing-Pile  Spacing 


^   <\   *■** 

^  ^  ^ 
-§  ^  > 


/rJXfmj 


-E- 


%^ 


C 


Bi 


-A 

— \>\ 


l/sff 


:-/L0 


Pile  Spacing  for  Abutment 

Fig.  73U. — (Continued.) 
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Expanded  Metal  Embedded  in 
6"Concrete  (Z<*  Class) ^ 

Length  of  Culvert  -'• 


Exp.Metal- 
Steel  Bans 


fc-V'6-">[ 

1 


k-/2? 


H  no  more  than£\ 


^ 


Cross  Section  of  Parapet 
Showing  Reinforcing. 


Pai'ntall  Beams 
~\2  Coats  Lead 
and  Oil. 


.____!_—  j.1 ' .1 

Longitudinal  Section. 


\%^^^^^^5teelI-Beam 


Round  all  Exposed 
EdqestoZii'Rad. 
Em.  Metal  to  be 
3  6"or6'xl2"Mesh, 
weiqhinq  not  less 
than    l.2ps. 
persq.it 


Part  End  Elevation. 


I-Beams  Spaced  as  Shown 

on  Tablet. 
Expanded  MetaJ 


Embedded  in  6 


|« — X— *l 

b'tolZ'hiqh,  r=24i-(Six2£') 
/3'toZO'"  ,x=dt+(rix3") 

SpanslS-ro30Feet. 

6-Z-CJ.Concr<   \*.^c       « 


fe-x-oj 
6  'tolZ'high,  x= I8t"(r/x2f) 
/3'toZO'-  ,x=I81(H*3") 

Spans  6  to  17  Feet 


'ig.   74. — New  York  State  I-beam  bridges  (1912). 
(Dimensions  pages  266-269.) 


Length  of  Culvert 

'Length  of  Culvert  is  taken  asthe 
Distance  from  Outs.  toOutside  ofPara- 
vpets  or  from  0.  toO.ot 'GuardRail 'and 'Meas- 
ured'on a -Line  at Right Angles  toCL.of :Road. 
Spam's  Taken  as  tne  Distance  bet.  Abutm'ts 
„   Measured  on  a  Line  parallel  to  the  C.L  of  Road, 
at  Top  of  I-Beams.    Angle  of  Skew  is  the  Angle 
bet.  the  C.L.of  Culvert  and  a  Line  at  R.Angles  to  C.L.ofRoad. 
H=  Total  Height  of  Abutment 
A  and  B = Deflection  of  Wings  in  Degrees. 
Land  M=  Length  of  Winqs.  ,    ,       _       ,_ 

P  =  Length  of  Abutment  Measured  along  Face  of  Top. 

Skew  Culvexr. 

H-12H  loading. 
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Table  No.  6 

Number  I- Beams 
For  Concrete  Covers  only 

—   ■ 

P  =  Length  of  Abutments 

Spacing 

Length  of  Culvert 

2'-6" 

2'- 9" 

3'-o" 

15°  Skew 

300  Skew 

45°  Skew 

18 

5 

5 

4 

18.64 

20.79 

25.46 

19 

5 

5 

5 

19.67 

21.94 

26.97 

20 

6 

5 

5 

20.71 

23.09 

28.23 

21 

6 

6 

5 

21.74 

24-25 

29.70 

22 

6 

6 

5 

22.78 

25.40 

31.II 

23 

7 

6 

6 

23.81 

26.66 

32.53 

24 

7 

6 

6 

24-85 

27.71 

33-94 

25 

7 

7 

6 

25.88 

28.87 

35-36 

26 

8 

8 

7 

26.92 

30.02 

36.77 

27 

8 

8 

7 

27-95 

3I.I3 

38.18 

28 

9 

8 

7 

28.99 

32-33 

39.60 

29 

9 

8 

8 

30.02 

33-49 

41.01 

30 

9 

9 

8 

31.06 

34-64 

42.43 

31 

10 

9 

9 

32.09 

35-8o 

43.84 

32 

10 

9 

9 

33-13 

36.95 

45.26 

33 

11 

10 

9 

34.16 

38.10 

46.67 

Application  of  Tables 

Quantities  for  a  300  Skew  Concrete  Culvert,  concrete  top,  length 
30  feet,  opening  13  feet  high  and  12  feet  wide.  From  Table  1,  an 
opening  12.12  ft.  wide  300  Skew  is  a  14-ft.  span  requiring  (see  30-ft. 
length,  Table  6)  9  I-Beams  spaced  2'-9"  c.  to  c.  (9  X  400)  =  3600  lbs. 
I-Beams;  218  lbs.  Bars;  400  +  (5X16)  =  480  sq.  ft.  Ex'p'd  Metal; 
9-78  +  (5  X  30)  =  11.28  cu.  yds.  2d  class  Concrete  32  lin.  ft.  Pipe 
Rail.  An  opening  13  ft.  high  will  require  Abutments,  16  ft.  high 
(13'  +  2'  in  ground  +  10"  I-Beam  =  15'-  10").  From  Table  4, 
A.butments=  118.0  cu.  yds.,  Wings=  102.9  cu-  yds.  (5  X4.79  =  23.95 
m.  yds.  5  ft.  extra  length  of  Culvert)  118.0  -f-  102.9  -f-  23.95  = 
244.85  cu.  yds.  3d  Class  Concrete. 

For  Spans  of  more  than  17  feet,  use  Masonry  Tables   for    Con- 
rete  Abutments  and  Wings. 

Fig.  74. — {Coyitinued.) 
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Detail  dimensions  pages  272-274.     (Abutments  for  spans  13  to  25 

feet,  see  page  241.) 
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Clear 

Clear 

span, 
ft. 

Mark 

No. 

Size 

Length 

span, 
ft. 

Mark 

No. 

Size 

Length 

a 

21 

w* 

35'-  7" 

a 

22 

W4> 

35  -  7" 

b 

40 

H"4> 
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a.  Bent  transverse  bars — slab. 

b.  Straight  transverse  bars — slab. 

c.  Straight  longitudinal  bars  in  parapet  and  ccrb 

d.  Straight  vertical  bars  in  parapet  and  curb. 

e.  Straight  longitudinal  bars  bar  mat  reinforcement. 
/.  Straight  transverse  bars  bar  mat  reinforcement. 
g.  Straight  longitudinal  bars  slab — top  and  bottom. 
h.  Straight  longitudinal  bars  under  I-beams. 

Fig.   75. — {Continued) 
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'/z  Expansion^- 
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4"Ti/e  Drain' 
\  on  back  of  Wall 


Fixed  End 


Expansion  End 
Elevation 


Broken  Stone,  Gravel  or 
Slag  on  back  of  Wall  from 
Subgrade  of  Roadway  to 
Top  of  Coarse  Stone-  -•  . 

Coarse  Stone  around  Drain 

"A  v    *■■ 

4  vVit.  Clay  Drain  on  -.} 

Back  of  Wall  laid  with  i"" 

Open  Joints  4\\ 

Maximum  Payment     *u 
Z//7e  x-^: 

Abutment  Section  A-A 

Fig.   76.B. — Standard  abutments  steel  I  beam  bridges.      N.  Y.  Sta 

1926.      (Dimesions  and  quantities  pages  286—289.) 
Note. — Design  for  ordinary  foundation  soils.     Reduce  base  widtl 
if  gravel,  hardpan  or  rock  is  encountered. 
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3°4 


CULVERTS  AND  BRIDGES 


Panel 

4 

Intermediate  Panel 

Length 
(L) 

Size 

of 

■  Joists 

Joists 

Floor 
Railing 
Details 

Total 
Lumber 

Bolts, 

Washers, 

Spikes, 

Nails 

Feet 

Inches 

Ft.  B.  M.     Ft.  B.  M. 

| 

Ft.  B.  M. 

Pounds 

10 

6X12 

590 

800 

1390 

80 

4X14 

460 

840 

1300 

ii 

6X12 

650 

870 

1520 

90 

4X14 

Soo 

920 

1420 

12 

6X12 

700 

940 

1640 

90 

4X16 

620 

990 

1610 

8X12 

1010 

1020 

2030 

13 

6X14 

880 

1020 

1900 

90 

4X16 

670 

1070 

1740 

8X12 

1080 

1090 

2170 

14 

6X14 

950 

1090 

2040 

90 

4X16 

720 

1 140 

i860 

IS 

8X12 

1150 

1170 

2320 

100 

6X14 

1010 

1170 

2180 

16 

*  10X12 

1530 

1240 

2770 

6X14 

1070 

1240 

2310 

100 

6X16 

1230 

1240 

2470 

17 

10X  12 

1620 

1340 

2960 

8X14 

1510 

1340 

2850 

120 

6X16 

1300 

1340 

2640 

18 

10X  12 

1710 

1410 

3120 

8X14 

1600 

1410 

3010 

130 

6X16 

1370 

1410 

2780 

19 

10X  12 

1800 

1490 

3290 

8X14 

1680 

1490 

3170 

130 

6X16 

1440 

1490 

2930 

20 

8X14 

1760 

1560 

3320 

130 

8X16 

2020 

1560 

358o 

21 

10X  14 

2310 

1640 

3950 

140 

8X16 

2110 

1640 

3750 

22 

10X14 

24IO 

1710 

4120 

150 

8X16 

2210 

1710 

3920 

Fig.   83. — (Continued.) 


PILE  TRESTLE 


;os 


Size 

Intermediate  Panel 

Panel 

Bolts, 
Washers, 
Spikes, 

Nails 

Length 
(L) 

of 
Joists 

Joists 

Floor 
Railing 
Details 

Total 
Lumber 

Feet 

Inches 

Ft.  B.  M. 

Ft.  B.  M. 

Ft.  B.  M. 

Pounds 

10 

4X12 

400 

640 

1040 

70 

3X14 

350 

6S0 

1030 

ir 

4X12 

430 

700 

1130 

80 

3X14 

380 

740                1 1 20 

12 

6X12 

700 

760 

1460 

80 

3X14 

410 

800 

1210 

13 

6X12 

760 

810 

1570 

80 

4X14 

590 

860 

1450 

14 

6X12 

810 

870 

1680 

4X14 

630 

910 

1540 

90 

4X16 

720 

910 

1630 

IS 

6X12 

860 

930 

1790 

4X14 

670 

970 

1640 

90 

4X16 

770 

970 

1740 

16 

6X12 

920 

990 

1910 

6X14 

1070 

990 

2060 

100 

4X16 

820 

1030 

1850" 

• 

17 

6X12 

970 

1070 

2040 

6X14 

1130 

1070 

2200 

no 

4X  16 

870 

11 10 

1980 

18 

8X  12 

1370 

1130 

2500 

6X14 

1200 

1130                2330 

120 

4X  16 

910 

1 1 70 

2080 

19 

8X12 

1440 

1 1 80 

2620 

6X14 

1260 

1 1 80 

2440 

120 

4X16 

960 

1220 

2180 

20 

8X  12 

1510 

1240 

2750 

6X14 

1320 

1240 

2560 

120 

6X  16 

1510 

1240 

2750 

21 

10X  12 

1980 

1300               3280 

6X  14 

1390 

1300                2650 

130 

6X16 

1580 

1300               2880 

22 

10X  12 

2070 

1360               3430 

8X14 

1930 

1360 

3290 

130 

6X16 

1660 

1360 

3020 

23 

10X  12 

2160 

1420 

35  8o 

8X  14 

2020 

1420 

3440 

130 

6X16 

1730 

1420 

3150 

24 

10X  12 

2250 

1470 

3720 

8X  14 

2100 

1470 

3570 

130 

6X  16 

1800 

1470 

3270 

25 

10X  14 

2730 

1560               4290 

8X14 

2180 

1560 

3740 

150 

6X  16 

1870 

1560 

3430 

26 

10X  14 

2840 

1610 

4450 

160 

8X16 

2600 

1610 

4210 

27 

10X  14 

2940 

1670 

4610 

160 

8X16 

2690 

1670 

4360 

28 

10X  14 

3050 

1730 

478o 

160 

8X16 

2780 

1730 

45io 

29 

10X  14 

3150 

1790 

4940 

160 

8X16 

2880 

1790 

1 

4670 

- 

Washers  to  be  ogee  type  cast  iron  $-£"  and  %"  bolts,  and  cut  wrought  iron 
)r  steel  plate  washers  for  ^2"  bolts. 

Fig.   83. — {Continued.) 
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Grade  to 
Ground 

" 

Sway  Bracing — Intermediate  Bent 

Sets 

Length 

Lumber 

Bolts 

Feet 

No.  Reqd. 

Feet 

Ft.  B.  M. 

Pounds 

10-12 

12-15 
15-18 
18-23 
23-26 
One  cap  io"Xi2 

1 

1 
1 
2 
2 

"Xi-'-o" 

18 
20 
22 
18  &  20 
20 

90 
100 
no 
190 
200 
170 

35 
35 
35 
60 
60 
10 

Grade  to  Ground 


Feet 


Bulkhead — End  Bent 


Lumber 


Ft.  B.  M. 


Spikes 


Pounds 


270 
360 
460 
550 
640 


5 

5 

10 

10 

10 


Fig.  83. — {Continued.) 


FRAMED  TRESTLE 


307 


$'x  14"strinqers. 
1  <y 


2x4  Bracing. 

Bx'Ustringers       )  >     .!.•„'-.  ?*+'8r?a'nS- 

_    /*        __/         2-10)   I    3xl4.Str,nger.  \ 


Floor/rig  3  x  12  x  16 ' 
flanks.-. 


—116 '  V   ,->■ 

~~3xi4  Stringer. 

Plan 


12x12x19. 


Side      E'eva+ion 


^1 


t^ 


(\l  (T^   >£>   (VI   M 

->/■ *-d4%^L  e'x6xS'Posf: 
\s%xl5'Bol+s. 
\^9sx22'DrHfboH: 


I     t*ifc|k 


TVS 


/      |£  lr.,      ,\*IZxl?xl 

%"x22"Drfftbolts  '■■  %        Mud  Silts. 
3^'x  Id"  Dri-ftboits/  *• 


3x3x16  Col  Icr  Brace. 
3x8x20  'Brace. 
l2x!2"xld'Sill. 


!2xl2'x24'Post; f\ 
8"x!2x3'MudSi/.'s.  V 


Bente  2  and  5 
Showing  Roadway -for  Single 
Track  Crossing 


3x8  Brace 
2x4' 'Bridging 
3xd~Collar  Brace 
\^x  18"  Bolts. 
tS,  %'x2l"  Bolts. 
3x8" Brace. 
Longitudinal  Braces 
TH  j  bolted  to  Post-2-%*  ,8 
\\   Bolts. 

•I  ^%x22"Driftbolts 
\^^x!8"Driftbolts. 
^  12x12x20 'Sill. 


Ben+a-  3  and  4- 
Showing  Roadway  for  Double 
Track  Crossing 


Fig.   84. — Typical  framed  trestle.      Illinois  Central  Railroad. 
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Quick-estimating  Diagrams. — The  following  quick-estimating 
diagrams  are  convenient  in  determining  economic  type  and  rough 
appropriation  estimates.  The  unit  prices  used  are  based  on  data  in 
Chap.  IX  (p.  66 1).  Weights  of  steel,  if  desired,  can  be  obtained 
from  Chap.  IX  (pp.  649  to  654). 
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Fig    76,  page  275.      Concrete  T  beam  stringers,  Fig.  73.  page  252. 
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'Approximate  Weight  of  Structural  Steel, 
~  Girders  and  Trusses  (Ji-20  Loading) 
— For H-15 Loading  use  75%  of  Values 
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T  Curves  shown  are  for  24-  Roadway' 
-  For  20  'Roadwau  use  SO  %  of  Values 
~-  For 30'  ,  »  n  12.5% 


Fig.  89. — Approximate  quantities  structural  steel  plate  girders 
and  trusses.  H-20  loading.  These  weights  include  girder  or 
trusses,  floor  beams  and  stringers. 
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Fig.     90. — Typical     cost     curves.      Truss    bridge     superstructures 
complete.     H-20  loading. 
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\NOTE!  Curves  are  for  12  to  /7 'Spans 
For  Spans  less  than  12, 
reduce  costs  6% 
For  Spans  over  J  7  , ' 
increase  costs  7% 
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ig.  91. — Approx.  cost  curves.     Abutment  masonry  for  slab  type 
bridges.     Spans  6'  to  25'  (unit  price  of  concrete  $18  per  c.y.). 
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Height  of  Abutment 
(Road  Grade  to  Bottom  of  Foundation) 


j»  20,000 


i  15,000 


10,000 


3"> 


5000 


Height  of  Abutment 
(Road  Grade  to  Bottom  of  Foundation) 

Fig.  giA. — Approximate  cost  abutment  masonry.  2  abutments 
and  4  wings  (rt.  angle  spans).  I  beam  stringer  bridges  25  to  45' 
span  (concrete  $18  per  c.y.). 


Approximate  Cost  of  Masonry  in  Bridge  Piers  per  ft.  Length 
of  Pier  Short  Span  Bridges  (Concrete  at  $18  per  c.  y.) 


Height  of  pier  road  grade 

to  bottom  of  foundations 

in  feet 

1 

Length  of  spans  between  piers 

• 

io'                  20' 

1 

30' 

40' 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

$  8.50 
9.30 
10.00 
11.00 

$  14.00 
15.50 
17.00 
18.50 
20.00 
21.50 

$18.00 
20.00 
22  .00 
24.00 
26.00 
28.00 
30.00 
32.50 
35-00 

j 

$20  .00 
22  .70 
25.50 
28.20 
30.80 
33.50 
36.20 
39.00 
42  .00 
45.oo 
48.00 
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'ig.  92. — Extra  length  of  abutment  due  to  skew  angle  of  bridge. 
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NOTE:  For  Skew  Bridge  Wings  Quantities  remain 
constant,  Abutments  are  lengthened. 


Length  = 


Right  Angle  Length 
Cos.  Skew  Angle 


For  Spans  less  than  75 ft.  reduce  Concrete  Quantities  by  10  % 
9000  iiiii — i  i  i  i  |  i  i  i  i  i  i  i  i  j(   i  i  y  i  i?50Q 


15         20        25        30        35 
Hei'gh+ofAbirfmen+,"f+.(roadsurfaceioboHomfoo+ing) 
Class  A  Bridges  24~fi: Roadw*ytAbuhnen+*tt%ng 

H'20  Loading 


30-fr. 


~-Z7'» 


Fig.    93. 


35  Height 
Quarrrities  per  Fh  Length  of  1  Abutment,ff. 
Multiply  by  2  for  c  Abutments 

-Approximate    quantities    of    abutment    masonry    plate 
girder.      Type  of  bridge.      40'  to  ioo'  spans. 
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General    Specifications,    Plate    Girder    Bridge  Abutments 

24'  roadway  girders  27  C.  to  C. 

32'  length  of  abutment  for  rt.<  layout. 

Width  bridge  seat. 

30  to  50'  spans 2.5  feet 

50  to  100'  spans 3.0  feet 

Back  Walls.     18"  wide  on  top. 

24"  wide  at  elev.  bridge  seat. 
Spans  30  to  60  feet. 
30"  wide  at  elev.  of  bridge  seat. 

Spans  60  to   100'  where  roller  bearings 
are  used. 
Top  of  backwall  level  with  bottom  of  bridge  floor  at  fixed  end. 
Top  of  backwall  at  expansion  end  level  with  top  of  floor  and 

notched  for  floor  plate  and  for  approach  pavement. 
Back  walls  reinforced  vertically  and  horizontally 
Wings  24"  wide  on  top  +  3"  for  coping  offset. 
Bridge  seat  18"  thick  +  3"  coping  offset. 
Face  batter  1"  to  2"  in  12". 
Footing  course  at  least  4'  below  stream  bed. 
Toe  extension  as  needed.     Normally  2  ft. 
Width  of  abutment  at  top  of  footing  course  at  least  0.4  h  and 

preferably  0.45  h. 
Width  of  abutment  at  bottom  of  footing  course  normally  0.5  h. 
Rankine's  earth  pressure  formula  used  in  developing  base  pres- 
sure diagrams. 

Diagrams 

Use  equivalent  live  load  surcharge  of  1.5  feet,  in  computing  founda- 
tion pressure. 

Maximum  Foundation  Pressure 

Pile  loads 15  tons  per  pile 

Soil  loads  per  sq.  ft. 

Silt 0.5  tons 

Loam 1 .  o  tons 

Stiff  clay 3-4 

Mixture  clay  and  gravel 2 

Firm  gravel 4-5 

Hardpan 6-7 

Rock 8-20 
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Fig.   94- — Typical  cost  curves  abutment  masonry.      Plate  girder 
bridges.      40'  to  100'  spans. 
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NOTE '.  ForSkew  Angle  Bridges  add  0. 65 piles  per  fh- 
exirot  length  each  abulmenr  for  10  ft.  height.  - 
A  3  piles  per  ft.  each  abutment  30  'height. 
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Fig.  95. — Approx.  number  of  piles  under  girder  abutments. 


s  Top  ofBackwall 

3U"hars 
staggered 
\      \\    verficallu 
\    A  24"c.ioc. 


in  each  row 


Face 

Batter 
i'102" 
in  12" 

Fig.   96. — Typical  seat  and  backwall  long  span  truss  bridge. 
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Variable  depending  on  Span 
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Fig.  97. — General  dimensions  of  piers. 
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*IG.   99. — Approximate   cost   concrete   arch   bridge   spandrels   and 
copings.      Rise  ratio  0.15.      (Concrete  estimated  $35  per  c.y.) 
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Fig.   ioo. — Approximate    costs.     Reinforced    concrete    arch  rings. 
(Concrete  $35  per  c.y.  incl.  steel.) 
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Fig.  ioi. — Approximate  cost  curves.  Concrete  arch.  Bridge 
ibutments.  (Concrete  at  $20  per  cubic  yard.)  Rise  ratio  of 
irch  ring  0.15. 
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General  Specifications,  Reinforced-coxcrete  Arches,  Divi- 
sion 4 

Rock  or  hardpan  foundations: 

Maximum  pressure  hardpan 6  tons  per  square  foot. 

Maximum  pressure  soft  rock 8  tons  per  square  foot. 

Maximum  pressure  hard  rock. .  .  .    10-20  tons  per  square  foot 

Arches  not  recommended  on  pile  foundations  (12  tons  maximum). 
Arches  not  permitted  on  earth  foundations 

Arches  not  permitted  with  bottom  ties  (false  arch)  for  spans  over 
10'. 

Quantity  and  Cost  Diagrams  Based  on  Following  Design 

Assumptions 
(Trial  Empirical) 
Road  grade  2.0'  above  crown  of  arch,  extrados  crown  thickness 
not  less  than  one-sixtieth  of  span  and  varied  to  agree  approximately 
with  Schwada's  formulas  for  highway  arches  (Ketchum,  p.  417). 
Spring  thickness  of  arch  ring: 
3.0  X  crown  thickness  for  rise  ratio  of  0.125. 
2.8  X  crown  thickness  for  rise  ratio  of  0.15. 
2.5  X  crown  thickness  for  rise  ratio  of  0.20. 
2.0  X  crown  thickness  minimum  for  any  condition. 
Curve  of  trial  arch  axis  based  approximately  on   Cochrane's 
formulas  for  filled  spandrel  arches: 

A!'L 

Y  =  — — - —  (C2  +  24  Ch)  (Hool  and  Johnston,  p.  670). 

Minimum  longitudinal  arch  reinforcement  1  %  at  crown. 
Transverse  reinforcement  to  take  full  thrust  of  earth  against 

spandrels  and  never  less  than  0.3%  of  section  area  at  crown. 
Arch  reinforcement  symmetrical. 
Spandrel  walls  cantilever  design  up  to  5  ft.  height. 
Gravity  Spandrels  or  cross  tie  walls  above  5  ft.  height  of  fill. 
Stirrups  J-£"  circular  spaced  twice  the  depth  of  the  arch  ring  at 

crown. 

Umt  Prices 

Excavation  as  given  on  page  661. 

Foundation  and  wing  concrete $20  per  cubic  yard. 

Arch  ring  and  spandrels $35  per  cubic  yard. 

Bar  reinforcement 6  cts.  per  pound. 

Estimate  graphs  prepared  for  following  parts  of  structure: 

1.  Arch  ring  30  to  100'  spans,  0.10  to  0.25  rise  ratio. 

2.  Wings. 

3.  Spandrels. 

4.  Foundations  and  abutments. 

5.  Piers. 

6.  Vertical-axis ordinates for  Cochrane-formula-filled  spandrels, 
different  rise  ratios  (see  p.  1086). 

7.  Table  of  arch  axis  angle  with  horizontal  at  spring  line  for 
different  rise  ratios  (see  p.  1086). 
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OUTLINE   OF  TYP.CAL  BRIDGE  PRELIMINARY  DESIGN  REPORT 

1.  Condensed  recommendations: 

Location  and  skew  angle  of  new  bridge 
Required  waterway  area 
Channel  improvements 
Foundations,  abutments,  and  piers 
Superstructure : 

Type 

Span 

Skew  angle 

Roadway 

Sidewalks 

Provisions  for  pipe  lines  or  cables 

Live  load 

Elevation  of  new  structure 

Camber 
Temporary  bridge  for  maintaining  traffic 
Incidental  items 
Estimated  cost 

2.  Detailed  data  and  discussion. 

a.  Location  and  skew  angle  of  existing  and  proposed  bridge 

b.  Waterway  area  of  bridge: 
Watershed 

Probable,  maximum  run-off 
Normal  flood  flow  velocity 
Ice  and  debris  in  stream 
High-  and  low-water  elevations 
Waterway  area  of  adjacent  bridges  on  the  same  stream 

c.  Channel  conditions  and  required  improvements 
d.  Foundation  conditions 

e.    Condition   of   existing  bridge   and   other   bridges   on   same   stream 

(type  and  suitability) 
/.    Abutments,  piers,  and  superstructure: 

Type  considering  economic  and  esthetic  requirements 

Span  (single  or  multiple) 

Roadway  width  considering  future  traffic  volume. 

Sidewalks  for  pedestrians 

Provision  for  pipe  lines  or  cables 
g.   Temporary  bridge  for  maintaining  traffic 
h.  Incidental  items: 

Rip-rap 

Approaches 
i.    Estimate  of  cost: 

Source  of  materials 

Alternate  estimates  different  types,  widths,  and  loads 


FIELD   INSPECTION   AND    PRELIMINARY   DESIGN   REPORT 

Bridge  29,  Livingston  County 

Bridge  5,  Road  1247 

Sta.  374  +  50A  ± 

Field  Inspection:  by  W.  G.  Harger  and  R.  W.  Anderson 
Preliminary  Survey :  by  R.  W.  Anderson 
Condensed  Recommendation : 

New  road  approach  relocation   (see  general  layout,  Fig.  48,  p.  184) 

Right-angle  structure  recommended 

Required^  waterway  below  elevation  564.0  and  above  538.0  =  5200  sq. 

ft.  minimum. 
River  channel  to  be  improved 
Pile  foundations 

Mass  concrete  abutments  (see  detail  report) 
Superstructure : 

Type — pin  connected  through  steel  truss 

Clear    span     between    abutments,     200'     minimum,     245'    maximum 
(see  detail  report) 
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Skew  angle — no  skew  (right-angle  structure) 

Roadway — departmental  minimum  Class  II  ■  oad 

Sidewalks — not  required 

Pipe  line  and  conduits — none 

Live  load — H-15  or  H-20  suitable 

Elevation  bottom  of  floor  or  truss  steel  568  .0  plus, 

Elevation  roadway  surface 
573  .0  minus. 

Camber — standard    (approximate    12") 
No  temporary  bridge 
Abandon  small  bridges  4  and  6 
Design  of  new  approaches  (see  detail  report) 

Use  concrete  shoulders  and  rip-rap  on  slopes 
Estimated  Cost  (rough  preliminary;  see  detail  report) 

Road  approaches  (215'  span  bridge  C  to  C  bearings $  24,000 

(255'  span  bridge  C  to  C  bearings 23,000 

River  channel  improvement  215'  span  bridge 10,500 

River  channel  improvement  255'  span  bridge 11,000 

Bridge  proper  (see  detail  report) : 

22'  roadway  (one  high  and  one  low  abutment  255'  span 

H-15) : 72,000 

22'  roadway  (two  high  abutments  215'  span  H-15) 80,000 

30'  roadway  (two  high  abutments  215'  span  H-20) 105,000 

30'  roadway  (one  high  and  one  low  abutment  255'  span 

H-20) 102,000 

Total  minimum  cost  (H-15-22'  roadway  250'  span) 105,000 

Total  maximum  cost  (H-20-30'  roadway  215'  span) 140,000 


Detail  Data  and  Discussion 

Location  and  Skew  Angle  of  Bridge. — The  location  of  the  existing  bridge 
is  poor  both  on  account  of  sharp-approach  road  curves  and  poor  flow  con- 
ditions for  the  river,  which  retard  the  natural  flow  and  cause  ice  jams  and 
scour. 

The  attached  general  layout  shows  the  proposed  new  location,  which 
gives  easy  road  alignment  and  a  smooth  flow  for  the  Genesee  River  (see  Fig. 
48,  p.  184).  The  new  location  also  permits  the  use  of  a  right-angle  structure, 
which  is  desirable. 

Required  Waterway  Area. — The  Genesee  River  is  subject  to  quick,  severe 
floods  with  a  large  and  rapid  change  in  depth.  It  annually  overflows  its 
banks  from  Mt.  Morris  to  Rochester  and  floods  the  entire  valley  for  widths 
of  from  y±  to  1^2  miles.  Road  1247  is  often  covered  with  water  from  1.0 
to  2.5'  deep  between  Stas.  300  to  390,  but  these  conditions  rarely  last  over 
from  3  to  7  days  and  usually  occur  only  once  a  year. 

It  has  been  customary  to  design  all  bridges  over  this  part  of  the  river  to 
span  the  natural  channel  with  the  steel  high  enough  to  be  above  ice  jams  or 
floating  debris  (large  trees),  making  no  serious  effort  to  raise  the  approaches 
above  high  water  and  to  force  all  water  under  the  main  channel  bridge. 

Proposed  water  power  storage  dams,  however,  at  Mt.  Morris  and  Portage- 
ville,  which  may  be  constructed  within  10  to  15  years,  will  tend  to  reduce  the 
peak  of  the  floods  and  it  may  easily  become  desirable  to  raise  road  No.  1247 
above  high  water  across  the  river  flats  to  give  uninterrupted  year-around 
service  to  traffic. 

It  seems  desirable  to  provide  for  both  present  and  possible  future  condi- 
tions. Present  conditions  require  a  clear  span  of  approximate  200  to  205' 
to  span  the  normal  channel  at  the  crossing  and  an  elevation  of  bottom  of 
floor  steel  not  lower  than  568.0  to  clear  ice  jams  and  floating  trees. 

Possible  future  flow  conditions  may  be  summarized  as  follows: 

The  Jones  Bridge  gaging  station  of  the  Rochester  Gas  and  Electric  Cor- 
poration located  about  1^2  miles  upstream  records  normal  floods  for  the  last 
16  years  at  24,000  sec. -ft.  approximately.  In  19 16  an  extreme  flood  ran 
46,000  sec.-ft.  for  1  day  and  55,000  sec. -ft.  for  a  short  period  in  that  day. 
The  effect  of  the  proposed  storage  dams  is,  of  course,  problematical,  but  they 
will  certainly  reduce  peak  flows.  According  to  the  engineers  of  the  Gas  and 
Electric  Corporation,  a  future  peak  flow  of  30,000  to  35,000  sec.-ft.  after 
completion  of  the  Mt.  Morris  dam  would  probably  be  a  very  safe  maximum 
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flow  allowance.  It  is  recommended  that  future  maximum  flow  under  the 
bridge  be  based  on  35,000  sec.  at  7'  per  second  requiring  a  minimum  flood-flow 
area  of  approximate  5000  sq.  ft.  This  flood-flow  area  lies  between  Elevation 
538.0  low  water  and  564.0  present  high  water,  which  it  would  be  undesirable 
to  raise  due  to  damage  claims  and  would  require  a  clear  span  of  approximately 
200'.  The  previous  discussion  of  present  condition  requirements  indicated 
that  a  span  of  200  to  205'  was  required  with  a  flood-flow  area  of  5300  sq.  ft. 
between  Elevations  538  and  564,  which  shows  that  any  bridge  satisfactory 
for  present  conditions  should  serve  possible  future  conditions. 

The  present  bridge  on  Road  1247  (No.  5)  has  a  flow  area  of  5300  sq.  ft., 
but  500  sq.  ft.  ±  is  scour  area  below  Elevation  538.0,  making  the  net  effec- 
tive flood-flow  area  4800  sq.  ft.  The  most  recently  constructed  bridge  over 
the  Genesee  River  at  Geneseo,  where  the  watershed  area  is  only  slightly 
greater  than  at  Road  1247,  used  a  span  of  222'  with  a  flood-flow  waterway 
area  of  5000  sq.  ft.  ± . 

Spans  of  Genesee  River  bridges  are  as  follows: 


Bridge 

Clear  span, 
feet 

Food-flow 
area  under 

bridge, 
square  feet 

Bridge  29  (present) 

180  +  130  =.310 
200  to  205  minimum 
174  +  40  =  214 
222 
150 
235 
215 
204 

5300 
5300 
5000 

Bridge  29  (proposed) 

Avon,  Road  5273 

Industry,  Road  1393 

Ballantyne 

Browns  Bridge,  Road  1499 

A  minimum  clear  span  of  200  or  205'  and  a  minimum  waterway  area  of 
5200  sq.  ft.  between  Elevations  538  and  564  should  serve  satisfactorily. 

It  will  be  well  worth  while  to  consider  a  maximum  clear  span  of  240  to 
245'  with  the  west  abutment  on  top  of  the  river  bank.  This  will  undoubtedly 
icheapen  the  bridge,  as  shown  in  the  comparative  estimates  attached,  and 
will  probably  serve  satisfactorily  for  present  conditions,  as  there  is  not  much 
scour  on  the  west  side  of  the  channel.  Considering  the  future  possibility, 
however,  of  forcing  all  the  water  under  the  bridge  at  a  higher  velocity,  it  is 
possibly  safer  to  use  two  high  abutments  and  the  shorter  spans,  although  I 
personally  favor  the  cheapest  first  cost,  as  I  do  not  consider  there  is  much 
probability  of  scour  and  if  it  occurs  it  can  be  stopped  at  a  small  cost. 

Channel  Conditions. — Present  channel  conditions  poor  (see  general  layout 
and  photos).  Current  velocity  is  needlessly  checked;  ice  jams  form  easily 
and  bad  scour  occurs  on  east  bank.  The  material  in  the  banks  is  river  silt 
mderlaid  with  clay.     It  scours  easily. 

The  solution  shown  on  the  general  layout  seems  obvious  and  not  sus- 
eptible  to  much  variation.  Straighten  channel,  rip-rap  east  bank  upstream 
leavily  forat  least  150'  above  the  bridge  and  for  short  distance  below  the 
bridge.  Rip-rap  new  bank  on  west  side  for  at  least  8o'  north  and  south  of 
>ridge.  Use  channel  excavation  for  approach  road  Alls.  As  a  matter  of 
>;  act,  the  channel  excavation  adds  nothing  to  the  total  cost  of  this  project, 
k.s  borrow  for  the  road  approaches  would  have  to  be  made  in  any  case. 

Foundation  Conditions. — Soil  river  silt  and  clay;  piles  required.  The 
>nly  doubtful  point  is  length  of  piles.  It  is  better  to  pay  the  contractor  for 
iye  or  six  test  piles  to  determine  this  item  than  to  waste  money  at  this  time 
(vith  a  well-drilling  outfit  to  test  for  possible  underlying  hardpan,  as  it  is 
mown  from  scour  channel  of  river  that  no  hard  strata  are  high  enough  to  be 
:sed  directly  as  foundation  for  masonry.  For  piles  under  abutment  on  top 
■f  bank  above  low-water  elevation  use  concrete  or  creosoted  piles. 
Condition  of  Existing   Structure. — Poor.     Built  in    1866.     Safe  load,   3 

fans  minus.     Roadway  15.0'.     Spans  180  +  130  =  310'  total.     Abutments 
nd  piers  excellent  masonry.     Reuse  as  plums  in  abutment  concrete  or  as 
p-rap. 
Types  of  Bridges  over  Genesee  River. — All  bridges  from  Mt.  Morris  to 
•  ••  lochester  are  steel-truss  bridges  and  only  two  of  these  bridges  have  piers; 
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these  piers  are  not  central  piers  and  act  in  conjunction  with  short-approach 
spans.      Central  piers  are  not  considered  desirable  on  this  river. 

Abutments,  Piers  and  Superstructure. — Piers  not  suitable  or  economical. 

East  abutment  should  be  a  high  abutment  with  pile  foundations  and  face 
sheeting  to  prevent  undercut  scour.  Mass  concrete  with  20  %  plums  utilizing 
old  masonry  is  advised,  as  this  abutment  will  have  to  take  considerable  pun- 
ishment from  ice,  etc.  Elevation  bottom  concrete  535.0  minus,  which  is 
4'  below  surface  of  low  water. 

West  abutment  can  be  either  high  abutment  at  bottom  of  bank  or  low 
abutment  on  top  of  bank.      Piles  will  be  required  for  either  location. 

Best  type  of  superstructure  probably  steel  through  truss  parabolic  upper 
chord  pin  connected  solid  floor  similar  to  recently  constructed  bridges  at 
Industry,  Ballantyne,  and  Geneseo. 

Design  loading  and  roadway  width  should  be  carefully  considered,  as 
they  result  in  considerable  difference  in  cost  for  this  structure. 

This  road  carried  668  vehicles  1925  traffic  census.  Character  of  traffic 
largely  pleasure  vehicles  (light  motors).  This  is  a  secondary  route  and  there 
is  no  possibility  of  it  ever  exceeding  3000  vehicles  daily  which  can  be  served 
by  a  two-lane  bridge.      No  provision  for  pedestrian  traffic  is  necessary. 

The  A.S.C.E.  recommend  H-15  loading  for  these  conditions  and  a  mini- 
mum 20'  roadway.  The  Hoover  Committee  on  Highway  Safety  recom- 
mends a  minimum  roadway  of  22'  on  account  of  busses  for  these  conditions. 
The  departmental  standards  use  H-20  and  30'  minimum  roadway  which, 
while  they  are  desirable  on  really  heavy-traffic  roads,  cannot  be  considered 
as  necessary  for  this  particular  case. 

Temporary  Bridge. — Not  feasible. 

Road  Approaches. — Concrete  pavement  with  concrete  and  rip-rapped 
shoulders  similar  to  Road  1393,  4.2  %  maximum  grade.  Elevation  of  grade 
across  flat  562.5,  which  is  the  same  as  present  approaches  and  will  not 
increase  ponding  on  upstream  side  of  road  with  consequent  claims. 

Abandon  small  bridges  4  and  6. 

Rough  Comparative  Cost  Estimates  Bridge  29,  Livingston  County; 
Bridge  5,  Road  1247 

Suprestructure : 

215'  span  C  to  C  of  bearings  H-20-22'  roadway $35,000 

215'  span  C  to  C  of  bearings  H-20-30'  roadway 48,000 

215'  span  C  to  C  of  bearings  H-15-22'  roadway 28,000 

215'  span  C  to  C  of  bearings  H- 15-30'  roadway 39,000 

255'  span  C  to  C  of  bearings  H-20-22'  roadway 45,000 

255'  span  C  to  C  of  bearings  H-20-30'  roadway 62,000 

255'  span  C  to  C  of  bearings  H-15-22'  roadway 36,000 

255'  span  C  to  C  of  bearings  H- 15-30'  roadway 50,000 

Abutments  (Steel  and  Masonry  Only) 

($14  per  cubic  yard  and  $0.06  per  lb.  20%  plums  old  masonry) 

Two  high  abutments  (22'  roadway) $35, 000 

Two  high  abutments  (30'  roadway) 39,000 

One  high  and  1  low  (22'  roadway) , 21,000 

One  high  and  1  low  (30'  roadway) 24,000 

Abutment  Piles  and  Sheeting  in  Place 
($1  per  foot,  $80  per  M  ft    B.M.) 
30'  roadway 

Two  high  abutments $10,000  +  1,000  =  $11,000 

One  high  and  one  low 7,000  -f-  1,000  =       8,000 

Abutment  Excavation  and  Backfill 

(Below  Elevation  540  and  back  of  face  of  abutments) 

Two  high  abutments $8,000 

One  high  and  one  low 6,000 

Rough  Estimate  Road  Approaches 

(Same  general  design  as  Industry  River  Flat  Road  1393  concrete  shoul- 
ders, down  to  natural  surface  of  ground  on  light  fills  and  rip-rap  on  higher 
fills.      Borrow  fill  to  be  obtained  from  river  channel  widening.) 
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2 15'  span 


255' span 


Pavement  (concrete  18'  wide)  at  $3.20  per  sq.  yd. 

9"  concrete  shoulders  (reinforced)  at  $3.00.  per 
sq.  yd 

400  cu.  yd.  ±  rip-rap  at  $4  cu.  yd.?° 

Guard  rail  at  Si. 50  per  lin.  ft 

Excavation  500  at  $1 

10,000  cu.  yd.  ±  borrow  fill  (extra  cost  for  plac- 
ing channel  excavation  at  40  cts.) 

Clearing  and  grubbing  L.  S 

Total 


$10,300 

5,400 

1,600 

1,800 

500 

4,000 
500 


$10,000 

5,400 

1,400 

1,700 

500 

3,500 

500 


$24,100 


$23,000 


0  Price  of  rip-rap  not  figured  closely. 

Rough  Estimate  Channel  Improvement 


215'  span 

255' span 

600  cu  yd.  +  excavating  old  masonry  at  $4  b.  .  .  . 
500  cu.  yd.  +  rip-rap  500  1     .  *   ?B 

$  2,400 

2,000 

6,000 
300 

$   2,400 

2,500 

6,000 
300 

700  J        *4 

10,000  cu.  yd.  +  earth  excavation  at  60  cts 

Clearing  and  grubbing,  L.  S 

Total 

$10,700 

$11,200 

- 

6  Old  masonry  used  for  rip-rap  or  for  plums  in  abutment  concrete. 
Note. — Channel  excavation  to  be  used  in  road  approach  fills  or,  if  wasted, 
contractor  to  furnish  other  borrow  at  his  own  expense. 

Photographs  and  detail  study  profiles  and  general  layout  attached. 

Signed 

W.  G.  Harger, 

Bridge  Eng.  Div.  No.  4 
Oct.  31,  1925 


FIELD  INSPECTION  AND  DESIGN  REPORT  BRIDGE  25,  LIVINGSTON 
COUNTY  BRIDGE    1,   ROAD    1247   STA.   24S,  BEARDS    CREEK 

Field  Inspection:  by  W.  G.  Harger  and  R.  W.  Anderson,  Oct.  20,  and  21, 
1925. 

Condensed  Recommendations : 

Location  and  skew  angle  (see  general  layout): 
New  road  approach  center  line. 
Intersection  center  lines  bridge  and  New  Creek  Channel  Sta.  247  -f- 

62  +  . 
Skew  angle  48 °. 
Required  waterway  area:    500  sq.  ft.  minimum. 

540  sq.  ft.  recommended. 
Measured  at  right  angles  to  stream  flow  and  between  Elevations  576.0 
and  585.0. 
Channel  improvements  (see  general  layout) : 
New  outlet  channel  200'  long. 

Cut  off  small  bend  in  east  bank  of  inlet  channel — 250'  above  bridge 
to  straighten  channel. 
Foundations  abutments  and  piers: 

Short  piles  down  to  hardpan  (piles  15'  long  ±). 

Standard  concrete  abutments. 

Piers  are  unsuitable  for  this  bridge. 

Elevation  of  bottom  of  foundation  concrete  571.5. 

Foundation  excavation  will  have  to  be  sheeted  and  pumped. 
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Superstructure: 

Type  steel-plate  girder  (concrete  floor). 

Span  85'  clear  between  faces  of  abutments  go'  ±  C.  to  C.  of  bearings. 

Skew  angle  48°. 

Roadway  departmental  minimum  for  Class  II  road. 

Sidewalks — none  required. 

Pipe  lines  or  conduits — none. 

Live  load — H  15  or  H  20  suitable. 

Elevation  bottom  of  steel  586.5  +  . 

Elevation  of  roadway  surface  500.5  —  • 

Camber — standard  camber. 
Temporary  bridge: 

Should  be  provided  if  this  bridge  is  let  by  a  separate  contract.      If  let 
as  part  of  road  reconstruction  no  temporary  bridge  needed. 

Good  detour  1  mile  extra  distance. 
Incidental  items: 

Rip-rap  approach  fills  ioo'  each  side  of  bridge  on  north  side  of  road 
and  60'  each  side  of  south  side  of  road. 

Future  road  approach  grade  across  valley  587.0. 
Estimated  Cost: 

Estimated  cost  of  new  bridge  and  channel  work  exclusive  of  new 
approaches  as  follows: 

22'  roadway  (minimum $31,000 

30'  roadway  (maximum) 38,000 

Detail  Data  and  Discussion 

a.  Location  and   Skew  Angle   of  Existing  and   Proposed  Bridge. — The 

accompanying  general  layout  and  the  testimony  of  field  indications  and  local 
residents  show  that  the  existing  bridge  is  poorly  located  and  causes  scour  and 
needless  checking  of  flow  and  ice  jams.  The  new  bridge  should  be  moved 
west  about  30  to  35'  and  should  be  constructed  on  a  skew  angle  of  approxi- 
mately 48°. 

b.  Waterway  Area  Required  under  Bridge. — Watershed  30  sq.  miles 
classed  as  midway  between  rolling  and  hilly  country. 

Probable  maximum  flood  3500  sec. -ft. 

Probable  flood  velocity  of  flow,  using  actual  stream  channel  cross-section  and 
slope  of  stream  6  to  8'  per  secondbased  on  Church's  diagrams,  Kutter's  formula. 

Flow  area  under  bridge  based  on  3500  sec. -ft.  at  7'  per  second  should  be 
safe — 500  sq.  ft.  minimum. 

Waterway  area  of  other  bridges  on  stream  are  not  of  much  value,  as  con- 
ditions of  flow  are  entirely  different.  They  are  tabulated  as  follows  and 
indicate  in  a  general  way  that  it  is  desirable  to  use  about  540  sq.  ft.  under  this 
bridge. 

Waterway  Area  of  Adjacent  Bridges  over  Beards  Creek 


Location 

Span 

Waterway 
area,  effec- 
tive at  right 

angles  to 
stream  flow, 
square  feet 

Road  ap- 
proaches, 
overflow 
area,  square 
feet 

Total 

area, 

square 

feet 

Skew 
feet 

Effec- 
tive 
right 

angle 
feet 

Bridge  number  25... 

Combined  four 
bridges    of    Beards 
Creek  branches  up- 

86' 

55± 

84 
41 

50 
40 

460  + 

470 
300 

350 
540' 

Indefinite 

Indefinite 

480 
300 

Indefinite 
Indefinite 

First    bridge    down- 

Second  bridge  down- 
stream  Pennsyl- 

Indefinite 
Indefinite 

Third   bridge  down- 
stream, road  12476. 

0  These  bridges  are  admittedly  too  small. 

6  Back  water  from  river  reduces  value  of  these  data. 
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c.  Channel  Conditions. — Slope  of  stream,  0.25%.  Present  channel  very 
crooked  at  bridge  site  and  needs  straightening  (see  general  layout).  Large 
amount  of  ice  which  jams  due  to  crooked  channel.  Proposed  channel 
straightening  shown  on  general  layout  approximate  900  cu.  yd.  excavation. 
It  is  impracticable  to  lower  channel  under  bridge  below  elevation  576.0. 

d.  Foundation  Conditions. — Light  soil  underlaid  with  hardpan  or  shale  at 
elevation  562  ±  .  Present  abutments  on  short  piles  down  to  hardpan.  Short 
blunt  end  piles  down  to  hard  pan  recommended  figured  for  15  tons  per  pile. 

e.  Condition  of  Existing  Bridge  25  and  Other  Adjacent  Bridges  over 
Beards  Creek.  Bridge  25. — Concrete  abutments  in  fair  condition,  86' 
clear  span,  steel  pony  truss  plank  floor.  15'  roadway.  Steel  in  poor  con- 
dition.     Safe  load  4  tons  figured  by  W.  G.  Harger. 

Bridge  25  should  be  condemned  as  soon  as  funds  become  available  for 
rebuilding. 

Six  bridges  over  this  creek  are  concrete-slab  structures  and  two  are 
single-span  steel  trusses  or  girders.  One  bridge  has  a  central  pier  and  has 
not  been  satisfactory  due  to  scour  and  ice  jams.  Central  piers  are  appar- 
ently not  desirable  on  this  stream. 

/.  Abutments,  Piers,  and  Superstructure. — Piers  are  undesirable  on  this 
stream. 

For  a  single-span  bridge  on  pile  foundations,  the  plate  girder  type  is 
economical,  and  for  this  location  appearance  has  no  weight  in  the  decision. 
A  plate  girder  with  solid  floor  is  recommended. 

Considering  the  facts  that  it  is  impracticable  to  lower  the  stream  bed  and 
undesirable  to  raise  high-water  elevation  on  account  of  flooding  road  across 
flat,  a  span  of  57'  at  right  angles  to  stream  flow  is  recommended,  which 
requires  85.0'  clear  span  between  faces  of  abutments  measured  parallel  with 
proposed  new  road  center  line.  This  will  give  a  waterway  area  of  513 
sq.  ft.  measured  at  right  angles  to  stream  flow  below  Elevation  585.0,  which 
is  present  high  water. 

Road  1247  is  a  Class  II  highway  which  carried  668  vehicles  according  to 
traffic  census  of  1925.  Making  ample  allowance  for  future  growth,  this 
road  will  be  amply  served  with  a  two-lane  bridge  requiring  a  minimum 
roadway  of  22'. 

Sidewalks  are  not  required  nor  is  any  provision  necessary  for  pipe  lines, 
conduits,  or  electric  trolley  tracks. 

Considerable  heavy-unit  trucks  use  this  road,  which  warrants  an  H-20 
oading,  although  H-15  would  probably  serve  satisfactorily. 

Bottom  of  steel  girders  or  floor  of  superstructure  should  be  at  Elevation 
586.5  or  higher. 

Road  grade  590.5  or  as  much  lower  as  possible  so  long  as  the  bottom  of 
steel  is  not  less  than  586.5. 

g.  Temporary  Bridge. — Good  detour  1  mile  extra  distance. 

Temporary  bridge  recommended  in  case  this  bridge  is  let  as  a  separate 
contract.  No  necessity  in  case  it  is  included  in  a  reconstruction  road 
contract. 

h.  Incidental  Items. — Approach  fills  to  be  rip-rapped.  Approach  align- 
ment changed  to  eliminate  reverse  curve  east  of  bridge  and  to  ease  up  west 
approach.  New  tangent  advised  from  Sta.  244  of  present  road  to  253  + 
50+   with  easy  curves  at  244  and  253. 

*.  Estimate  of  Cost.- — Rough  appropriation  estimates  of  cost  are  as 
ollows,  using  H-20  loading: 


Minimum, 
22'  roadway 


Maximum, 
30'  roadway 


Superstructure 

Abutments  and  piles 

Excavation 

Channel  cleaning. . . . 
Temporary  bridge.  . . 
Right  of  way 

Totals 


$13,500 

13,300 

2,500 

700 

1.500 

500 


$18,300 

15.000 

3.000 

700 

1.500 

500 


$32,000 


$39,000 


Signed 
Bridge  Engr. 
Div.  No.  4 
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Longitudinal  drainage  covers  the  normal  road-section  ditch, 
special  creek  channels,  the  protection  of  ditches  from  scour  on  steep 
grades,  the  use  of  storm  water  sewers  on  long  grades  where  it  is  not 
possible  to  get  rid  of  the  surface  water  by  diversion  from  the  road, 
and  driveway  culverts. 

Carrying  Capacity  of  Ditches. — It  is  desirable  to  use  as  shallow 
and  small  a  road  ditch  as  possible  on  the  score  of  both  safety  and 
economy  of  grading  (see  sections  p.  143).  All  ditches  will  clog  more 
or  less  in  the  winter  with  snow  and  ice,  so  that  the  size  of  the 
ordinary  road  ditch  is  more  a  matter  of  judgment  based  on  exper- 
ience than  it  is  of  figures.  Intercepting  ditches  carrying  the 
run-off  from  considerable  areas  should  be  figured,  using  run-offs 
similar  to  culvert  design  methods. 

Creek  channels  and  intercepting  ditch  capacities  can  be  figured. 
Church's  diagrams  of  Kutter's  formulas  using  a  value  of  N  =  0.035 
furnish  a  quick,  easy  method  of  approximately  the  required  size 
(see  Table  52,  p.  195). 

In  order  to  give  a  fairly  definite  idea  of  the  limitations  of  the  use 
of  the  shallow  and  medium  road  ditches  shown  in  Fig.  102,  the 
following  conditions  are  outlined.  As  a  rule,  the  capacity  of  the 
roadway  ditch  is   taxed   by  short,   sharp  summer  showers.     As 

•    c    SHALLOW  ROAD  DITCH  %   MEDIUM  ROAD  DITCH 

I   Water  Level. 
Cryivn  Grade  ^       |d* 


4  fepfh  of  Water 
12" 


Fig.  102. 


Y~ifi0'~f         \i2"0epth 
V 14-0- ~  »  of  Water 


previously  discussed,  it  is  desirable  to  use  special  intercepting  ditches 
if  much  water  flows  from  the  adjacent  lands  onto  the  road  right  of 
way.  Assuming  that  this  has  been  done,  the  road  ditch  proper 
carries  the  water  from  only  one-half  the  road  section  plus  the  area 
of  back-cut  slopes  or  small  areas  of  farm  land.  The  run-off  from 
the  pavement  proper  is  about  80  to  90%  of  the  rainfall  for  showers 
of,  say  10-min.  duration.  The  run-off  from  the  shoulders  and 
backslopes  is  perhaps  60%  under  favorable  conditions.  An  average 
run-off  of  about  75  to  80%  of  the  rainfall  for  the  area  of  one-half 
the  total  right-of-way  width  can  be  assumed.  This  means,  as  a 
rule,  that  the  shallow  ditch  should  not  be  used  for  more  than  400' 
from  a  summit  or  below  a  ditch  relief  culvert  on  flat  grades  nor 
more  than  8oo'  on  moderate  grades.  Current  practice  recognizes 
this  general  principle  by  the  use  of  deeper  and  larger  ditches  in 
flat  country  than  in  rolling  country.  The  medium  ditch  will 
serve  satisfactorily  for  at  least  2000'  from  summits,  provided  it 
does  not  carry  side  land  run-off. 

To  give  a  rough  idea  of  the  carrying  capacity  of  the  ditches 
condensed  Table  59  is  given  for  a  few  ordinary  cases. 
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Table  59. — Approximate  Carrying  Capacities  and  Velocities 

oe  Flow,  Ordinary  Road  Ditches 

Grassed  Over 


Grade 

of 
road 

ditch, 
per 
cent 

Shallow  ditch 
(Fig.  102) 

Medium  ditch 
(Fig.  102) 

Velocity, 
feet 

Capacity 
second- 
feet 

Depth  water,  12" 

Depth  water,  6" 

Velocity, 
feet 

Capacity 
second- 
feet 

Velocity, 
feet 

Capacity 
second- 
feet 

1 .0 
2  .0 
30 
4.0 
5-0 
6.0 
7-0 
8.0 
9.0 
10. 0 

0.7 
1 . 1 
1.3 

1.5 
1.7 
1.8 
2.0 
2  .2 
2.3 
2.5 

0.4 
0.7 
0.8 
0.9 

1 .0 

1 . 1 

1 .2 
1.3 
i-4 
1.5 

2  .0 
3-0 
3-6 
4.2 
4.8 
5.3 
5-6 
6.0 
6.5 
7.0 

4.0 

6.0 

7.2 

8.4 

9-6 

10.6 

11 .2 

12 .0 

130 

14.0 

1 . 1 
1.7 
2  .0 
2.3 
2.6 
2.8 
3-1 
3-4 
3.6 
3-8 

0.5 
0.8- 

1  .0 
1 .2 
1.3 
1.4 
1.5 
1.7 
1.8 
1.9 

Protection  of  Ditches  from  Scour. — The  rate  of  grade  at  which 
ditch  protection  from  scour  is  advisable  depends  on  the  soil  and 
velocity  of  flow;  the  velocity  of  flow  depends  on  the  shape  of  ditch 
and  volume  of  water. 

Soils  scour  at  approximately  the  following  velocities: 

Sand 2-3     '  per  second 

Loam 2-3 )4!  per  second 

Firm  gravel 5-6     '  per  second 

Table  59  is  inserted  to  show  in  a  general  way  the  effect  of  shape 
of  ditch  and  depth  of  flow  on  velocity  and  indicates  that  ditch 
protection  must  be  provided  at  lower  rates  of  grade  for  a  large 
than  for  a  small  flow.  This  agrees  with  current  practice,  which 
favors  the  use  of  cobble  or  cement  gutter  at  approximately  the 
following  rates  of  grade. 

Current  Practice  in  Ditch  Protection. — Where  the  volume  of  flow 
is  less  than  1.0  sec.-ft,  ditch  protection  is  not  needed  on  hills  less 


'Easy  Qraefe 


Profile  Culvert' 

Fig.   103. 

than  7%  grades.  Where  the  volume  of  flow  exceeds  this  amount, 
ditch  protection  is  advisable  on  sandy  or  loam  soils  on  grades 
steeper  than  3%  and  in  firm  gravel  on  grades  of  5%  or  greater. 
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This  means  that,  as  a  rule,  on  steep  grades  some  kind  of  gutter 
is  desirable  for  ditches  more  than  200  to  300'  from  a  summit  or 
below  a  ditch  relief  culvert.  It  is  practically  impossible  to  carry 
a  large  volume  of  water  down  a  steep  grade,  so  that  every  effort 
should  be  made  to  divert  the  flow  above  the  grade  or  remove  it 
from  the  surface  by  ditch  relief  culverts  or  storm  sewers. 


~:Sand 
Cushion 

K— so"- H 

(Sand-Cushion  not  Required  in  Sandy  Soil 
Size  of  Stone  5-9") 
Cobble  Gutter. 


3'0"-~*'H 


Third.Class  Concrete 
Ditch   Lining. 


K-—  3'p"—  -H 
1  (Usual  Width)\ 
Concrete  orSand Foundation)  Grouted 

or  Sand  Joints. 
Brick  Gutter. 


No.4  Crushed  Stone 
O/tch  Protection. 

Fig.  104. 

Where  ditch  protection  is  used  it  is  good  practice  to  carry  it  for  at 
least  200'  along  the  road  after  the  foot  of  the  steep  grade  is  reached, 
and  preferably  to  the  first  culvert  below  the  grade  in  question, 
as  scour  often  occurs  through  stopping  the  protection  too  closely 
to  the  bottom  of  the  steep  grade. 

Cobble  gutter  with  cement  joints  on  grades  over  6%  and  sand  or 
gravel  joint  filler  on  grades  less  than  6%  where  the  volume  of  flow  is 
not  large  make  probably  the  best  design,  as  they  tend  to  retard 
the  velocity  of  flow. 
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The  smooth  concrete  ditch  lining  is  not  usually  satisfactory  on 
steep  grades  but  is  allowable  if  the  cobble  gutter  is  not  available. 

Storm  Sewers  on  Hills. — Where  it  is  impossible  to  divert  the 
water  from  the  surface  on  long  hills  a  storm-sewer  system  is  some- 
times used. 

Catch-basin  inlets  are  constructed  at  intervals  of  200  to  400'. 

The  sizes  of  pipe  are  figured  for  probable  run-off  in  the  same 
manner  as  for  culverts  using  formulae  from  Table  46,  page  188  with 
a  coefficient  c  of  approximately  0.6.  Table  60  gives  a  rough 
approximation  of  the  carrying  capacity  of  different  sized  pipes 
laid  on  different  grades. 

Table  60. 1 — Approximate  Flow  Capacity  in  Cubic  Feet  per 

Second 


Value  of  N  = 

O.OI3 

Capacity  of  flow  of  different  sized  pipes 

Grade, 
per  cent 

12" 

IS" 

18" 

20" 

24" 

36" 

o.S 

2.4 

4.4 

7-5 

9-5 

16.0 

42.0 

1 .0 

3 

3 

6.3 

10.5 

14.0 

23.0 

60.0 

1.5 

4 

2 

7-6 

13.0 

17.0 

27.0 

75.0 

2.0 

4 

8 

8.8 

15.0 

19.0 

31.0 

86.0 

3-0 

5 

8 

II. 0 

18.0 

24.0 

39.0 

105.0 

4.0 

6 

5 

130 

22.0 

27.0 

46.0 

122.0 

5-0 

7 

3 

14.0 

24.0 

30.0 

51.0 

137.0 

6.0 

8 

I 

15.0 

26.0 

33-0 

56.0 

150.0 

7.0 

8 

8 

16.0 

27.0 

35-0 

60.0 

162  .0 

8.0 

95 

17.0 

28.0 

38.0 

65.O 

173-0 

1  Computed  from  diagram  in  Ogden's  "Sewer  Design. 
Figures  105  and  105A  give  typical  catch-basin  and  simple  manhole  designs 
for  a  sewer. 


Vi   todVvw. 


-,fc 


flmnifesr. 


Upset 
Endi 
OfBars 
andflat- 
tentog 


OKthn. 
1 

Wrought  Iron. 


Standard 
Qratinq' 


3'Di'am.     *- 
Circular  Ogeninq 

Manhole 


Sfandara* 
Onat/ng 


Leaching  Baain. 


Fig.   105. — Drop  inlets  and  catch  basins. 
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Minimum    permissible    storm-sewer    grades    to    insure    against 
clogging  are  given  in  Table  61. 

Table  61. — Minimum  Grades  for  Storm  Sewers  to  Prevent 
Objectionable  Clogging 


Diameter  of  pipe, 
inches 

Minimum  permissible 
grade,  per  cent0 

12 

15 
18 

24 
30 
36 
42 
48 

0.34 
O.  24 
O.18 
O.  12 
O.O9 
O.O7 

0055 
O.O45 

a  Velocity  of  flow,  half  full  =  2.5'  per  second. 

Driveway  Culverts. — Culverts  under  drives  cause  more  drainage 
troubles  than  any  other  feature,  as  they  are  usually  constructed  by 
the  property  owner  instead  of  being  included  in  the  road  contract. 

It  is  an  amusing  fact  that  private  farm  bridges  over  streams  or 
road  ditches  are  notoriously  small.  Each  owner  seems  to  think 
that  water  will  get  under  his  drive  in  a  small,  cheap  structure,  and 
the  same  man  who  says  that  a  road  structure  is  too  small  will  build 
a  bridge  or  driveway  sluice  just  below  this  structure  that  he  has  been 
kicking  about  and  make  it  from  one-tenth  to  one-half  as  large  as  the 
main  drainage  structure  unless  he  is  prevented  by  law  which  is 
enforced  by  highway  officials. 

The  size  of  the  structures  should  be  fixed  on  the  road  plan  and 
designed  from  the  same  standpoint  as  a  culvert  or  bridge. 

Cheaper  types  of  structure  are  suitable,  as  they  can  be  readily 
replaced  without  tearing  up  the  pavement. 

Corrugated  metal  pipe,  vitrified  tile,  or  reinforced-concrete  tile 
are  suitable,  but  no  matter  how  little  water  is  carried  the  size  of 
driveway  culvert  should  not  be  less  than  a  12"  pipe  on  account  of 
maintenance  difficulties.  These  culverts  are  properly  placed  in  the 
ditch  line  at  normal  ditch  grade  and,  as  a  rule,  12'  length  is  about 
the  minimum  that  will  be  at  all  satisfactory. 

UNDERDRAINAGE 

The  purpose  of  underdrains  on  hard-surfaced  roads  is  to  intercept 
the  ground  water  before  it  reaches  and  softens  the  subgrade.  On  a 
side-hill  road  the  drain  is  usually  placed  under  the  ditch  on  the  uphill 
side  (see  Fig.  106,  position  1),  where  the  greatest  depth  can  be 
obtained  with  the  least  excavation  and  where  the  water  is  caught  as 
it  flows  out  of  the  hill. 

Some  engineers  place  the  drain  in  position  2  (Fig.  106),  but  this 
requires  more  excavation  for  the  same  depth  and  for  side  seepage  is 
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not  so  effective.     The  usual  depth  for  drains  is  3  to  4  ft.  below  the 
surface. 

Where  the  road  is  on  a  descending  grade,  the  water  will  flow  out  of 
the  hill  directly  under  the  stone  and  the  drain  is  placed  as  in  Fig.  107, 


Direction 
of  Seepage 


Fig.   106. 


Position  1  is  the 


position  1,  or  two  drains  are  built  in  position  2. 
usual  practice,  being  cheaper  and  more  effective. 

Two    side    drains    are   effective.     In   case   the   throat   becomes 
clogged,  a  side  drain  can  be  taken  up  without  disturbing  the  mac- 


Pas  it/on  ffo.2 


adam.  This  rarely  occurs  in  a  center  drain,  as  it  is  better  protected 
than  those  in  position  2  and  in  case  the  center  drain  does  clog,  side 
drains  can  be  constructed  at  any  time. 

There  are  two  kinds  of  drain  in  general  use  (Fig.  108). 


Backfill^ 
No.  4  Stone-: 


W-to'-a 


No.  2  Stone  orOmveh 
FarmTile -.Joints 
Wrapped  in  Burlap  L0  " 


— *—  *  V^-Open  Throat 
HO* 


Fig.   108. 

No.  1  is  built  entirely  of  stone  with  an  open  throat  roughly  laid 
as  shown;  it  is  satisfactory  in  water-bearing  strata  of  gravelly 
loam  or  clay,  but  does  not  work  so  well  in  quicksand,  which  is  liable 
to  fill  it  up.     It  is  generally  cheaper,  however,  than  No.  2. 

No.  2  is  built  of  porous  farm  tile  or  vitrified  tile  of  a  suitable  size 
(usually  3  to  6")  with  open  joints,  wrapped  with  a  double  or  triple 
layer  of  burlap;  the  pipe  is  surrounded  and  covered  with  clean  gravel 
or  %"  crushed  stone  to  a  depth  of  6",  the  remaining  depth  of  the 
trench  being  filled  with  large  stone.  If  this  drain  has  a  good  fall 
and  the  outlet  is  kept  free,  it  will  rarely  clog  even  in  bad  quicksand. 
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Tlie  following  method  has  been  successfully  used  to  prevent  the 
outlet  from  clogging;  after  being  brought  out  from  under  the  mac- 
adam, the  drain  is  continued  under  and  across  the  ditch  line;  then, 
keeping  outside  the  ditch  line,  and  using  a  slightly  smaller  gradient 
than  that  of  the  open  ditch,  the  tile  is  continued  down  the  hill  until 
it  reaches  a  point  8  or  9"  below  the  ditch  grade.  Here  it  is  turned 
into  the  open  ditch  through  a  small  concrete  headwall  and  what  little 
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material  it  tends  to  deposit  is  washed  down  the  ditch  by  the  surface 
water  (see  Fig.  109).  The  lowest  rate  of  grade  advisable  for  under- 
drains  is  3"  per  ioo'. 

Summary  of  Chapter. — The  present  bridge  situation  demands 
attention,  as  even  in  the  richer  states  it  is  often  lagging  behind  the 
improvement  of  the  roads.  The  separation  of  bridge  and  highway 
funds  and  the  lack  of  central  control  often  result  in  the  ridiculous 
situation  of  a  modern  road  limited  in  use  by  antiquated  bridge?. 

Road  pavements  can  be  strengthened  from  year  to  year  by 
increasing  their  thickness  and  by  the  construction  of  better  surfaces 


CONCLUSION  341 

on  top  of  existing  improvements,  but  structures  must  be  rebuilt 
entire  to  increase  their  strength,  and  for  this  reason  more  foresight 
in  regard  to  future  traffic  must  be  exercised  in  their  design.  A  liberal 
allowance  for  increased  loads  is  desirable.  Liberality  in  size  of 
waterway  for  culverts  is  also  good  policy,  as  it  adds  only  slightly  to 
the  cost  and  materially  decreases  the  difficulties  of  maintenance. 

The  design  of  drainage  must  be  complete  and  reasonable,  and  if 
the  existing  scheme  is  not  feasible  it  should  be  changed  regardless  of 
lawsuits  as,  whenever  an  improvement  is  made,  it  is  always  cheaper 
to  correct  mistakes  at  that  time  than  it  will  be  at  a  later  date,  as 
every  year's  use  fixes  the  channels  more  firmly. 

The  selection  of  type  and  utilization  of  parts  of  existing  struc- 
tures offer  the  greatest  chances  for  reasonable  economy  in  culvert 
and  bridge  design. 


CHAPTER  V 

EARTH,    SAND-CLAY,    GRAVEL,    AND    MISCELLANEOUS 
LOW-TYPE  ROADS 

Introduction. — Roads  of  the  type  discussed  in  this  chapter  form 
the  groundwork  of  future  high-class  pavements  and  represent  the 
greater  percentage  of  mileage  of  roads  in  this  country  see  page  42. 
They  are  entitled  to  more  engineering  supervision  than  they  have 
received  in  the  past;  that  is,  they  should  be  improved  by  a  series  of 
well-thought-out  related  steps  of  progressive  improvement  (page  2). 

These  types  of  construction  are  the  initial  steps  in  final  road, 
improvements  and  serve  gradually  to  pull  traffic  "out  of  the  mud." 
They  are  the  only  types  which  can  be  reasonably  built  in  sparsely 
settled  pioneer  districts  or  agricultural  districts  of  low  assessed 
valuation.  Earth  and  sand-clay  roads  can,  however,  be  classed  only 
as  temporary  makeshifts  under  adverse  weather  conditions  (5 
months  in  the  year)  on  account  of  softening  in  wet  weather.  Gravel 
roads  serve  very  well  as  a  final  stage  of  improvement  for  local  roads 
carrying  light  traffic,  provided  they  are  made  thick  enough  to  handle 
2)^2 -ton  trucks  the  year  round.  Maximum  traffic  volumes  for  the 
gravel  type  are  discussed  on  page  353  and  for  all  types  of  road  have 
been  indicated  in  a  broad  general  way  in  Chap.  I  (p.  6). 

The  following  table  from  Agg's  "Construction  of  Roads  and 
Pavements"  reinforces  the  discussion  of  traffic  limits  for  the  low- 
type  roads.  It  can  be  readily  seen  that  these  types  are  suitable 
for  a  large  percentage  of  the  road  improvements  in  the  United 
States  (1926). 
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Table  62. — Average  Daily  Traffic  Limits  in  Massachusetts 

Table  showing  results  of  observations  of  traffic  on  different  types  of  road 
surfaces  in  Massachusetts.  Standard  road,  15  ft.  in  width;  gravel  or  water- 
bound  macadam,  5  or  6  in.  in  thickness,  with  adequate  drainage  and  proper 
foundation,  with  3-ft.  gravel  shoulder  on  each  side. 


Type  of  Surface 

Light 

Teams, 

Carriages, 

Wagons 

Heavy 

Teams, 

One-horse 

Heavy 
Teams, 
two  or 
more 
Horses 

Automobiles 

A  good  gravel  road  will  wear 
reasonably     well     and     be 
economical  with 

50-75 

25-30 

10-15 

50  to  75 

Needs  to  be  oiled  with 

50-75           25-30           10-15 

Over  75 

Oiled    gravel,    fairly    good, 
heavy  cold  oil,    ^   gal.   to 
the  sq.  yd.  applied  annually 
with 

75-100 

30-50 

20 

500  to  700  or 
more 

Waterbound   macadam   will 
stand  with 

175-200  j    175-200 

60-80 

Not  over  50 
at  high  speed 

Cold   oil   or  tar   will   prove 
serviceable  on  such  macad- 
am with 

17^—200       175—200 

60-80 

50-500 

Macadam   will   then   stand, 
but    the    stone    wears,    of 
course,  with 

175-200 

175-200   j      60-80 

500  or  more 

'Waterbound  macadam  with 
hot    asphaltic    oil    blanket 
will  be  economical  with .... 

100-150 

50-75 

25-30 

1500    and 

more  with 

fewer  teams 

And  stand  at  least 

50  trucks 

But   will   crumble   and   per- 

(On  narrow  tires,  ice,  farm 
and  wood  teams,  etc.) 

150               75 

30 

*Waterbound  macadam  with 
a  good   surface  coating  of 
tar  (>2  gal.  to  the  sq.  yd.) 
will  stand  with 

100-150 

50-75 

25-30 

1500   or  more 

(But  requires  to  be  recoated 
annually  with  Y±  gal.  of  tar 
per  sq.  yd.) 

It  is  assumed  that  all  road  surfaces  are  kept  constantly  patched,  that  be- 
fore applying  bitumen  the  road  surface  is  cleaned  and  patched,  and  the 
bitumen  covered  with  pea  stone  and  sand  or  gravel  and  kept  covered  so  that 
it  never  picks  up. 

*  Authors'  Note. — One  coat  penetration  bituminous  macadam  will  stand 
any  number  of  light  autos  and  more  steel  tire  or  truck  traffic  than  shown 
above,  because  it  takes  the  wear  more  directly  and  has  no  blanket  coat  which 
crumbles  under  such   traffic. 
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EARTH  ROADS 

Rut  Roads. — The  simplest  form  of  road  is  the  so-called  rut  road 
used  in  the  arid  regions  of  New  Mexico  and  the  Southwest.  They 
are  constructed  by  clearing  the  right  of  way  of  brush  and  then 
cutting  two  shallow  parallel  ruts  in  the  surface  vegetation  or  soil 
crust  by  means  of  two  cutting  irons  gaged  to  fit  the  ordinary  wagon 
track.  A  wagon  trail  of  this  kind  can  be  constructed  for  $10  to 
$30  per  mile,  can  be  used  by  autos  with  fair  comfort  at  speeds  up  to 
15  m.p.h.,  and  on  the  flat  mesas  of  this  district  are  more  lasting 
and  satisfactory  than  the  ordinary  turnpiked  section,  as  so  little 
rain  falls  that  an  elevated  fill  grade  does  not  consolidate  and  is 
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worse  than  useless  for  traffic.  On  these  rut  roads  any  rain  storms 
that  occur  wash  the  coarser  particles  of  the  soil  into  the  ruts  and 
gradually  an  armored  track  is  formed  below  the  general  elevation  of 
the  mesa.  No  drainage  structures  are  necessary  where  construction 
of  this  type  is  adopted. 

Earth  Roads. — The  same  principles  of  grade,  section,  and 
drainage  apply  to  this  class  of  road  as  to  the  higher  types  except  that 
the  surface  ditches  are  generally  made  slightly  deeper  and  more 
care  is  taken  with  the  underdrainage ;  this  is  necessary  as  the  earth 
road  becomes  more  easily  saturated  with  water  than  types  which 
are  sealed  over  on  the  surface.  If  the  natural  soil  is  good  road 
material,  such  as  gravel,  disintegrated  rock,  hardpan,  or  sandy 
loam,  this  type  of  construction  carefully  graded,  drained,  and 
shaped  by  blader  finish  and  maintained  by  dragging  makes  a  satis- 
factory road  for  light  traffic.  Their  cost  depends  on  the  amount  of 
grading  required  and  the  methods  that  can  be  used.  The  cost  of 
drainage  culverts,  incidentals,  etc.  will  vary,  but  will  run  about 
$600  per  mile  for  good  work. 

Simple  blade-machine  turnpiking,  where  the  dirt  from  the  ditches 
made  the  center  fill,  cost  (in  districts  similar  to  Wyoming  1914- 
1915)  about  $150  per  mile.  The  same  work  at  present  (1918)  is 
bid  off  for  about  $200  per  mile.  A  fair  relative  price  for  first-class 
work  of  this  kind,  including  drainage  and  incidentals,  can  be  placed 
at  $600  to  S800  per  mile. 
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In  rolling  country  requiring  grade  reductions  by  cut  and  fill  and 
wagon  haul,  a  fair  relative  price,  including  drainage  and  incidentals, 
is  approximately  $2000  to  s$4ooo,  where  no  rock  is  encountered. 

In  mountain-road  work  where  the  excavation  runs  anywhere 
from  1000  to  30,000  cu.  yd.  per  mile  with  a  large  percentage  of  rock  the 
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Fig.   in. — U.  S.  Bureau  of  Public  Roads  standard  mountain  earth 
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cost  will  run  anywhere  from  $1000  to  $25,000  per  mile.  A  fair 
average  for  such  conditions  is  $5000  to  $8000  per  mile  (1922  cost 
conditions). 

As  previously  stated,  it  is  entirely  a  matter  of  required  grading. 
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Current  practice  in  earth-road  sections  is  shown  in  the  following 
figures  and  also  in  Chap.  Ill  (pp.  146  to  171). 

Mountain  roads Fig.  n  1  (p.  345). 

Iowa  standards Fig.  112  (p.  346). 

Pennsylvania  standards Fig.  113  (p.  346;. 

Current  practice  in  grading  and  finishing  is  given  in  the  typical 
specifications  (p.  1444). 

Earth-road  maintenance  is  discussed  in  Chap.  VII.  The  cost 
ranges  from  $20  to  $200  per  mile  per  year  and  for  ordinary  condi- 
tions probably  averages  about  $50  to  $100.  Where  it  rises  above 
these  amounts  a  better  grade  of  surface  is  generally  constructed. 

Where  the  soil  is  not  a  good  road  material  the  surface  is  improved, 
by  artificial  mixtures  of  selected  soil  or  by  surfacing  with  gravel, 
chert,  disintegrated  granite,  slag,  shell  cinders  etc. — in  fact,  any 
local  material  that  gives  body  to  the  surface  and  prevents  softening 
during  the  wet  season. 

SAND-CLAY  ROADS 

A  poor  earth  road  can  be  very  materially  improved  by  the  so-called 
sand-clay  surfacings.  A  well-selected  proportioning  of  sand  and 
clay  increases  the  resistance  of  a  poor  earth  road  both  to  traffic  wear 
and  to  softening  due  to  moisture.  A  sand-clay  surface  cannot,  of 
course,  be  considered  as  a  satisfactory  all-year-round  road  for  heavy 
load,  but  it  is  the  easiest  and  cheapest  means  of  increasing  the  ease 
and  comfort  of  travel  for  a  large  part  of  the  year,  and  this  type  of 
road  has  had  considerable  popular  approval,  particularly  in  the 
southern  states.  It  is  economically  justified  for  light  volume  of 
traffic  in  financially  poor  districts  where  good  road  gravel  is  not 
available.  Sand-clay  construction  is  not  advised  in  the  northern 
states  where  gravel  is  available. 

Typical  sand-clay  crowns,  widths,  and  thicknesses  are  shown  in 
Fig.  114  and  in  Chap.  Ill  (pp.  147  and  148). 

The  cost  of  surfacing  with  sand  clay  varies,  as  any  form  of  con- 
struction, with  labor,  length  of  haul,  cost  of  materials,  etc.,  but 
generally  adds  from  15  to  35  cts.  per  square  yard  to  the  cost  of  an 
earth  road.  A  fair  comparative  figure  would  add  $1500  to  $2500 
per  mile  for  a  16'  width  over  earth  roads  and  costs  about  the 
same  as  earth-road  maintenance.  Specifications  for  sand  clay  are 
given  on  page  351. 

Proportioning  of  Soil  Mixture. — Where  the  natural  soil  is  clay 
the  resisting  power  of  the  surface  during  wet  weather  can  be 
increased  by  the  addition  of  sand.  Where  the  natural  soil  is  deep 
sand  the  surface  can  be  made  firm  and  resilient  by  the  addition  of 
clay.  The  so-called  sand-clay  treatment  aims  to  provide  a  surface 
layer  of  mixed  sand  and  clay  about  10  to  12"  deep  (see  Fig.  114, 
Alabama  Standards),  in  which  the  sand  forms  the  body  and  the 
clay  just  fills  the  voids  in  the  sand  and  acts  as  a  binder.  It  can  be 
readily  seen  that  different  materials  will  require  different  propor- 
tioning of  the  sand  and  clay.     The  only  sure  way  to  get  the  best 
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results  is  by  experiment  on  the  road  during  construction,  but  to  give 
an  idea  of  the  approximate  proportioning  the  following  list  of  recom- 
mended mixes  is  taken  from  the  "Good  Roads  Year  Book"  of  the 
American  Highway  Association,  191 7. 
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Fig.   114. — Typical  sand  clay  road,  State  of  Alabama. 


"The  grains  of  which  sand  is  composed  are  usually  hard  and  tough  and 
able  to  resist  abrasion  if  held  securely  in  place.  In  an  asphalt  pavement 
they  are  held  by  the  asphalt  and  a  wearing  surface  of  great  resistance  to 
abrasion  results.  In  a  sand-clay  road  they  are  bound  together  by  clay  in  a 
less  firm  manner  but  one  giving  excellent  results  on  well-drained  roads  carry- 
ing light  traffic.  The  aim  of  the  builder  of  such  a  road  is  to  employ  just 
enough  of  the  stickiest  clay  at  his  command  to  fill  the  pores  of  the  sand  and 
to  mix  these  materials  together  so  thoroughly  that  there  are  neither  lumps 
of  clay  nor  pockets  of  loose  sand  left  in  the  surfacing.  This  gives  the  max- 
imum  amount   of  hard  sand  to  carry  the  traffic  and  the  minimum  amount 
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of  clay  to  bind  it.  More  sand  makes  a  less  durable  road  and  more  clay- 
makes  one  which  becomes  soft  more  rapidly  when  wet. 

"There  is  a  great  difference  in  the  value  of  different  clays  for  such  work. 
Some  of  them  become  dough-like  when  mixed  with  a  certain  amount  of  water 
and  can  be  molded  into  objects  which  retain  their  shape  after  drying.  If 
these  molded  objects  are  immersed  in  water  they  will  retain  their  form  for  a 
long  time.  These  varieties  are  called  'plastic  clays'  and  the  most  plastic 
are  called  'ball  clays.'  Other  varieties  fall  to  pieces  more  or  less  quickly 
when  wet,  as  quicklime  does,  and  they  are  therefore  called  'slaking  clays.' 
They  are  more  easily  mixed  with  sand  than  the  plastic  clays,  but  they  have 
much  less  binding  power  and  a  road  built  with  them  is  less  durable  when 
dry  and  more  easily  rutted  when  wet.  The  amount  of  clay  to  be  used  can 
be  determined  by  a  simple  field  test  described  as  follows  by  Andrew  P. 
Anderson: 

"  'From  typical  samples  of  each  of  the  available  clays,  test  mixtures,  varying 
by  one-half  part,  are  made  with  the  sand  so  that  each  clay  is  represented  by 
a  set  of  mixtures  ranging  by  successive  steps  from  one  part  sand  and  three 
parts  clay  to  four  parts  sand  and  one  part  clay.  These  are  worked  up  with 
water  into  a  putty-like  mass  and  from  each  mix  two  equal  quantities  are 
taken  and  rolled  between  the  palms  of  the  hands  into  reasonably  true  spheres, 
labeled,  and  placed  in  the  sun  to  dry.  When  thoroughly  baked,  a  set  of 
spheres  representing  any  one  clay  is  placed  in  a  flat  pan  or  dish  and  enough 
water  poured  gently  into  the  pan  to  cover  them,  care  being  taken  not  to  pour 
the  water  directly  on  the  samples.  Some  samples  will  begin  to  disintegrate 
immediately.  Those  breaking  down  most  slowly  contain  most  nearly  the 
proper  proportion  of  sand  and  clay  for  the  particular  materials.  The  rela- 
tive binding  power  of  the  various  clays  may  then  be  determined  by  com- 
paring the  hardness  and  resistance  to  abrasion  of  the  various  dry  samples 
having  the  correct  proportion  of  sand  and  clay,  as  determined  by  the  water 
tests.'  " 

"In  February,  1917,  representatives  of  21  state  highway  departments  of 
the  U.  S.  Office  of  Public  Roads  recommended  the  following  mixtures  for 
hard,  medium,  and  soft  classes  of  sand-clay  roads. 

"Hard  Class. — Clay,  9  to  15%;  silt,  5  to  15%;  total  sand,  65  to  80%; 
sand  retained  on  a  60-mesh  sieve,  45  to  60%. 

"Medium  Class. — Clay,  15  to  25%;  silt,  10  to  20%;  total  sand,  60 
to  70%;  sand  retained  on  a  60-mesh  sieve,  30  to  45%. 

"Soft  Class. — Clay,  10  to  25%;  silt,  10  to  20%;  total  sand,  55  to  80%; 
sand  retained  on  a  60-mesh  sieve,  15  to  30%. 

"By  clay  is  meant  material  separated  by  subsidence  through  water  and 
possessing  plastic  or  adhesive  properties;  it  is  generally  below  0.0 1  mm.  in 
diameter.  By  silt  is  meant  the  fine  material  other  than  clay  which  passes 
a  200-mesh  sieve  and  is  generally  from  0.07  to  0.01  mm.  in  diameter.  By 
sand  is  meant  the  hard  material  which  passes  a  10-mesh  and  is  retained  on  a 
200-mesh  sieve,  and  is  generally  from  1.85  to  0.07  mm.  in  diameter." 

The  larger  part  of  the  following  explanation  of  the  construction 
of  sand-clay  roads  was  prepared  by  W.  S.  Keller,  State  Engineer  of 
Alabama,  where  many  miles  of  sand-clay  roads  have  been  built 
and  are  giving  good  satisfaction. 

"Every  farmer  who  lives  in  a  section  of  country  where  both  sand  and  clay 
are  prevalent  is  more  than  likely  traveling  over  a  section  of  natural  sand-clay 
road  but  is  ignorant  of  the  fact.  He  can  call  to  mind  some  particular  spot 
on  the  road  he  travels  though  it  may  not  be  more  than  ioo'  in  length,  that 
is  always  good  and  rarely  requires  the  attention  of  the  road  hands.  Good 
drainage  will  be  noticed  at  this  place,  and  if  he  takes  the  trouble  to  investigate 
he  will  find  that  a  good  mixture  of  sand  and  clay  form  the  wearing  surface. 
If  this  100'  of  road  is  always  good,  then  the  entire  road  can  be  made  like  it, 
provided  man  will  take  advantage  of  the  lesson  taught  by  nature  and  grade 
the  road  so  that  the  drainage  will  be  good  and  surface  the  balance  of  the 
road  with  the  same  material.  If  it  is  not  possible  to  find  the  ready-mixed 
surfacing  material  convenient  to  the  road,  it  may  be  possible  to  find  the  two 
ingredients  in  close  proximity.  In  case  the  road  after  grading  shows  an 
excess  of  sand,  clay  should  be  added,  or  in  case  clay  predominates,  sand 
should  be  added  to  produce  good  results.  There  are  four  general  ways  in 
which  sand-clay  roads  may  be  built: 
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"i.  Ready-mixed  sand  and  clay  placed  on  clay,  sand,  or  ordinary 
foundation. 

"2.  Sand  and  clay  placed  on  soil  foundation  and  mixed. 

"3.   Clay  hauled  on  a  sand  foundation  and  mixed  with  the  sand. 

"4.  Sand  hauled  on  a  clay  foundation  and  mixed  with  clay.  Taking  up 
the  various  methods  in  order: 

"  1.  A  natural  mixture  of  sand  and  clay  can  often  be  found  where  the  two 
materials  are  found  separate.  The  most  important  point  is  to  know  the 
natural  mixture  when  seen.  The  very  best  guide  to  this  is  to  find  a  natural 
piece  of  good  road.  A  sample  from  the  best  of  this  section  will,  by  com- 
parison, indicate  what  is  required,  close  to  the  road  to  be  surfaced.  This 
natural  mixture  of  sand  and  clay  can  be  noticed  where  red  clay  and  sand  crop 
out,  usually  well  up  in  the  hills,  having  ditches  and  cuts  the  appearance  of 
red  sandstone.  A  good  stratum  of  well-mixed  sand  and  clay  will  stand 
perpendicular  in  cuts  and  ditches,  resisting  erosion  almost  as  well  as  sand- 
stone. A  test  of  the  best  natural  sand-clay  mixtures  will  show  the  sand 
forms  about  70  %  of  the  whole.  The  test  is  very  simple.  Take  an  ordinary 
medicine  glass,  measure  2  oz.  of  the  mixture  into  the  glass,  and  wash  out  the 
clay.  Dry  the  remaining  sand  and  measure  again  on  the  medicine  glass. 
The  loss  will  be  the  amount  of  clay  originally  contained  in  the  mass. 

"Before  placing  any  sand  clay  on  the  road,  the  road  should  be  graded  to 
the  desired  width.  The  surface  of  the  graded  road  should  be  flat  or  slightly 
convex.  The  sand  clay  should  be  put  on  from  8  to  12"  in  thickness,  depend- 
ing on  the  character  of  the  subgrade  or  foundation.  With  a  hard  clay  for 
foundation,  8"  of  sand  clay  will  suffice.  If  the  subgrade  is  sand,  it  is  well 
to  put  on  as  much  as  12"  of  the  surfacing  material.  After  a  few  hundred 
feet  of  surfacing  material  has  been  placed,  a  grading  machine  should  be  run 
over  it  to  smooth  and  crown  the  road  surface  before  the  top  becomes  hard 
and  resists  the  cutting  of  the  blade.  It  is  a  good  plan  to  turn  the  blade 
of  the  machine  so  as  to  trim  the  edges  of  the  surface  part,  discharging  the 
excess  sand  and  clay  onto  the  earth  shoulders.  After  one  round-trip  with 
the  blade  turned  out,  the  remaining  dress  work  with  the  machine  should  be 
with  the  blade  turned  in,  with  the  exception  of  one  trip  down  the  center  of 
road  with  the  blade  at  right  angles  to  the  axis  of  the  road  for  the  purposes  of 
distributing  any  excess  of  material  left  in  the  center. 

"After  the  machine  work,  it  is  well  to  follow  with  a  drag,  which  smooths 
any  rough  places  left  by  the  machine  and  leaves  the  road  with  a  smooth, 
even  surface.  A  sand-clay  road,  unlike  other  roads,  cannot  be  finished  in  a 
short  space  of  time.  It  can  be  left  in  an  apparently  finished  condition  with  a 
hard,  smooth  surface,  but  it  will  be  found  on  close  examination  that  the  hard 
surface  is,  in  reality,  only  a  crust,  below  which  there  are  several  inches  of 
loose  material.  After  the  first  hard  rain  the  crust  softens,  the  road  becomes 
bad,  and  the  work  appears  to  be  a  failure.  This,  however,  is  just  what  is 
needed  to  make  it  eventually  good.  After  the  surface  has  dried  until  the 
mass  is  in  a  plastic  state,  it  should  be  dragged  until  the  surface  is  once  more 
smooth,  with  proper  crown,  and  should  be  kept  this  way  by  dragging  at 
least  once  a  day  until  the  sun  has  baked  it  hard  and  firm.  The  mistake  of 
keeping  traffic  off  during  this  process  of  resetting  should  not  be  made.  The 
continuous  tamping  of  the  wheels  of  wagons  and  hoofs  of  horses  is  just 
what  is  needed  to  compact  the  sand  clay  into  a  homogeneous  mass.  The 
ordinary  roller  is  not  very  effective  in  this  work,  but  corrugated  rollers  have 
given  excellent  results.  One  type  which  is  widely  used  has  18  cast-iron 
wheels  weighing  300  lb.  each,  which  compress  the  bottom  of  the  mixture 
first.  As  the  material  becomes  more  and  more  compact  the  wheels  ride 
higher  and  finally  the  surface  is  so  hard  that  the  roller  does  not  sink  into  it 
it  all.  A  drag  is  an  indispensable  machine  in  the  construction  of  any  kind 
of  sand-clay  road. 

"2.  Sand  and  clay  placed  on  a  soil  foundation  and  mixed.  This  is  neces- 
sary where  the  old  road  had  neither  a  sand  nor  clay  foundation  and  it  is 
impossible  to  find  the  two  ingredients  ready  mixed,  but  possible  to  get  both 
in  separate  state  near  at  hand.  The  clay  should  first  be  placed  on  the  road 
to  a  depth  of  4"  and  the  required  width.  It  is  not  wise  to  place  more  than  a 
few  hundred  lineal  feet  of  clay  before  the  sand  is  hauled,  as  the  clay  rapidly 
hardens  and  makes  the  mixing  process  difficult.  After,  say,  400'  of  clay 
have  been  placed,  the  clay  should  be  broken  by  means  of  a  plow  and  harrow, 
if  it  has  become  hard,  and  sand  to  a  depth  of  6"  placed  on  it.  This  should 
be  plowed  and  harrowed  in  thoroughly.  This  is  best  done  immediately 
after  a  rain,  as  the  two  can  be  more  satisfactorily  mixed.  The  traffic  aids 
the  mixing  and  should  be  encouraged  on  the  road.     After  the  mass  appears 
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to  be  well  mixed,  the  road  should  be  properly  shaped,  as  previously  explained. 
The  road  should  be  given  watchful  attention  and,  should  sand  or  mud  holes 
appear,  a  second  plowing  and  mixing  should  be  given  it. 

"3.  Clay  hauled  on  a  sand  foundation  and  mixed  with  sand.  The  mixing 
process  is  similar  to  that  described  under  the  second  head.  It  is  only  neces- 
sary to  add  that,  as  the  foundation  is  sand,  a  little  more  clay  will  be  necessary 
than  where  the  foundation  is  of  clay  or  soil. 

"4.  Sand  hauled  on  a  clay  foundation  and  mixed  with  clay.  The  clay 
foundation  should  be  plowed  to  a  depth  of  4"  and  harrowed  with  a  disk  or 
tooth  harrow  until  the  lumps  are  thoroughly  broken  or  pulverized.  Sand 
should  then  be  added  to  a  depth  of  6"  and  mixed  as  before  described. 

"Sand  and  clay  can  be  mixed  best  when  wet,  but  as  most  road  construction 
is  done  in  the  summer  months,  it  is  necessary  to  do  most  of  the  mixing  dry 
and  keep  the  road  in  shape  after  the  first  two  or  three  rains,  while  the  passing 
wagons  and  vehicles  give  the  road  final  wet  mixing.  A  sand-clay  road  is  the 
cheapest  road  to  maintain,  since  it  can  be  repaired  with  its  own  material, 
with  a  drag  or  grading  machine,  ruts  can  be  filled  with  material  scraped  from 
the  edges,  whereas  on  gravel  or  macadam  roads  this  is  not  possible.  The 
repairing  of  these  roads  can  be  done  almost  exclusively  with  the  drag,  only 
enough  hand  work  being  required  to  keep  the  gutters  open  and  the  growth 
of  weeds  cut  on  the  shoulders.  Holes  are  repaired  by  adding  more  sand  clay 
and  when  many  of  them  appear,  fresh  sand  clay  should  be  spread  over  the 
surface  of  the  road.  If  the  road  gets  into  really  bad  condition,  the  roadbed 
should  be  plowed  up,  reshaped,  and  fresh  sand  clay  added.  This  is  unnec- 
essary where  the  road  is  maintained  properly  and  the  travel  is  not  too  heavy 
for  this  type  of  construction." 

Top  Soil  or  Sand-clay  Surface  (Alabama  State  Specifications) 

"Description. — Upon  the  subgrade,  prepared  as  hereinbefore  specified, 
shall  be  constructed  a  top  soil  or  sand-clay  surface  of  the  cross-section  and 
compacted  thickness  shown  on  the  plans. 

"Surfacing  Material. — The  surfacing  material  shall  consist  of  top  soil  or 
natural  sand  clay  obtained  from  the  fields  or  pits  designated  by  the  engineer, 
and  as  near  the  right  of  way  as  practicable,  or,  in  the  event  that  it  is  imprac- 
ticable to  secure  suitable  top  soil  or  natural-mixed  sand  clay,  the  surface 
shall  consist  of  an  artificial  mixture  of  sand  and  clay,  the  materials  for  which 
artificial  mixture  shall  be  obtained  from  places  designated  by  the  engineer. 
Before  any  surfacing  material  is  used  it  shall  first  have  been  approved  by  the 
engineer.  The  surfacing  material  shall  be  free  from  trash  or  other  foreign 
matter  and  contain  no  stones  or  boulders  that  would  fail  to  pass  a  1J-2" 
ring.  Should  any  such  non-road-building  material  be  placed  on  the  road,  it 
shall  be  removed  by  the  contractor  at  his  own  expense. 

"The  fields  or  pits  from  which  the  surfacing  material  is  to  be  obtained  will 
be  furnished  by  the  county  free  of  charge  to  the  contractor,  but  the  con- 
tractor must  provide  and  maintain  at  his  own  expense  all  necessary  roads  for 
hauling  the  surfacing  material  to  the  road. 

"Construction  Methods.  Case  1. — Where  the  surfacing  material  consists 
of  either  top  soil  or  natural  sand  clay  that  has  been  approved  for  use  without 
the  admixture  of  any  other  material,  it  shall  be  evenly  spread  on  the  subgrade 
to  such  depth  that,  when  compacted,  the  surface  will  have  the  compacted 
thickness  shown  on  the  plans.  The  material  shall  be  dumped  on  the  sub- 
grade  in  longitudinal  rows  containing  not  more  than  H  cu.  yd.  to  10  lineal 
ft.  and  the  number  of  rows  shall  be  such  that  when  the  material  is  spread 
the  desired  cross-section  and  thickness  of  surface  will  be  obtained.  After 
sufficient  material  has  been  dumped  in  this  way  for  100  to  200'  of  road 
surface,  and  before  any  part  of  the  rows  has  commenced  to  pack,  it  shall 
be  spread  approximately  to  the  required  cross-section  and  harrowed  to  secure 
uniformity.  The  spreading  may  be  done  by  hand  or  with  a  road  machine  in 
the  following  manner:  (1)  The  machine  shall  be  run  over  the  road  with  the 
blade  set  so  as  to  scrape  off  the  tops  of  the  piles  and  fill  in  the  spaces  between. 
(2)  The  outside  edges  shall  be  gone  over  with  the  blade  set  so  as  to  pull  the 
top  soil  or  sand  clay  toward  the  center.  (3)  The  grading  machine  shall  be 
run  oyer  the  shoulders  so  as  to  pull  the  shoulder  material  up  against  the 
surfacing  material  and  thus  bring  the  entire  road  surface  approximately  to 
the  required  cross-section.  The  surface  portion  of  the  road  shall  then  be 
harrowed  with  either  a  tooth  or  disc  harrow  until  uniform  density  is  secured, 
after  which  the  road  shall  be  brought  to  the  required  cross-section  and  so 
maintained  until  accepted.  The  shaping  or  reshaping  of  the  surface  shall  be 
undertaken  only  when  the  weather  conditions  are  such  that  the  loosened 
surfacing  or  shoulder  material  will  be  readily  compacted  by  traffic  to  form  a 
well-bonded  surface. 
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"Case  2. — When  the  surfacing  material  is  to  consist  of  an  artificial  mix- 
ture of  sand  and  clay,  made  by  mixing  the  material  of  the  roadbed  with 
sand  or  clay  from  some  other  source,  the  construction  shall  proceed  in  the 
following  manner: 

"  I.  The  surface  of  the  roadbed  shall  be  thoroughly  loosened  by  plowing 
and  narrowing  to  a  depth  of  from  4  to  8",  according  to  the  nature  of  the  two 
materials  to  be  mixed,  and  as  the  engineer  may  direct. 

"2.  The  material  to  be  added  shall  be  dumped  and  spread  in  the  manner 
described  for  Case  1. 

"3.  The  added  material  shall  be  thoroughly  mixed  and  incorporated  with 
the  material  of  the  roadbed.  The  mixing  shall  be  done  by  means  of  plow- 
ing and  harrowing  and  shall  continue  until  the  engineer  is  satisfied  that  the 
two  materials  are  thoroughly  mixed  in  proper  proportion.  A  part  of  this 
mixing  shall  be  done  when  the  road  is  wet  so  that  the  surface  will  be  puddled. 

"4.  If,  after  mixing  the  two  materials  as  described  above,  a  deficiency  of 
the  added  material  is  apparent  at  any  point,  suchdeficiency  shall  be  imme- 
diately corrected  by  spreading  more  of  the  material  at  that  point  and  con- 
tinuing the  mixing  as  above  described. 

"5.  After  the  mixing  is  complete,  as  above  specified,  the  road  shall  be 
shaped  and  maintained  as  provided  in  Case  1,  except  that  wherever  a  poor 
mixture  is  observed  it  sha'ilbe  corrected  by  additional  mixing  or  by  adding 
necessary  material  and  mixing. 

"Case  3. — When  the  surfacing  material  is  to  consist  of  an  artificial  mixture 
of  sand  and  clay,  both  of  which  materials  are  to  be  obtained  from  without 
the  road,  the  construction  shall  proceed  in  the  following  manner: 

"1.  The  materials  shall  be  spread  in  successive  layerson  the  road  and 
mixed  in  place.  The  engineer  will  determine  the  order  in  which  the  two 
materials  shall  be  spread,  as  well  as  the  depth  of  layer  for  each  material. 

"2.  The  dumping  and  spreading  of  the  materials  shall  be  done  as  specified 
for  Case  1. 

"3.  The  mixing  of  the  two  materials  and  the  maintaining  of  the  road  shall 
be  done  as  specified  for  Case  2. 

"Basis  of  Payment. — The  contract  price  per  cubic  yard  for  top  soil  or 
natural  sand-clay  surfacing. material  shall  be  full  compensation  for  loosening, 
loading,  spreading,  and  harrowing,  and  for  hauling  the  surfacing  material 
1  mile  or  less,  as  well  as  for  shaping  and  maintaining  the  surface  true  to  cross- 
section  until  the  road  is  accepted.  In  the  case  of  an  artificially  mixed  sur- 
face the  materials  brought  onto  the  road  will  be  paid  for  at  the  contract 
price  per  cubic  yard  for  top  soil  or  natural  sand-clay  surfacing  material, 
which  will  include  all  the  items  mentioned  above  except  harrowing,  and  the 
contract  price  per  square  yard  for  mixing  will  be  full  compensation  for  all 
necessary  harrowing,  plowing,  or  other  mixing.  Measurement  of  all  top 
soil  or  sand-clay  surfacing  materials  will  be  made  in  trucks,  wagons,  or  cars, 
as  it  is  delivered  on  the  road,  except  that  where  the  surfacing  material  is 
hauled  in  scrapers  or  shoveled  on  to  the  road  it  will  be  measured  compacted 
in  place  on  the  road. 

"Stripping  of  surfacing  material  pits  will  be  paid  for  at  the  contract 
price  for  common  excavation. 

"The  bid  price  for  overhaul  of  sand  clay  will  be  allowed  on  all  sand-clay 
materials  necessarily  hauled  a  greater  distance  than  1  mile.  The  method  of 
determining  overhaul  will  be  in  all  respects  similar  to  that  provided  for 
determining  overhaul  in  the  case  of  crushed-stone  surfaces." 

GRAVEL  ROADS 

A  coarse,  well-graded  gravel  is  the  most  satisfactory  material 
for  a  cheap  year-round  road.  It  gives  body  to  the  traveled  track, 
binds  well,  rides  easily,  and  with  a  consolidated  depth  of  8  to  20" 
holds  all  ordinary  loads  after  it  is  well  consolidated.  For  wheel 
pressures  and  depths  of  metaling  see  Chap.  VI  (p.  391)- 

Cost. — Pit-run  gravel  varies  in  cost  from  75  cts.  to  $3.50  per 
consolidated  cubic  yard  in  place,  screened  gravel  from  $1.50  to 
$4  per  consolidated  cubic  yard.  Gravel  surfacing  adds  approxi- 
mately $2000  to  $6000  per  mile  to  the  cost  of  an  earth  road  in  the 
same  location  and  a  fair  comparative  price  for  this  type,  including 
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drainage  and  incidentals,  ranges  from  $4000  to  $10,000  per  mile 
(1926  cost  conditions).  Maintenance  is  discussed  in  Chap.  VII. 
The  cost  has  a  wide  range  from  $100  to  $600,  depending  on  the 
volume  of  traffic  and  degree  of  perfection  of  maintenance.     As  a 
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general  rule,  where  the  maintenance   cost   exceeds   $400  to 
per  year  it  is  advisable  to  build  a  better  grade  of  pavement. 

General  Suitability. — At  the  present  time  50%  of  the  mileage 
of  surfaced  roads  in  the  United  States  are  gravel  roads.  They  are 
suitable  for  volumes  of  traffic  up  to  350  to  400  vehicles  daily. 
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Beyond  this  limit  they  often  become  rough  on  account  of  so-called 
rhythmic  corrugations  which  are  difficult  to  control.  Gravel  has 
been  utilized  as  a  temporary  expedient  up  to  2000  to  3000  vehicles 
daily,  but  it  cannot  be  advised  for  any  such  amount  of  traffic. 
Oiling  with  a  light  cold  asphaltic  oil  or  cold  tar  is  resorted  to  under 
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Fig.   117. — Typical  gravel  road  section,  State  of  Minnesota. 

moderately  heavy  automobile  traffic.  No  gravel  road  should  be 
oiled  till  at  least  a  year  old,  so  that  it  may  be  completely  consoli- 
dated and  firmly  bound.  The  surface  must  be  well  cleaned  of 
excess  fine  dust  and  the  oil  applied  in  two  or  three  successive  light 
coats  of  approximately  }£  gal.  per  square  yard  at  intervals  of  2  or 
3  months.     It  takes  more  than  one  application  to  give  even  moder- 
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ately  good  results,  as  the  clay  and  loam  in  the  road  tend  to  prevent 
the  formation  of  a  good  bond  between  the  oil  and  gravel,  but  if 
persistent  treatment  is  adopted  this  method  increases  the  power  of 
gravel  roads  to  withstand  touring-car  traffic,  but,  of  course,  does 
not  increase  their  structural  strength  or  make  them  suitable  for 
heavy-unit  freight  hauling.  An  official  report  on  page  360  illus- 
trates the  economic  use  of  gravel  as  compared  with  higher-priced 
pavements  for  special  conditions  even  on  primary  state  highways. 
Figures  115  to  117  and  Chap.  Ill  (p.  147)  show  usual  practice. 
Table  74  (p.  391)  gives  required  depths  for  different  loads  on 
different  soils. 

Construction  Essentials. — Gravel  roads  are  hard  to  consolidate 
quickly  and  need  careful  and  continuous  attention  to  prevent  the 
formation  of  ruts,  holes,  or  humps.  They  cannot  be  built  by  merely 
dumping  loose  gravel  on  the  road  and  then  hoping  that  traffic  will 
put  it  in  shape.  A  large  mileage  has  been  built  on  this  principle 
and  the  results  are  shameful.  A  successful  gravel  road  requires 
careful  selection  of  the  gravel,  careful  spreading,  careful  consolida- 
tion, and  constant  maintenance.  Current  practice  is  shown  in 
typical  Specifications  (pp.  357  and  1452);  the  essential  features  will 
be  summarized  at  this  point. 

Size  of  Gravel 

Gravels  suitable  for  road  wTork  are  widely  distributed  over  the 
country.  They  occur  in  bank  deposits  and  in  stream  beds.  The 
prime  requisite  of  a  gravel  for  foundation  courses  is  that  it  contain 
a  large  percentage  of  coarse  pebbles  to  give  body  and  distribute  the 
wheel  loads.  The  prime  requisite  for  a  surfacing  gravel  is  hardness 
of  the  stone  and  well-graded  coarse  and  fine  particles  which  will 
take  the  wear  evenly  and  bond  well.  Pit-run  gravel  varies  greatly 
as  to  size  and  composition  even  in  a  single  pit,  and  for  this  reason 
no  definite  limits  can  be  well  set  for  the  proportion  of  sizing.  In 
general,  it  can  be  said  that  for  foundation  courses  any  coarse  gravel, 
which  when  screened  through  a  %"  mesh  contains  less  material 
passing  the  screen  than  retained  on  it,  can  be  successfully  manipu- 
lated without  screening  to  remove  the  excess  sand.  In  some  locali- 
ties this  limit  is  not  feasible  on  account  of  excessive  fine  material 
and  the  limit  of  fine  material  passing  a  }?£"  mesh  is  placed  at  60%, 
but,  in  reality,  a  gravel  of  this  fineness  does  not  produce  satisfac- 
tory results  and  a  road  on  which  it  is  used  becomes  more  nearly  a 
sand-clay  construction  than  a  gravel  type.  For  a  top  course  the 
large  stone  above  1%"  in  size  should  be  screened  out,  and  if  pit-run 
gravel  is  used  the  sand  passing  the  %"  mesh  should  not  exceed 
40%  of  the  volume.  The  most  satisfactory  top  is  a  screened  gravel, 
but  this  adds  materially  to  the  cost.  Where  screened  gravel  is 
used  }4  to  3"  is  satisfactory  size  for  the  bottom  course  and  %  to 
\}4."  f°r  the  top  course  with  a  light  surface  wearing  coat  of  sand 
ranging  from  pea  size  up  to  %"  in  diameter.1 

1  There  is  some  tendency  to  reduce  maximum  size  of  top-course  gravel  to 
1 3-4  or  even  1". 


356  SELECTED  SOIL  AND  GRAVEL  ROADS 

The  following  specification  has  been  recommended  by  the  Com-    | 
mittee  on  Materials  of  the  A.S.C.E. 

"Two  mixtures  of  grayel,  sand,  and  clay  shall  be  used,  hereinafter  desig- 
nated in  these  specifications  as  No.  i  product  (for  top  course)  and  No.  2 
product  (for  middle  and  bottom  courses). 

"Number  1  product  shall  consist  of  a  mixture  of  gravel,  sand,  and  clay, 
with  the  proportions  of  the  various  sizes  as  follows:  all  to  pass  a  i}?£"  screen 
and  to  have  at  least  60  and  not  more  than  75  %  retained  on  a  }-£"  screen; 
at  least  25  and  not  more  than  75  %  of  the  total  coarse  aggregate  (material 
over  3-i"  in  size)  to  be  retained  on  a  2£"  screen;  at  least  65  and  not  more  than 
85  %  of  the  total  fine  aggregate  (material  under  ^"  in  size)  to  be  retained 
on  a  200-mesh  sieve. 

"Number  2  product  shall  consist  of  a  mixture  of  gravel,  sand,  and  clay, 
with  the  proportions  of  the  various  sizes  as  follows:  all  to  pass  a  2%"  screen 
and  to  have  at  least  60  and  not  more  than  75  %  of  the  total  coarse  aggregate 
to  be  retained  on  a  1"  screen,  at  least  65  and  not  more  than  85  %  of  the  total 
fine  aggregate  to  be  retained  on  a  200-mesh  sieve." 

Bonding  Properties. — Clean  gravel  will  not  bond  well.  A  small 
percentage  of  clay,  loam,  or  lime  dust  is  desirable  and  necessary. 
This  per  cent  ranges  from  10  to  20%.  For  bottom  course,  pit-run 
gravel  which  contains  over  20%  of  clay  or  loam  should  not  be  used; 
from  10  to  15%  gives  the  best  results.  For  top  course,  10%  is 
about  the  maximum  clay  or  loam  allowable,  particularly  if  it  is  to  be 
treated  with  bitumen.  Many  so-called  cementitious  gravels  of 
lime  rock  contain  or  produce  under  traffic  a  first-class  rock-dust 
binder  of  the  highest  grade.  Clay  or  loam  can  be  added  to  a  clean 
gravel  by  mixing  at  the  pit  or  by  placing  a  thin  layer  of  such  mate- 
rial over  the  gravel  as  spread  on  the  road  and  mixing  it  with  the 
course  during  consolidation. 

Spreading. — Gravel  must  be  uniformly  spread;  there  are  two 
general  methods — the  trench  spread  (Fig.  115)  and  the  feather-edge 
spread  (Figs.  116  and  117).  The  trench  spread  is  not  so  likely  to 
break  down  at  the  edges  as  the  feather-edge,  but  this  can  be 
remedied  by  a  wider  spread  where  the  feather-edge  method  is  used. 
In  either  case  the  depth  should  be  uniform  and  the  surface  properly 
crowned.  Gravel  should  not  be  dumped  in  piles;  it  should  be 
spread  along  in  windrows  or  in  sheets  with  Manger  spreader 
and  the  spreading  finished  by  shoveling,  raking,  or  by  road 
machine  blade  scrapers.  If  pit-run  gravel  is  used,  the  course  should 
be  harrowed  to  distribute  the  sizes  uniformly.  The  ratio  of  com- 
pacted to  loose  depth  is  approximately  1.2  or  1.25.  that  is,  a  loose 
depth  of  8"  will  compact  to  about  63^".  If  screened  gravel  is  used, 
the  filler  should  be  added  before  the  course  is  rolled. 

Consolidation. — Consolidation  is  the  hardest  feature  of  pit-run 
gravel  construction.  Detail  methods  are  described  under  Gravel 
Foundations  (p.  432).  A  combination  of  traffic  and  roller  consoli- 
dation while  the  gravel  is  moist  gives  the  best  and  quickest  consoli- 
dation, although  traffic  alone  will  put  it  down  firmly  if  given  time 
and  the  shape  is  kept  intact  by  constant  dragging  with  a  hone  or 
road  machine.  The  Minnesota  Specifications  show  the  method 
employed  where  a  road  roller  is  not  used. 
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Minnesota  Specifications 
Graveling 

"Description. — Graveling  shall  be  construed  to  mean  all  surfacing  with 
pit-run  gravel,  screened  gravel,  or  crushed  rock,  or  crushed  rock  screenings 
built  in  two  or  more  successive  courses. 

"Materials. — All  materials  shall  be  of  a  quality  approved  by  the  engineer 
and  shall  be  the  best  obtainable  from  the  specified  pit  or  quarry.  Materials 
for  the  first  course  shall  contain  no  stone  which  would  be  retained  on  a  screen 
having  2)4."  openings.  Materials  for  the  second  course  shall  contain  no 
stone  which  would  be  retained  on  a  screen  having  1"  openings.  If  available 
material  contains  an  excess  of  sand,  such  excess  shall  be  handled  as  provided 
by  special  specification  for  each  job  or  project. 

"Subgrade. — The  cross-section  of  the  subgrade  shall  be  shown  on  the 
standard  cross-section  accompanying  the  plans.  Graveling  upon  a  wet 
muddy  roadbed  will  not  be  permitted.  If  the  graveling  is  not  done  in  con- 
junction with  the  grading  as  a  part  of  the  same  contract,  the  subgrade  for 
the  full  length  of  the  job  embraced  in  the  graveling  contract  shall,  before 
being  graveled,  be  dressed  by  the  county  to  the  cross-section  above  men- 
tioned. Thereafter,  the  contractor  shall  keep  it  dressed  to  the  specified 
cross-section  and  free  from  ruts,  waves,  and  undulations,  as  part  of  the 
graveling  contract.  If  the  grading  and  graveling  are  performed  under  the 
same  contract,  the  preparation  of  the  subgrade  shall  be  performed  as  part 
of  the  grading  item  and  no  additional  charge  will  be  allowed  therefor  under 
the  graveling. 

"Loading  and  Hauling. — Loading  from  pits  shall  be  performed  in  such  a 
manner  and  by  such  methods  that  a  uniform  grade  of  materials  will  not 
be  delivered  upon  the  road.  Stone  exceeding  the  sizes  specified  shall  not  be 
loaded.  No  earth,  sod,  or  any  foreign  or  vegetable  matter,  nor  an  excess  of 
sand  or  clay,  will  be  allowed  in  the  gravel,  and  care  must  be  taken  that 
strippings  be  not  mixed  with  the  gravel.  Any  loads  taken  to  the  work  con- 
taining such  objectionable  materials  will  be  rejected. 

"Dumping  and  Spreading  First  Course. — The  first-course  material  shall 
be  deposited  in  a  uniform  ridge  on  the  center  line  of  the  road  and  shall  be 
spread  immediately  upon  the  subgrade  to  a  uniform  section.  This  work 
shall  be  started  at  a  point  on  the  road  nearest  the  pit  or  loading  place 
and  shall  proceed  therefrom  until  the  extreme  haul  in  that  direction  is 
reached. 

''Shaping  and  Compacting. — The  resurfacing  material  shall  be  shaped, 
while  being  compacted  under  travel  by  the  use  of  a  blade  grader,  tooth 
harrow,  planer,  or  other  suitable  means.  Ruts  formed  by  the  hauling  or 
by  travel  shall  be  dragged  full  at  least  once  each  day,  and  more  frequently 
if  necessary,  to  prevent  cutting  through  the  surfacing  material  into  the 
subgrade.  Holes,  waves,  and  undulations  which  develop  and  are  not 
filled  by  dragging  shall  be  filled  by  adding  more  material  according  to  the 
direction  of  the  engineer.  The  shaping  of  the  material  shall  be  performed 
according  to  the  direction  of  the  engineer  and  shall  be  continued  until  the 
material  is  well  compacted,  free  from  ruts,  waves,  and  undulations,  and  is 
made  to  conform  to  the  cross-section  indicated  on  the  standard  above 
mentioned. 

"If  the  material  is  not  sufficiently  compacted  by  the  above  methods  within 
20  days  after  placing,  the  engineer  shall  direct  the  character,  amount,  and 
method  of  applying  the  binding  material  necessary  to  provide  a  compacted 
surface,  and  the  contractor  shall  provide  the  necessary  labor  and  equipment 
to  perform  such  additional  work  at  the  unit  prices  submitted  for  application 
of  the  regular  surfacing  material.  The  county  shall  furnish  the  binding 
material  in  the  same  manner  as  provided  for  the  regular  first-  and  second- 
course  material. 

"Second  Course. — When  the  first  course  is  compacted  and  shaped  as 
specified,  to  the  satisfaction  of  the  engineer,  he  shall  authorize  the  applica- 
tion of  the  second-course  materials.  It  shall  then  be  applied,  shaped,  and 
compacted  by  the  methods  specified  for  the  first  course.  The  work  of  shap- 
ing and  compacting  shall  be  continued  until  the  material  is  well  compacted 
with  the  surfacing  free  from  ruts,  waves,  and  undulations  and  conforming 
to  the  specified  cross-section." 

Other  Coarse  Materials. — The  same  principles  apply  to  the  use 
of  any  available  local  material,  such  as  slag,  chert,  caliche,  disinte- 
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grated  granite,  shell,  etc.,  each  one  of  which  can  be  used  to  advan- 
tage in  special  localities.     A  specification  for  chert  follows: 

CHERT  SURFACE   (ALABAMA  STATE  SPECIFICATIONS) 

"Description. — On  the  subgrade,  prepared  as  hereinbefore  specified,  shall 
be  constructed  a  chert  surface  of  the  cross-section  and  compacted  thickness 
shown  on  the  plans. 

"Chert. — Before  any  chert  is  used  in  the  construction  of  the  road  surface, 
it  shall  first  have  been  approved  by  the  engineer.  In  general,  the  special 
provisions  accompanying  the  proposal  form  will  indicate  the  locations  from 
which  satisfactory  chert  may  be  obtained  and  also  indicate  whether  crushing 
and  screening  of  the  chert  will  be  required.  Any  large  particle  of  chert 
that  may  be  spread  on  the  road,  and  that  would  fail  to  pass  a  2"  ring,  shall 
be  broken  by  hammering,  or  otherwise,  before  the  surface  is  rolled.  Unless 
otherwise  provided  in  the  special  provisions,  chert  quarries  will  be  furnished 
by  the  county  free  of  charge  to  the  contractor,  but  the  contractor  must 
provide  and  maintain  roads  to  such  quarries  at  his  own  expense. 

"Construction  Methods. — The  chert  shall  be  spread  on  the  subgrade  to 
such  depth  that,  when  compacted,  the  surface  will  have  the  compacted 
thickness  shown  on  the  plans.  It  shall  be  dumped,  spread,  and  rolled  in 
the  manner  hereinbefore  specified  for  dumping,  spreading,  and  rolling  No.  1 
and  No.  2  crushed  stone  in  the  case  of  crushed-stone  surfaces.  Where,  in 
the  judgment  of  the  engineer,  the  conditions  are  such  that  a  well-bonded 
surface  is  not  secured  by  rolling  as  specified  above,  the  contractor  shall 
sprinkle  the  surface  with  water  while  rolling  is  in  progress,  and  the 
sprinkling  shall  be  done  in  such  quantity  and  in  such  manner  as  the  engineer 
may  direct. 

"Basis  of  Pavement. — The  contract  price  per  cubic  yard  for  chert  for 
surfacing  shall  be  full  compensation  for  quarrying,  crushing,  loading,  spread- 
ing, rolling,  sprinkling,  hauling  the  chert  1  mile  or  less,  and  maintaining  the 
surface  until  the  road  is  accepted.  Measurement  of  chert  will  be  made  in 
trucks,  wagons,  or  cars  as  the  chert  is  delivered.  Stripping  of  chert  quarries 
will  be  paid  for  at  the  contract  price  for  common  excavation.  The  bid  price 
for  overhaul  of  chert  will  be  paid  on  all  chert  necessarily  hauled  a  distance 
greater  than  1  mile.  The  method  of  determining  overhaul  will  be  in  all 
respects  similar  to  that  provided  for  determining  overhaul  in  the  case  of 
crushed-stone  surfaces." 


REPORT  ON  RHYTHMIC  CORRUGATIONS 

By  George  E.  Ladd,  for  U.  S.  Office  of  Roads 

"Their  Relation  to  Traffic. — Gravel  roads  subject  to  a  traffic  of  not  more 
than  200  or  300  cars  per  day  remain  practically  free  from  corrugations,  if 
occasionally  dragged.  As  soon,  however,  as  traffic  reaches  400  to  450  cars 
per  day,  corrugations  develop  very  rapidly.  In  the  state  of  Maine,  where 
tourist  traffic  is  large  during  summer  months,  and  its  rate  of  increase  is  well 
known,  the  state  highway  officials  can  predict  almost  to  a  day  when  corru- 
gations will  begin  to  develop  on  certain  roads.  The  traffic  limitations  of 
gravel  roads,  in  general,  are  determined  by  the  intensity  of  maintenance 
required  and  by  its  costs.  Sufficient  data  have  not  yet  been  gathered  on  this 
subject.  A  highway  engineer's  handbook  covering  the  subject  of  gravel 
roads  states  that  they  are  not  fit  for  traffic  exceeding  100  cars  per  day,  but  in 
Maine,  Connecticut,  New  Hampshire,  and  other  states  they  are  successfully 
serving  a  traffic  of  from  700  to  several  thousand  cars  per  day.  In  Wisconsin, 
gravel  roads  are  maintained  with  comparatively  smooth  surface  so  that  auto 
travel  is  comfortable  and  satisfactory  on  roads  serving  from  1800  to  3200 
cars  per  day  with  a  maintenance  cost  ranging  from  S280  to  5320  per  year,  or 
from  $600  to  $700  per  year  when  the  roads  are  also  treated  with  dust 
preventives. 

"  Maintenance  costs  on  gravel  roads  in  various  states  have  been  reported 
to  the  writer  as  ranging  from  $1000  to  $3000  per  year.  No  satisfactory 
analyses  of  such  costs  have  been  made  and  it  is  presumed  that  a  considerable 
portion  of  them  really  belong  to  improvement  and  reconstruction. 
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The  Relation  of  Rhythmic  Corrugations  to  Kinds  of  Gravel 

"Mix  and  Methods  of  Construction. — The  fact  that  these  corrugations  are 
so  general  and  occur  in  all  sections  of  the  United  States  makes  it  evident  that 
nearly  all  gravel  roads  are  subject  to  the  development  of  this  nuisance  and 
menace,  if  they  serve  sufficient  traffic,  although  the  methods  of  construction 
and  kinds  of  gravel  vary  widely.  The  situation,  however,  is  not  hopeless. 
Several  highway  officials  have  expressed  the  opinion  that  less  corrugation 
trouble  is  found  where  the  gravel  is  angular  and  where  it  is  composed  of 
highly  rounded  particles.  It  is  also  claimed  that  where  the  road  is  con- 
structed of  gravel  more  uniform  in  size  than  pit  run,  and  especially  where 
everything  over  1"  is  excluded,  that  corrugations  are  slower  in  developing 
and  more  easily  eliminated  by  maintenance  methods.  In  northern  New 
Hampshire,  some  roads  are  built  of  so-called  gravel  which  has  resulted  from 
the  decomposition  of  granite  rocks  and  is  full  of  angular  quartz.  The  roads 
built  of  this  material  are  said  to  give  better  service  so  far  as  corrugations 
are  concerned  than  those,  built  in  the  same  state,  of  glacial  gravels,  or  those 
resulting  from  disintegration  of  schistose  rock.  It  is  claimed  in  Wisconsin 
that  the  best  service  given  by  gravel  roads,  so  far  as  corrugations  are  con- 
cerned, is  found  where  pit-run  gravel  is  passed  through  a  crusher  and  only 
the  material  which  ranges  in  size  from  1"  down  is  used.  Highway  engineers, 
notably  some  in  Wisconsin  and  in  Oregon,  object  to  any  clay  binder  in  the 
gravel  and  prefer  only  the  fines  produced  by  crushing  and  such  as  result  from 
surface  wear. 

"During  the  writer's  investigation  in  the  state  of  Maine  it  was  noted  that 
roads  with  a  relatively  high  per  cent  of  clay-silt  binder  were  comparatively 
free  from  corrugations.  On  one  road  on  which  rhythmic  corrugations  were 
well  developed  a  patch  near  the  center  of  the  road,  about  70'  long  and  varying 
from  1  to  4'  in  width,  was  uncrossed  by  corrugations,  and  had  a  hard,  smooth 
surface.  Examination  showed  that  this  patch  had  about  5  %  more  clay- 
silt  bond  than  the  surrounding  road. 

"On  the  gravel  road  between  Waterville  and  Bangor  corrugations  develop 
rapidly  during  the  summer  traffic,  and  are  kept  down  only  by  constant  main- 
tenance for  almost  its  entire  length.  Comfortable  travel  on  this  road  was 
made  possible  only  by  continuous  use  of  drags  and  planers.  One  short 
section  of  the  road,  however,  was  practically  free  from  corrugations  through- 
out the  summer.  This  section  was  built  of  a  softer  gravel,  which  was  high 
in  clay-silt  bond.  Unfortunately,  though,  while  this  section  of  the  road 
gives  satisfaction  during  the  summer  months,  it  is  said  to  be  nearly  impas- 
sable in  the  spring.  Thus  it  may  be  that  an  all-year  gravel  road  that  will  not 
require  intensive  maintenance  cannot  be  built  in  states  subject  to  heavy 
freezing  and  wet  seasons. 

"This  problem  remains  for  future  solution  and  must  be  worked  out  by  a 
combination  of  field  observations  and  laboratory  tests.  In  this  connection 
it  may  be  stated  that  the  present  standard  tests  of  gravel  are  unsatisfactory 
in  that  they  do  not  include  determination  of  the  nature  and  qualities  of 
natural  binder  originally  in  the  gravel.  The  so-called  cementing-value  test 
has  to  do  only  with  the  products  of  abrasion  of  individual  gravel  particles. 
While  it  is  important  to  determine  this  factor,  there  must  also  be  a  determi- 
nation, in  addition  to  the  facts  brought  out  by  mechanical  analyses  as  to  the 
quantity  of  clay-silt  binder,  of  the  cementing  value  of  this  fine  material. 
The  writer  is  now  engaged  in  experiments  connected  with  the  testing  of 
different  mixtures  of  gravel,  sand  and  clay-silt  binders,  and  their  behavior 
under  different  degrees  of  compacting  and  with  different  amounts  of  water 
present.  In  future  investigations,  observations  must  be  made  over  a  wide 
area  and  under  varying  conditions  as  to  the  relation  between  the  amount  and 
kind  of  natural  binder  in  the  road  and  the  behavior  of  the  road  under  traffic. 
Another  interesting  problem  in  this  connection  is  the  question  of  migration 
of  clay  binders  toward  the  surface,  and  their  ultimate  loss  to  the  road  through 
the  combination  of  rain,  wind,  and  traffic  influences. 

"The  Effect  of  Dust  Preventives  and  Surface  Binders. — A  preliminary 
study  had  been  made  of  problems  of  surface-treated  gravel  roads.  Matters 
of  methods,  costs,  and  service  have  been  studied  to  some  extent  in  certain 
states.  Surface  binders,  in  a  general  way,  prevent  development  of  corru- 
gations, and  where  these  do  not  occur  on  binder-treated  roads,  it  has  been 
demonstrated  that  they  result  from  excessive  quantities  of  bituminous 
material.  This  statement  does  not  refer  to  dust-prevention  treatment,  and 
is  perhaps  not  true  of  glutrin-treated  roads.  Some  states  use  both  tar  and 
oil  binders,  some  will  use  only  oil,  and  others  only  tar.  One  state,  at  least, 
uses  glutrin  almost  exclusively.      Dust  preventives  have  been  seen  to  fulfil 
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the  primary  requirement.  Their  effect  on  corrugations,  however,  is  not  yet 
clear.  It  is  not  unlikely  that  they  delay  the  development  of  rhythmic 
corrugations  of  the  first  type  discussed  above.  It  is  clear,  however,  that 
they  do  not  prevent  their  development.  They  successfully  lay  dust  for 
long  periods,  in  spite  of  heavy  traffic,  and  they  lengthen  the  life  of  a  road  by 
retarding  loss  of  surface  material. 

"Maintenance  Methods.1 — The  maintenance  required  by  a  gravel  road 
depends,  of  course,  largely  upon  the  amount  of  traffic  to  which  it  is  sub- 
jected. If  this  does  not  exceed  200  to  300  cars  per  day,  occasional  dragging, 
especially  after  rains,  will  keep  the  surface  in  good  condition.  As  traffic 
increases,  however,  surface  maintenance  must  be  practically  continuous, 
and  even  then  dragging  or  scraping  will  not  keep  a  road  free  from  corru- 
gations. The  planer,  a  simple  machine  familiar  to  all  highway  engineers,  is 
employed  in  addition  to  the  drag  and  road  scraper.  Planers2  are  of  different 
types.  Those  used  in  some  states  have  a  single  cutting  blade,  while  those 
used  in  other  states  have  several  shorter  blades  so  arranged  as  not  to  cut 
down  corrugations  but  to  distribute  and  rearrange  the  surface  materials. 
Apparently,  the  best  machine  for  eliminating  corrugations  has  not  been 
devised.  The  planer  certainly  does  not  always  remove  them,  some  of  the 
bases  of  ridges  being  left  so  that  traffic  may,  in  24  hr.  after  the  planing  of 
the  road,  reproduce  the  corrugations  in  original  form  and  position.  Even 
resurfacing  with  i3^  to  2"  of  gravel,  following  planing  of  the  road,  will  not 
prevent  the  immediate  recurrence  of  corrugations  which  have  not  been 
entirely  eliminated  by  planing  and  dragging.  In  Wisconsin,  some  gravel 
roads  subject  to  heavy  traffic  are  scarified  once  or  twice  during  the  summer 
months,  and  left  to  be  recompacted  by  traffic.  This  is  heroic  treatment. 
Experiments  are  contemplated  for  this  coming  field  season  which  may  lead 
to  improving  maintenance  methods,  so  far  as  corrugations  are  concerned. 
The  whole  subject  of  maintenance  of  gravel  roads,  and  its  costs  and  economic 
significance,  will  be  discussed  in  another  paper." 

The  following  condensed  report  shows  a  case  where  gravel 
construction  was  recommended  on  a  primary  state  road. 

FEDERAL   AID    PROJECT    184    WOOD VILLE— BRISTOL    SPRINGS- 
CHESHIRE 

"Alternate  Estimates. — Three  alternate  estimates  are  submitted.  Any 
of  these  will  serve  the  purpose  and  eich  has  certain  desirable  features. 

"First  Estimate,  Reinforced  Cement  Concrete  7",  6",  and  7"  Mesh  and 
Bar. — This  design  is  estimated  at  $620, 000,  or  an  increase  of  approximately 
$154,000  over  the  estimate  of  August,  1922.  Approximately  $36,000  of  this 
increase  is  due  to  relocation  changes  requested  by  the  Office  of  Public 
Roads.  Approximately  $118,000  of  the  increase  is  due  to  change  in  pavement 
thickness,  guard-rail  type,  culvert  improvements,  and  increase  in  unit  prices. 

"This  design  will  satisfy  the  Office  of  Public  Roads  but  will  not  satisfy 
the  local  authorities,  due  to  large  increase  in  cost.  _ 

"As  per  our  previous  correspondence,  there  is  some  doubt  as  to  the 
advisability  of  attempting  to  construct  a  concrete  pavement  on  the  fresh 
high  fills  and  new  side-hill  grading,  Sta.  0—240,  for  a  series  of  short  breaks 
aggregating  from  3000  to  7000  lineal  feet  as  per  list  attached  to  alternate 
typical  section. 

"Second  Estimate,  Oiled-gravel  Pavement. — This  design  is  estimated 
at  $450,000  as  compared  with  the  August  estimate  of  $466,000.  This  design 
is  based  on  a  13"  oil-gravel  pavement  with  extra  subbase  for  the  entire  length 
of  the  road.  It  also  used  guide  posts  as  per  original  estimate  on  straight 
alignment. 

"This  design  will  satisfy  the  Office  of  Public  Roads  and  the  local  author- 
ities. It  will  increase  the  yearly  maintenance  charge  for  the  first  few  years 
until  recapped,  but,  considering  the  volume  of  traffic,  this  will  not  be  beyond 
the  bounds  of  reason,  as  indicated  by  our  maintenance  records  for  this  type 
under  light  traffic.  This  design  seems  to  be  the  most  rational  solution  for 
this  particular  road,  considering  all  the  factors  involved,  namely,  high  cost 
of  grading,  impossible  to  eliminate  and  still  get  the  approval  of  the  U.  S. 

1  Mr.  Ladd's  report  bears  out  local  experience  that  maintenance  costs 
increase  very  rapidly  where  the  volume  of  traffic  exceeds  450  to  500  daily 
average. 

2  See  p.  S7i,  Chap.  VII. 
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Bureau;  second,  limited  local  funds;  third,  economy  of  final  cost  as  compared 
with  concrete-pavement  construction. 

"Third  Estimate,  Combination  of  Concrete  and  Oiled  Gravel. — This  design 
is  estimated  at  $584,000,  or  an  increase  in  cost  of  $118,000  over  the  estimate 
of  August,  1922.  This  design  substitutes  a  13"  oiled-gravel  pavement  for 
cement  concrete  on  the  doubtful  grading  sections  of  the  road.  It  also  used 
guide  posts  in  place  of  cable  rail  on  straight  alignment. 

"This  design  will  satisfy  the  Office  of  Public  Roads  and  may  serve  as  a 
compromise  solution  with  the  local  authorities,  provided  the  Department 
desires  to  use  concrete  on  this  road. 

"Pavement  Type. — This  road  is  isolated  from  railroad  shipping  points  and 
imported  materials  would  be  prohibitive  in  cost.  There  is  a  limited  amount 
of  local  boulder  stone,  7000  to  10,000  cu.  yd.,  widely  scattered  and  difficult  to 
collect,  Sta.  240—519.  This  stone  is  suitable  for  boulder  base.  There  is  one 
good  gravel  pit  of  unlimited  capacity  on  road  (Long's  pit,  1600'  from  Sta. 
140).  This  gravel  is  suitable  for  gravel  foundations  and  screened  gravel 
top  course  and,  if  washed,  for  cement  concrete  pavement.  This  gravel 
seems  to  be  the  most  feasible  source  of  supply.  Alternate  estimates  have 
been  prepared  for  cement  concrete  pavement  7",  6",  7"  costing  approximately 
$3.40  per  square  yard  and  for  a  13"  oiled-gravel  pavement  costing  approxi- 
mately $1.50  per  square  yard.  There  are  86,000  sq.  yd.  of  pavement  on  this 
job. 

Cement  Concrete  7",  6",  7"  Mesh  and  Bar 
Cost  per  square  yard 

0.18518  cu.  yd.  concrete  at  S7.90 $1 .46 

0.3518  bbl.  cement  at  $3.90 1  .37 

9  sq.  ft.  mesh  at  5.5  cts 0.50 

2.81  lb.  bars  at  3.6  cts ." o.  10 

$3-43 
86,000  X  $3-40  =  $292,400. 
Average  maintenance,  0.8  cts.  per  square  yard. 
Class  III  traffic  (less  than  500  vehicles  daily). 

Gravel  Pavement  Oiled  13"  Depth  6",  4",  3" 

Cost   per  square  yard 

0.278  cu.  yd.  pit-run  foundation  at  S3. 40 $0.95 

0.083  cu.  yd.  screened  top  at  $5.20 0.43 

0.37  gal.  oil  at  15  cts 0  .06 

3  lb.  calcium  chloride  at  1.2  cts 0.04 

$1.48 
86,000  X  S1.50  =  $129,000. 
Average  maintenance,  6.5  cts. 

Class  III  traffic  (less  than  500  vehicles  daily).  Under  these  conditions 
the  gravel  pavement  seems  to  be  a  desirable  solution. 

W.  G.  Harger, 

Designing  Engineer. 

MISCELLANEOUS  SPECIAL  CASES 

Alaskan  Trails  and  Roads. — Alaskan  climatic  and  soil  require- 
ments afford  special  problems;  the  following  quotation  from 
Engineering  and  Contracting  of  Mar.  6,  1918,  indicates  an  interest- 
ing condition  as  described  in  the  report  of  the  Alaskan  Highway 
Commission: 

"The  most  unusual  and  troublesome  feature  encountered  in 
construction  is  the  permanently  frozen  ground  which  covers  a  large 
portion  of  the  entire  interior,  and  which  is  protected  from  thawing 
during  the  summer  by  a  thick  layer  of  moss,  turf,  or  decayed  vege- 
table matter.     The  character  of  this  frozen  material  varies  largely 
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in  different  sections  of  the  territory,  and  even  in  the  same  section. 
It  may  be  gravel,  clay,  silt,  peat,  or  clear  ice,  or  a  combination  of 
two  or  more  of  these  elements. 

"When  gravel  is  encountered  the  problem  presents  no  special 
difficulties;  the  moss  or  turf  is  stripped  off,  and  the  road  graded  in 
the  usual  manner.  When  the  material  is  clay,  experience  has 
shown  that  the  same  procedure  can  usually  be  followed,  but  the 
grading  is  a  slow  and  rather  expensive  process.  After  the  protective 
covering  of  vegetable  matter  is  removed,  it  is  necessary  to  allow 
the  soil  to  thaw  and  dry  out  somewhat  before  it  can  be  worked,  and 
unless  a  considerable  period  is  allowed  to  elapse  between  the  strip- 
ping and  the  grading,  it  will  be  found  that  the  thawing  is  not  extended 
to  sufficient  depth  to  permit  of  completing  the  grading  in  one 
operation.  When  the  necessity  for  the  road  is  not  pressing,  an 
appreciable  saving  can  be  effected  by  stripping  the  roadbed  and 
digging  drainage  ditches  during  one  season,  completing  the  con- 
struction the  next  year. 

"In  those  localities,  however,  where  the  frozen  material  is  silt  or 
peat  the  stripping  of  the  roadbed  quickly  results  in  the  formation 
of  a  quagmire  through  which  a  man  or  horse,  even  without  a  load, 
can  pass  only  with  the  greatest  difficulty.  Such  soil  has  sufficient 
bearing  value  only  as  long  as  it  remains  frozen,  which  makes  it 
desirable  that  the  moss  or  turf  overlying  it  be  kept  intact.  This 
layer  of  vegetable  matter  is  not  of  itself  able  to  sustain  traffic, 
necessitating  the  addition  of  a  protective  covering — usually  of 
scrub  spruce  timber  which  covers  a  large  part  of  interior  Alaska, 
except  the  Seward  Peninsula,  and  affords  excellent  material  for 
this  corduroy. 

"Where  the  trees  are  large  enough,  pole  corduroy  is  constructed 
by  grubbing  all  stumps  and  roots  from  the  roadbed,  leveling 
it  and  laying  perpendicularly  to  the  axis  of  the  road  a  single 
layer  of  poles  from  which  the  largest  and  stiffest  branches  have  been 
trimmed.  Ditches  are  then  dug  at  a  distance  of  3  to  5'  from  the  ends 
of  the  poles,  and  the  material  therefrom,  after  rejecting  the  top  layer 
of  vegetable  matter,  is  placed  on  the  corduroy  for  the  double  pur- 
pose of  protecting  it  from  wear  and  affording  a  smoother  roadway. 
If  the  soil  in  the  ditches  is  entirely  unsuitable  for  this  covering, 
other  material,  preferably  gravel,  is  hauled  on  from  the  nearest 
available  source. 

"Where  the  spruce  timber  is  of  very  small  size,  or  where  only 
small  willows  are  available,  as  on  the  Seward  Peninsula,  brush 
corduroy  is  used.  The  method  of  construction  is  similar  to  that 
described  above,  except  that  the  single  layer  of  poles  is  replaced  by 
a  mattress  of  untrimmed  brush  containing  sufficient  material  to 
give  a  thickness  of  at  least  6"  when  compressed. 

"When  corduroy  has  been  properly  protected,  its  life  in  most  parts 
of  Alaska  is  quite  long.  Poles  taken  out  of  the  road  after  10  years 
of  service  have  been  found  to  be  in  excellent  condition. 

"The  3'  to  5'  berm  which  is  left  between  the  ends  of  the  corduroy 
and  the  ditches  is  very  necessary  to  protect  the  corduroy  from  under- 
mining, as  the  ditches,  under  the  action  of  sun  and  rain,  slough  and 
cut  rapidly.     Ordinarily,  as  the  frozen  soil  thaws  and  cuts  away 
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the  moss,  the  berm  gradually  assumes  a  gentle  slope  to  the  bottom 
of  the  ditch,  effectually  protecting  the  corduroy,  but  where  the 
cutting  is  severe,  it  often  becomes  necessary  to  revet  the  insides 
of  the  ditches  with  moss  or  turf.  Frequent  outlets  from  the  ditches 
must  be  provided,  and  when  the  amount  of  water  reaching  the  ditch 
on  the  upper  side  of  the  road  is  large  it  is  advisable  to  construct  an 
additional  ditch  parallel  to  the  road  and  about  50'  away,  with 
sufficient  outlets  to  culverts  of  ample  size. 

"Along  the  Pacific  coast  of  Alaska  no  frozen  ground  is  encountered, 
but  the  mountainous  character  of  the  country,  the  excessive  rain- 
fall, and  the  difficulties  of  clearing  have  made  the  work,  as  a  rule, 
even  more  expensive  than  in  the  interior.  Unless  the  soil  encoun- 
tered in  this  region  is  gravel,  it  will  not  stand  up  under  traffic  during 
the  heavy  and  continuous  rains,  and  some  protective  covering  is 
required.  Fortunately,  gravel  is  usually  found  at  no  great  dis- 
tance; otherwise  plank  or  corduroy  roads  are  constructed. 

"The  numerous  swift  streams  of  glacial  origin  found  in  the  Pacific 
coast  section  and  throughout  the  Alaskan  range  in  the  interior 
have  been  the  source  of  much  trouble  and  expense.  Flowing 
through  gravel  beds  varying  in  width  with  the  volume  of  water 
carried  up  to  2  miles  or  more,  they  rarely  have  any  fixed  channels. 
It  is  by  no  means  uncommon  for  one  of  these  streams  to  abandon 
an  old  channel  and  establish  itself  a  new  one  H  mile  away  almost 
overnight.  When  warm  weather  causes  rapid  melting  of  snow  and 
ice  in  the  glaciers,  these  streams  become  raging  torrents  of  enormous 
destructive  force,  and  roads  paralleling  them  are  in  constant  danger 
of  being  washed  away.  Numerous  methods  of  bank  protection 
to  prevent  damage  from  this  cause  have  been  tried,  of  which  the 
following  has  proved  to  be  the  cheapest  and  most  effective. 
A  layer  of  loose  brush  of  sufficient  length  to  give  the  requisite 
protection  is  placed  on  the  threatened  bank,  perpendicular  to  the 
current  and  weighted  below  the  center  with  stone  enveloped  in  gal- 
vanized-wire  netting,  the  whole  being  anchored  in  place  by  wires 
extending  to  'dead-men.'  For  emergency  work  when  the  water  is 
too  high  to  permit  of  placing  the  wire  netting  and  rock,  the  brush 
is  made  into  fascines  enclosing  sacks  of  earth,  which  are  then  placed 
against  the  threatened  bank  and  wired  to  it  and  to  each  other. 
This  form  of  protection  is  easily  and  quickly  constructed  and  has 
repeatedly  demonstrated  its  effectiveness. 

"As  now  constructed,  the  width  of  wagon  roads  varies  wjth  the 
formation  of  the  ground  and  the  amount  of  traffic  expected,  but, 
as  a  general  rule,  roads  graded  by  other  means  than  the  road  grader 
are  given  a  minimum  width  of  20'  between  ditches,  and  those  on 
which  the  grader  is  used  a  minimum  width  of  24'.  On  steep  side 
hills  and  where  rock  work  is  involved,  the  width  is  reduced  to  10  or 
12'.  The  standard  width  of  clearing  is  30',  but  this  is  increased  to 
60'  where  necessary  in  order  to  secure  the  beneficial  action  of  wind 
and  sun  on  the  roadbed. 

"Sled  roads  for  winter  traffic  are  cleared  for  a  width  of  16',  with 
all  stumps,  hummocks,  and  similar  obstacles  removed  for  a  width 
of  8'.  They  are  constructed  where  the  amount  of  traffic  is  not 
large  enough  to  justify  a  wagon  road,  where  the  cost  of  building  a 
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wagon  road  would  be  prohibitive,  or  where  the  communities  along 
the  route  are  amply  served  by  water  transportation  during  the  open 
season,  as  is  the  case  with  the  Fairbanks-Fort  Gibson  sled  road. 
If  it  seems  probable  that  future  development  may  demand  or  justify 
a  wagon  road,  the  location  is  made  for  wagon  road,  in  order  that 
work  done  on  the  sled  road  may  be  of  use  when  the  improvement 
is  made. 

"Trails  designated  for  travel  by  dog  team  in  winter  or  by  pack 
train  in  summer  are  given  a  width  of  8'  with  all  stumps  and  under- 
brush cut  off  as  close  to  the  ground  as  possible. 

"In  the  past,  the  work  of  constructing  and  gradually  improving 
the  roads  has  been  so  generally  intermingled  with  maintenance 
operations  that  a  systematic  plan  for  maintenance  has  not  been  put 
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Fig.   118. — Roadbed  below  natural  ground  elevation. 

into  effect,  nor  would  such  a  plan  have  been  feasible  in  view  of  the 
uncompleted  state  of  the  roads.  At  the  present  time,  however,  the 
condition  of  parts  of  the  more  important  roads,  notably  the  Valdez- 
Fairbanks  road,  is  such  as  to  make  practicable  their  maintenance  by 
dragging.  As  Alaska  has  only  a  very  small  agricultural  population, 
the  method  adopted  in  many  states  of  contracting  with  farmers 
adjacent  to  the  road  for  the  necessary  dragging  cannot  be  used,  but 
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Fiq.   119. — Roadbed  on  underlying  hard  formation. 


it  is  intended  to  place  on  completed  sections  small  maintenance 
crews  consisting,  as  a  rule,  of  two  men  each,  supplied  with  a  team, 
wagon,  drag,  and  the  necessary  small  tools.  Two  such  crews  have 
been  employed  on  the  Valdez-Fairbanks  road  during  the  present 
summer,  with  very  satisfactory  results.  On  several  of  the  gravel- 
surfaced  roads  in  southeastern  Alaska  the  patrol  system  of  mainte- 
nance has  been  used  in  connection  with  more  extensive  repairs. 
The  results  show  the  method  to  be  very  effective  for  roads  of  this 
character. 

"The  average  costs  per  mile,  including  construction  and  mainte- 
nance of  all  roads  and  trails  constructed  by  the  board  since  its 
organization  in  1905,  are  as  follows:  wagon  road,  $3419;  sled  road, 
$379;  trail,  $113.  A  division  of  these  amounts  to  show  the  exact 
cost  of  construction  proper  is  impossible,  but  a  careful  analysis  of 
the  available  data  indicates  that  the  following  unit  costs  of  con- 
struction, including  bridges  may  be  accepted  as  approximately 
correct:  wagon  roads,  $2475  per  mile;  sled  roads,  $300  per  mile; 
trails,  $65  per  mile.     The  average  costs  of  maintenance  during  the 
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past  season  were  as  follows:  wagon  roads,  $250  per  mile;  sled  roads, 
$41  per  mile;  trails,  $8  per  mile." 

Arid  Regions. — In  the  arid  regions,  fills  must  be  avoided.  Ordi- 
nary earth  roads  are  constructed  below  the  general  elevation  of  the 
ground  which  keeps  them  moist  longer  (see  Figs.  118  and  119); 
shallow  ditches  are  used  for  the  same  reason.  In  many  cases  a 
hardpan  formation  underlies  the  sand  surface  and  in  these  condi- 
tions the  sand  surface  is  scraped  off  and  the  road  built  on  the 
underlying  strata. 

Where  fills  must  be  used  they  should  be  made  during  the  rainy 
season  and  the  addition  of  clay  to  a  sandy  soil  helps  consolidate  the 
traveled  way.  Readers  are  referred  to  the  reports  of  the  state 
engineers  of  New  Mexico  and  Arizona  for  further  data  on  the  special 
treatment  of  roads  under  these  conditions. 


CHAPTER  VI 

MACADAM  AND  RIGID  PAVEMENTS 

Introduction. — The  types  of  pavement  discussed  in  this  chapter 
cover  the  forms  of  construction  generally  used  for  main  state-aid 
or  country-aid  highways  ranging  in  traffic  volume  from  200  to 
20,000  daily.  Chapter  I  outlined  economic  selection  of  type, 
Chapter  III,  data  on  widths,  crowns,  etc.  The  design  of  strength 
and  the  economic  selection  of  various  types  of  foundation  courses 
are  described  in  this  chapter  as  a  preliminary  to  the  discussion  of 
pavement  details. 

DESIGN  OF  PAVEMENT  STRENGTH 

Fundamentals  of  Pavement  Design. — Before  discussing  in  detail 
the  various  factors  in  design,  it  is)vperhaps,  just  as  well  to  outline 
the  fundamental  differences  between  flexible-pavement  and  rigid- 
pavement  design;  it  will  be  noted  that  each  type  has  certain  well- 
defined  advantages. 

Utilization  of  Subgrade  Support. — Macadam  or  flexible-base 
pavements  move  in  conjunction  with  and  stay  in  contact  with  the 
underlying  earth  subgrade.  If  unequal  settlement  of  the  subgrade 
occurs,  the  surface  becomes  uneven  under  traffic  action  but  con- 
tinues to  transmit  the  wheel  loads  directly  to  the  underlying  sub- 
grade.  These  surface  inequalities  can  be  easily  and  cheaply  repaired 
without  destroying  the  effectiveness  of  the  underlying  pavement. 
If  large  areas  settle,  the  pavement  follows  the  movement  without 
any  particular  loss  of  effectiveness.  Macadam  design  is  based  on 
the  principle  of  utilizing  subgrade  support  at  all  points.  The  pave- 
ment thickness  is  varied  to  produce  the  maximum  allowable  pressure 
on  the  subgrade  and  in  this  way  utilize  the  full  supporting  value  of  the 
subgrade. 

Rigid  pavements  do  not  conform  to  the  settlement  of  the  sub- 
grade.  They  bridge  over  small  areas  where  the  underlying  soil  has 
settled  and  they  fail  entirely  where  large  areas  settle  unevenly. 
Rigid-pavement  design  is  predicated  on  the  lack  of  soil  support  for 
small  areas.  The  pavements  are  designed  to  bridge  over  small  areas 
by  means  of  their  slab  or  beam  action  (as  this  is  the  main  advantage  of 
the  type),  but  the  cost  of  applying  this  method  of  design  for  large  areas 
of  settlement  is  prohibitive.  Rigid-pavement  design  cannot  utilize  soil 
support  to  its  full  value;  that  is,  a  rigid  pavement  strong  enough  to 
bridge  over  small  areas  of  no  support  has  a  needlessly  high  distrib- 
uting power  (even  on  poor  soils)  where  the  pavement  is  in  actual 
contact  with  the  subgrade. 
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The  frequency  or  size  of  the  small  areas  of  no  support  seem  to 
have  very  little  relation  to  the  relative  normal  supporting  power  of 
different  subgrade  soils  within  the  usual  range  of  foundation  soils. 
These  small  areas  of  no  support  are  due  more  to  non-uniformity  of 
the  subgrade,  to  warping  of  the  slabs  due  to  temperature,  and  to 
construction  imperfections  rather  than  to  low  general  supporting 
power  of  the  soil.  Some  increase  in  rigid-pavement  strength  is 
desirable  on  clay  as  compared  with  sand  support,  but  it  certainly 
is  not  inversely  proportional  to  the  supporting  power  of  the  sub- 
grade  soils. 

The  practical  effect  of  this  fundamental  difference  is  shown  by 
the  wide  range  in  depth  required  for  macadam  roads  on  different 
soils  as  compared  with  the  small  required  range  in  strength  of  rigid 
pavements  laid  on  these  same  varying  soils. 

From  the  standpoint  of  comparative  construction  costs,  macadam 
generally  has  a  distinct  advantage  over  rigid  pavements  where  the 
subgrade  supporting  power  is  high,  as  relatively  thin  macadam 
construction  is  then  permitted.  It  loses  this  advantage  as  the  soils 
become  poorer  in  supporting  power,  necessitating  a  large  increase 
in  macadam  depth  as  against  a  small  increase  in  rigid-pavement 
strength.  When  a  really  unstable  soil  where  settlement  occurs 
over  large  areas  is  reached,  however,  a  rigid  pavement  is  not  feasible 
without  the  use  of  underlying  macadam  base  and  the  macadam 
type  regains  its  advantage. 


Table    63. — Tabulation    Showing    Approximate    Effect    of 
Foundation  Soils  on  the  Relative  Construction  Costs 
of  Typical  Bituminous-macadam  and  Cement-concrete 
Pavements  under  Class  II  Traffic 


Foundation  soil 

Approximate  construction  cost 
per  square  yard  (1922) 

Bituminous 
macadam 

Cement 
concrete 

Coarse  sand  and  gravel 

$2  .00 

2.30 

$2.6o-$3-40 

3.00-  3.80 

$2.80 
2  .90 

$3.00-1320 

3  .60-  4.00 

Loams 

Clays  (ordinary) 

Wet  clay  and  quicksand 

Effect  of  Temperature  and  Frost. — Changes  in  temperature, 
except  freezing,  have  no  effect  on  macadam-pavement  design. 

Changes  in  temperature  must  he  considered  in  rigid-pavement  design, 
as  they  produce  internal  stresses,  resulting  in  contraction  cracks  and 
"blow-ups,"  and  produce  warping,  which  residts  in  lack  of  uniform 
soil  support  for  the  slabs. 

Frost  heave  very  materially  reduces  the  distributing  power  of 
macadam  pavements  for  a  short  time  in  the  spring  by  breaking  the 
tight  internal  lock,  and  it  is  at  this  time  that  most  macadam  failures 
occur,  as  the  subgrade  is  at  its  worst  at  the  same  time  that  the 
pavement  has  the  least  distributing  power;  that  is,  in  order  to  prevent 
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failures  entirely  for  a  short  time  in  the  spring,  macadam  must  be 
designed  needlessly  thick,  considering  its  distributing  power  for  the 
balance  of  the  year.  It  is  prohibitive  in  cost  to  design  for  this 
extreme  combination  of  unfavorable  conditions  under  heavy  traffic 
on  poor  soils,  and  in  practice  reasonably  safe  depth  is  provided, 
with  the  idea  of  minor  repair  and  some  restriction  on  heavy  loads 
for  a  short  time  in  the  spring. 

Temperature  changes  do  not  affect  the  internal  resisting  moment 
of  rigid  pavements,  which  is  constant  the  year  round,  but  tempera- 
ture changes  produce  slab  distortion,  cracks,  etc.,  which  increase 
the  normal  stress  in  the  pavement.  The  effect  of  temperature 
must  always  be  considered  in  rigid-pavement  design. 

Effect  of  Traffic  Loads. — Occasional  extremely  heavy  loads  far 
above  the  normal  vehicle  load  are  not  disastrous  to  the  macadam 
type,  as  this  type  of  road  is  more  or  less  self-healing  and  knits 
together  again  under  rolling  or  well-distributed  normal  load  traffic; 
that  is,  macadam  roads  can  be  safely  designed  for  the  normal  maximum 
vehicle  load. 

If  a  rigid-pavement  slab  is  cracked  by  exceptionally  heavy  loads, 
this  crack  is  not  self-healing  and  it  is  very  difficult  to  replace  a 
portion  of  a  slab  and  get  reasonable  bond  with  the  adjacent  pave- 
ment; that  is,  rigid-pavement  design  must  consider  the  exceptional 
load. 

This  general  fact  tends  to  warrant  a  difference  in  design  loading 
for  the  two  types  of  pavement. 

Effect  of  the  Critical  Location  of  Loads. — Critical  loading  will  be 
discussed  in  detail  later.  At  this  point  the  discussion  will  be  antici- 
pated by  stating  general  conclusions  in  order  to   complete   the 
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Macadam  Pavement 

Fig.   120. — Typical    shallow    ruts    along    edge    of    Class    I    traffic 
macadam  pavement. 

comparison  of  the  differences  in  design  fundamentals.  On  mac- 
adam pavements  the  wheel  loads  which  cause  the  worst  distribution 
of  pressure  to  the  subgrade  are  located  along  the  edge  of  the  mac- 
adam. At  this  point  part  of  the  distributing  value  of  the  macadam 
is  lost.  This  fact  does  not  have  much  effect  where  the  shoulder  is 
a  well-consolidated  gravelly  soil,  but  for  shifting  sand  or  wet  clays 
it  helps  cause  the  formation  of  a  shallow  rut  along  the  edge  on  heavy- 
traffic  roads  carrying  a  continuous  double  line  of  traffic  (see  Fig. 
120).  This  situation,  however,  applies  only  to  Class  I  traffic  roads 
and  need  not  be  considered  in  the  design  of  roads,  of  Classes  II,  III, 
and  IV,  as  on  these  roads  there  are  few  cases  where  heavily  loaded 
wheels  follow  close  to  the  edge  continuously  enough  to  cause  trouble. 
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There  is  not  much  probability  of  adjacent  wheel  loads  of  passing 
rigs  being  close  enough  together  to  cause  critical  loads  continuously 
in  the  central  part  of  the  road.  Flexible-base  pavements  on  Class  I 
roads  must  consider  the  critical  location  of  load.  Macadam  pavements 
on  roads  of  Classes  II,  III,  and  I V  are  designed  for  the  normal  wheel- 
load  location. 

On  rigid  pavements  the  critical  location  of  wheel  loads  is  at  the 
corners  of  slabs.  Such  corners  occur  both  at  the  pavement  edge 
or  at  internal  points  due  to  longitudinal  joints  or  temperature  cracks 
(see  Fig.  136,  p.  405).  Wheel  loads  at  critical  points  occur  quite 
continuously  at  internal  corners  and  with  moderate  frequency  at 
outside  corners  on  heavy-traffic  roads.  Rigid-pavement  design  is 
predicated  on  utilizing  critical-load  location  in  designing  strength. 

Effect  of  Future  Resurfacings  on  Strength  Factor  of  Safety. — The 
strength  of  a  macadam  road  can  be  increased  at  any  time  by  the 
construction  of  a  new  top  course  on  the  old  road.  The  distributing 
power  of  macadam  varies  about  as  the  square  of  the  depth,  and  it 
makes  no  difference  whether  the  different  layers  are  constructed  at 
the  same  time  or  at  intervals.  This  means  that  if  at  any  time  the 
loading  on  a  macadam  road  increases  or  if  the  original  construction 
proves  too  weak  for  increasing  traffic  the  pavement  can  be  strength- 
ened without  much  loss  in  total  final  cost.  This  warrants  using  a 
low  factor  of  safety  in  original  strength  design. 

While  the  resurfacing  of  rigid  slabs  adds  something  to  their 
strength,  the  construction  of  successive  layers  is  not  an  effective 
way  to  increase  beam  or  slab  strength.  Rigid  slabs  must  be  originally 
constructed  at  least  amply  strong  for  existing  traffic  and  some  pro- 
vision may  well  be  made  for  heavier  future  traffic;  that  is,  the 
factor  of  safety  should  be  somewhat  higher  than  for  macadam 
design. 

Effect  of  Construction  Imperfections. — The  strength  of  pave- 
ments depends  largely  on  the  excellence  of  construction,  and  in 
designing  some  allowance  must  be  made  for  common  imperfections. 

Macadam  is  less  damaged  by  careless  manipulation  than  rigid 
pavements.  The  settlement  of  new  fills  causes  more  cracking  of 
rigid  pavements  than  any  other  factor. 

Table  64. — Summary  of  Fundamental  Factors  in  Design 

Macadam  Types  Rigid  Types 

1.  Soil  support  is  utilized  at  all     1.  Soil  support  cannot  be  util- 

points.  ized  at  all  points. 

2.  Full  soil  support  can  be  utili-     2.  Full  soil  support  cannot  be 

zed.  utilized. 

3.  The  soil  support  used  must  be     3.  Seasonal    variation    of    soil 

lowest    value,    considering  supporting  power  has  only 

seasonal  variation.  a  minor  effect. 

4.  Macadam  strength  varies  at     4.  Rigid  slab  strength  is   con- 

different  times.  stant. 

5.  Occasional     excessive     loads     5.  Occasional     excessive     loads 

need  not  be  considered.  must  be  considered. 
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TABLE  64  — (Continued). 
Macadam  Types  Rigid  Types 

6.  The  special  location  of  loads     6.  The  special  location  of  loads 

need  be  considered  in  only  a  must  always  be  considered, 

few  cases. 

7.  Temperature     stresses     need     7.  Temperature    stresses    must 

not  be  considered.  be  considered. 

8.  A  comparatively  low  factor  of     8.  A    fairly    liberal    factor    of 

safety  is  warranted.  safety  is  necessary. 

9.  Rigid  pavements  composed 
of  separate  concrete  base 
and  resilient  surface  course- 
es  reduce  impact  damage 
and  warping  due  to  daily 
temperature  fluctuations 
and  increase  wheel-load 
distribution  over  base 
cracks. 

If  the  design  of  either  macadam  or  rigid  pavements  provided  for 
the  most  extreme  combination  of  unfavorable  conditions  for  every 
factor  involved,  the  pavement  would  be  prohibitive  in  cost.  It  is 
apparently  sound  policy  to  provide  for  probable  combinations  of 
unfavorable  conditions  and  plan  on  minor  repair  for  a  small  per- 
centage of  failure.  Reasonable  design  hinges  on  the  assignment  of 
proper  values  for  the  various  factors  of  wheel  load,  supporting 
power  of  soils,  distributing  power  of  macadam  pavements,  and  slab 
strength  for  rigid  pavements. 

Traffic  Loads. — The  maximum  loading  on  pavements  is  produced 
by  the  modern  commercial  truck  traveling  at  high  speed.  Horse- 
drawn  farm  vehicles  and  the  ordinary  passenger  automobile  can  be 
disregarded  as  far  as  the  load  factor  is  concerned.  Even  military 
field  ordinance  loads  are  no  more  severe  than  the  commercial  truck 
loading. 

Statutory  limitations  on  load,  speed,  and  various  other  factors 
are  necessary  to  insure  against  the  needless  destruction  of  pave- 
ments. Existing  statutes  limit  vehicle  gross  load,  axle  load,  wheel 
load,  load  per  lineal  inch  of  tire  width,  and  speed.  Such  statutes 
may  well  be  broadened  to  include  limitation  of  the  use  of  heavy 
trucks  to  roads  of  Classes  I  and  II  and  also  various  factors  in  truck 
operation  which  increase  impact,  such  as  badly  worn  tires,  spring 
equipment,  etc.  While  local  statutes  vary,  the  essential  features 
have  been  standardized  by  common  agreement  to  approximately 
the  following  values  (1923  for  commercial  highways): 

Maximum  gross  weight,  22,000  to  28,000  lb. 

Maximum  wheel  load,  8000  to  10,000  lb.  (weight  at  rest). 

Maximum  load  per  inch  width  of  tire,  600  to  800  lb. 
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Table  65. — Limitations  of  Truck  Loads  on  Highways  (1923) 

Maximum 
Gross  Weight 

State  in  Pounds 

(Four  Wheels) 

Alabama 20,000 

California 30,000 

Colorado 16,000 

Connecticut 25,000 

Delaware 22,000 

Florida 16,000 

Indiana 24,000 

Illinois 32,000 

Iowa 20,000 

Maine 20,000 

Maryland 20,000 

Minnesota 28,000 

Nevada 2  5,000 

New  Hampshire .'...- 20,000 

New  Mexico 12,000 

New  York 28,000 

North  Carolina 15,000 

Ohio , 20,000 

Oregon 22,000 

Pennsylvania 26,000 

South  Dakota 20,000 

Tennessee 20,000 

Texas 22,000 

Utah 20,000 

Vermont 12,500 

Virginia 20,000 

Washington 24,000 

Wyoming 25,000 

The  Pennsylvania  (192 1)  law  is  representative  of  the  usual  solid- 
tire  truck-speed  regulations. 

Table  66 


Class 

Gross  load,  pounds 

Speed,  miles  per 

hour 

AA 

7,000 

20 

A 

11,000 

20 

B 

15,000 

18 

C 

20,000 

15 

D 

24,000 

IS 

E 

26,000 

12 

F 

26,000 

10 

These  legal  load  limitations  do  not  represent  design  loads,  as 
impact  increases  the  static  load  of  a  truck  at  rest.     For  well-main- 
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tained,  moderately  smooth  pavements,  however,  the  effect  of 
impact  does  not  probably  add  over  25%  to  the  static  wheel  load  at 
rest  for  the  larger  trucks  traveling  at  legal  speeds  (see  Table  67, 
U.S.  Bureau  of  Public  Roads  Impact  Tests).  For  the  smaller 
solid- tire  trucks  at  higher  speeds  it  may  add  100%.  For  pneumatic- 
tire  trucks  it  does  not  probably  exceed  10%  on  the  average.  The 
tests  recorded  some  cases  of  400  to  500%  increase  due  to  impact, 
but  these  represented  conditions  of  roughness  that  would  not  occur 


Table    67. — Impact    Caused    by    Different    Motor    Trucks 
(U.  S.  Bureau  of  Public  Roads) 


Rated 
capacity 

Load, 

Load  on 

one  rear  wheel 

Equivalent  static  load  for 
different  heights  of  fall 

of  truck, 

tons 

tons 

Total 

Sprung 

Un- 
sprung 

0 

K"a 

I" 

iH 

iH 

3,475 

2,410 

1,065 

5.500 

7,800 

10,200 

iH 

1Y2 

3.475 

2,410 

1,065 

4.500 

6,300 

11,500 

1Y2 

2Y4. 

4,240 

3,175 

1,065 

4.700 

10,000 

16,000 

iM 

234 

4,240 

3.175 

1,065 

4,900 

5.900 

9,200 

2 

2 

4.300 

3.300 

1,000 

6,800 

7,800 

11,500 

2 

2 

4.300 

3.300 

1,000 

6,800 

8,500 

13,400 

2 

2 

4.300 

3.300 

1,000 

6,800 

7,900 

11,000 

2 

2 

4.300 

3.300 

1,000 

6,800 

7,500 

11,000 

2 

3 

4,900 

3.900 

I.OOO 

7,200 

8,500 

14,000 

2 

3 

4,900 

3.900 

1,000 

7,300 

8,600 

13,700 

2 

3 

4,900 

3.900 

1,000 

6,800 

8,000 

11,000 

3-3  H 

2Y2 

5,150 

3.450 

1,700 

8,400 

9,200 

15.700 

3-3Y2 

2Y2 

5,150 

3,450 

1,700 

8,200 

8,700 

11,800 

3-3Y2 

2Y2 

5,150 

3,450 

1,700 

8,200 

9,300 

14,100 

3-3Y2 

2Y2 

5,150 

3,450 

1,700 

6,900 

9,200 

21,500 

3-3  H 

2Y2 

5,150 

3,450 

1,700 

8,000 

8,200 

12,200 

3-3Yi 

2Y2 

5,150 

3,450 

1,700 

8,700 

8,200 

13,000 

3-3  M 

4Y2 

7,000 

5,300 

1,700 

10,000 

19,000 

3-3)4 

4Y2 

7,000 

5,300 

1,700 

9.700 

9,700 

19,000 

3-3  H 

4Y2 

7,000 

5,300 

1,700 

9.300 

9,800 

17.700 

3-3  Y 

4Y2 

7,000 

5,300 

1,700 

9,200 

11,000 

17,200 

3-3  K 

aY 

7,000 

5.300 

1,700 

10,000 

10,000 

18,000 

3-3H 

*K 

7,000 

5.300 

1,700 

10,000 

11,000 

15,800 

5 

5 

7,900 

5,950 

i,950 

11,000 

12,800 

18,000 

5 

5 

7,900 

5.950 

i,95o 

11,000 

12,500 

19,000 

5 

5 

7,900 

5.950 

1,950 

9,000 

10,000 

l6,000 

5 

5 

7,900 

5.950 

1,950 

9,200 

10,700 

I5.5O0 

5 

5 

7,900 

5,950 

1,950 

9,200 

9,700 

13,000 

5 

5 

7,900 

5,950 

i,950 

9,500 

15,000 

5 

7H 

10,600 

8,650 

1,950 

12,200 

15,300 

26,000 

5 

7*1 

10,600 

8,650 

1,950 

12,000 

13.700 

2I.OOO 

5 

IY2 

10,600 

8,650 

1,950 

11,500- 

12,500 

18,500 

5 

m 

10,600 

8,650 

1.950 

11,500 

12,600 

17,200 

5 

lM 

10,600 

8,650 

1,950 

11,000 

11.200 

l6,800 

5 

1Y2 

10,600 

8,650 

i,9So 

11,200 

12,100 

15,800 

0  The  }/i"  column  is  assumed  to  represent  probable  impact  on  well-main- 
tained roads. 
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on  well-kept  pavements.  The  extreme  loads  resulting  from  impact 
on  rough  surfaces  emphasize  the  necessity  for  the  construction  of 
reasonably  smooth  pavements  properly  maintained.  It  "would  be 
impracticable  to  design  pavements  on  the  basis  of  high-impact  stresses. 
Attention  should  be  concentrated  on  the  reduction  of  impact  to  the 
minimum  feasible  amount,  which  is  assumed  to  be  represented  by 
the  Y±'  column  of  Table  67  for  the  smoother  pavements,  such  as 
modern  macadams,  sheet  asphalt,  grouted  brick,  and  concrete,  and 
a  somewhat  higher  value  for  the  rougher  types,  such  as  stone  block, 
brick  with  bituminous  filler,  etc.  Vialog  records  (discussed^  on 
p.  545)  indicate  that  the  %"  impact  is  a  reasonable  basis  of  design. 

The  tractive  effort  of  mechanically  propelled  vehicles  is  a  surface 
shearing  force  and  can  be  disregarded  in  deriving  design  loads  for 
pavement-strength  formulas.  It  has  some  effect  in  producing 
humps  and  hollows  in  asphaltic-concrete  and  bituminous-macadam 
surfaces  and  probably  hastens  disintegration  of  bond  between 
poorly  bound  block  surfaces  and  is  a  contributary  cause  of  vibra- 
tory disintegration  of  rigid  monolithic  pavements. 

Recommended  Design  Loads. — It  seems  rational  to  recognize  at 
least  two  load  classifications  due  to  general  character  of  traffic  and 
also  variations  due  to  pavement  surfaces. 

Main  Roads  of  Classes  I  and  II. — These  roads  should  be  designed 
for  the  heaviest  commercial  trucks  permitted  by  law.  It  is  probable 
that  a  design  wheel  load  of  14,000  lb.  (1 1,000  lb.  static  plus  3000  lb. 
impact)  distributed  over  a  12"  tire  width  represents  about  the 
maximum  load  produced  by  present-day  heavy  traffic  operating  at 
legal  speeds  on  well-maintained  rigid  pavements,  such  as  cement 
concrete,  monolothic,  or  semimonolithic  brick  with  cement-grout 
joints  on  concrete  base,  etc.  Pavements  having  a  surface  or  base 
which  has  some  flexibility  and  resiliency  are  undoubtedly  less 
damaged  by  impact  than  the  more  rigid  types.  How  much  weight 
can  be  given  to  this  in  design  is  not  known,  but  in  order  to  recognize 
this  factor  it  is  well  to  adopt  a  slightly  lower  value  than  shown  in 
Table  67.  Twelve  thousand  pounds  on  a  12"  tire  will  be  assumed 
for  bituminous  macadams,  small  blocks  with  asphaltic  joints  on 
macadam  bases,  and  asphaltic-concrete  surfaces  on  either  macadam 
or  concrete  bases.  For  the  rougher  pavements,  such  as  stone 
block  or  brick  with  bituminous  joints  on  concrete  bases,  a  value  of 
15,000  to  16,000  lb.  is  probably  not  excessive. 

Local  Roads  of  Classes  III  and  IV  (Macadam  Design). — For 
these  roads  a  lower  design  load  is  logical.  A  total  of  9000  lb.  (5000 
lb.  static  plus  4000  lb.  impact)  on  a  10"  tire  is  liberal  and  a  design 
allowance  of  7000  lb.  on  a  10"  tire  width  is  probably  about  the 
desirable  maximum  limit  for  purely  local  roads  carrying  less  than 
300  vehicles  daily.  Roads  of  classes  III  and  IV  are  at  times  sub- 
jected to  heavy-truck  Class  I  loading  under  existing  traffic-regula- 
tion statutes,  but  it  is  probably  sound  policy  to  use  the  lighter 
design  loading  and  make  an  effort  to  modify  existing  regulation  to 
the  extent  of  keeping  the  heavy  trucks  off  from  these  local  roads, 
particularly  in  the  spring.  While  it  is  probably  impossible  to 
prevent  heavy  trucks  from  violating  such  statutes  entirely,  an 
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occasional  violation  is  not  serious,  as  is  noted  under  General  Basis 
for  Design  of  Macadam  Roads  (p.  368).  The  recommended  load- 
ing permits  all-year-round  use  of  the  ordinary  2^2 -ton  agricultural 
trucks  and  gives  sufficient  strength  in  the  summer  season  to  permit 
the  use  of  these  roads  as  temporary  detours  for  heavy  traffic  at 
times  when  the  main  roads  are  closed  on  account  of  construction  or 
repair. 

1  Table  68. — Recommended  Design  Loads 


Class  of  road 

Design  static  wheel  load  (including  impact) 

I  and  II 

(  16,000  lb.  on  12"  tire,  rougher  types  rigid  pavements 
|   14,000  lb.  on  12"  tire,  smooth,  rigid  pavements 
[  12,000  lb.  on  12"  tire,  resilient  pavements 

Ill 

f  12,000  lb.  on  12"  tire,  rigid  pavements 

I     9,000  lb.  on  10"  tire  width,  macadam  pavements 

IV 

7,000  lb.  on  10"  tire  width,  macadam  pavements 

These  concentrated  wheel  loads  must  be  transmitted  by  the 
pavement  and  applied  to  the  underlying  earth  subgrade  over  a 
large  enough  area  to  prevent  rapid  unequal  settlement  or  permanent 
displacement. 

Supporting  Power  of  Soils. — Different  soils  have  a  wide  range 
in  supporting  power,  and  even  the  same  soil  varies  greatly  at 
different  times,  due  to  moisture  content,  freezing  action,  and  degree 
of  consolidation.  Road  foundation  soils  fluctuate  more  in  their 
supporting  power  than  deep  foundation  soils  for  buildings,  as  they 
are  near  the  surface  and  are  subject  to  the  effects  of  rain,  frost,  and 
the  churning  action  of  rapidly  fluctuating  loads. 

Pavement  design,  to  be  rational  and  fairly  consistent,  must  con- 
sider variations  in  the  supporting  power  of  the  underlying  subgrade, 
but  it  can  only  consider  such  differences  in  soil  conditions  as  are 
clearly  defined.  It  is  impracticable  to  give  much  attention  to 
minor  variations;  that  is,  for  a  specific  road,  the  supporting  power 
of  soil  varies  foot  by  foot,  and  even  for  the  same  point  it  changes  at 
different  times  in  the  year.  For  these  reasons,  any  attempt  to 
apply  laboratory  methods  to  rapidly  fluctuating  subgrade  conditions 
is  impracticable,  to  say  the  least.  It  is  feasible  to  provide  changes 
for  well-defined  differences  in  soil  conditions  which  become  evident 
to  an  experienced  highway  engineer  during  the  progress  of  the 
survey  and  construction.  It  is  practicable  to  eliminate  excessive 
ground-water  seepage  by  the  use  of  underdrains  and  to  reduce 
surface-water  seepage  by  well-constructed  and  well-maintained 
shoulders  and  ditches  and  by  the  constant  sealing  of  cracks  in  rigid 
pavements.  Even  with  these  precautions,  water  will  work  in  from 
the  shoulders  or  reach  the  subgrade  through  cracks  in  the  pavement 
and  in  this  way  temporarily  reduce  the  supporting  power  of  the 
earth  subgrade.  All  pavement  and  foundation  design  must  be 
predicated  on  the  fact  that  the  supporting  power  of  the  underlying 
earth  will  vary  at  different  times,  and  the  important  factor  in  design 
is  minimum  supporting  power,  considering  all-year-round  condi- 
tions for  local  climatic  conditions. 
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Experience  has  demonstrated  that  coarse  sands  and  gravel  do  not 
vary  much  in  the  supporting  power  at  different  seasons  if  protected 
by  well-designed  drainage.  It  is  known  that  loams,  clays,  and  fine 
sands  vary  considerably  in  supporting  power  where  they  are  located 
in  cuts  or  thin  "pancake"  fills  even  when  protected  by  well-designed 
drainage,  and  that  these  same  soils  in  fills  over  3'  deep  do  not  vary 
much  at  different  seasons,  provided  the  pavement  surface  is  reason- 
ably waterproof  and  the  shoulders  are  maintained  to  shed  water 
rapidly.  Figure  121  shows  in  a  general  way  the  effect  of  mois- 
ture content  on  the  supporting  power  of  different  soils.     Experi- 
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121. — Effect  of  moisture  content  on  bearing  power 
U.  S.  Bureau  of  Roads  testing  records. 


soils. 


ence  has  demonstrated  that  under  normal  road  conditions  it  is 
fairly  easy  to  prevent  a  large  variation  in  the  moisture  content  of 
coarse  sand  and  gravels  and  increasingly  difficult  to  control  the 
moisture  contents  of  loams,  clays,  and  quicksands.  The  vertical 
rise  of  moisture  due  to  capillary  action  is  shown  in  Table  69.  Mois- 
ture content  for  roadbeds  in  cuts  is  reduced  by  open  ditches  and 
underdrains,  but  these  methods  fail  in  effectiveness  at  times  due  to 
all  sorts  of  reasons,  such  as  frozen  drains  and  shoulders,  and  poorly 
maintained  shoulders,  permitting  pools  of  water  to  stand  and  seep 
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in  cracks  in  rigid  pavements.  Where  the  road  is  in  cuts  or  on 
thin  fills  they  are  certain  to  get  at  times  a  higher  moisture  content 
than  where  the  roadbed  is  on  a  high  fill  which  is  free  from  ground- 
water seepage  and  above  the  limits  of  vertical  capillary  lifting 
action.  As  macadam  design  utilizes  full  support,  it  must  not  only 
recognize  the  difference  in  soils  but  it  must  also  recognize  whether  the 
soil  is  in  cuts  or  fills.1 

Table  69. — Table   of  Heights  to  Which   Capillary  Water 

Rises  in  Different  Soils  {Experiments  by  U.S.  Bureau  of 

Public  Roads) 


Soil 


Height  in 
24  hr., 
inches 


Approximate 

final  height, 

inches 


Light  sandy  soil 

Gravelly  soil 

Decomposed  granite  (loam) 

Heavy  granite  loam 

Clay  loam 

Pure  coarse  sand 


14 
16 
21 
16 
12 
9 


28 
32 

40 
32 
24 
18 


Note. — The  percentage  of  moisture  due  to  capillarity  decreases  rapidly 
with  the  height  above  the  free  water  for  the  coarse  sandy  soils,  while  it 
remains  nearly  constant  for  the  entire  range  of  vertical  capillarity  in  some  of 
the  heavier  soils. 

There  seems  to  be  fair  agreement  between  widely  different  sources 
as  to  the  minimum  safe  supporting  power  of  well-compacted  sub- 
grade  soils  protected  by  well-designed  drainage  provisions.  The 
Massachusetts  Commission  in  1901  determined  these  values  at 
25  lb.  per  square  inch  for  coarse  sand  and  gravel  and  at  4  lb.  per 
square  inch  for  the  poorer  clays  and  excessively  fine  sands.  French 
experiments,  quoted  in  Agg's  "Construction  of  Roads  and  Pave- 
ments," place  the  values  at  30  lb.  per  square  inch  for  firm  soils  and 
at  9  lb.  per  square  inch  or  less  for  the  poor  soils.  These  values  are 
for  well-compacted  soils  and  refer  to  well-rolled  subgrade  soils 
kept  free  from  an  excessive  moisture  content  by  a  well-designed 
drainage  system.  The  necessity  for  thorough  rolling  of  the  sub- 
grade  is  well  recognized.  Table  70  compares  these  values  with  the 
usual  value  assigned  to  these  soils  for  deep  building  foundations 
and  illustrates  the  radically  different  supporting  value  of  surface 
and  subsurface  soils. 


1  The  fact  that  fills  reduce  required  depth  of  macadam  pavements  does  not 
affect  grade-line  design,  as  the  reduction  in  cost  of  macadam  rarely  balances 
the  increase  in  grading  cost  due  to  arbitrarily  raising  the  road  by  fill;  that 
is,  the  consideration  of  pavement  depth  and  strength  never  raises  the  road 
onto  fills  except  across  low,  wet,  swampy  areas.  Needless  fills  add  dan- 
ger to  road  traffic,  always  increase  damage  to  abutting  properties,  and  are 
to  be  avoided  as  much  as  possible,  as  they  give  no  adequate  return.  Where 
fills  are  necessary,  their  construction  should  be  taken  advantage  of  to  reduce 
macadam  depths  but  not  rigid-pavement  depth.  Most  rigid-pavement 
troubles  occur  on  fills  due  to  incomplete  compaction  before  the  pavement 
is  constructed. 
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Table  70. — Comparison  of  Safe  Supporting  Value  of  Surface 
and  Subsurface  Soils,  in  Pounds  per  Square  inch 


Soil 

Road  sub-     ■ 
grade  surface 
soils 

Subsurface 

building 
foundations 

Coarse  sand  and  gravel 

25-30 
4-8 

60 
IS 

Poor   damp   clay  and   fine   shifty  sand 
(30%  or  more  passing  100  sieve) 

The  values  of  intermediate  soils  and  the  effect  of  fills  are  largely 
matters  of  judgment  and  experience.  The  following  recommended 
values  are  based  on  the  observed  action  of  roads  in  western  New 
York  during  the  past  15  years.  These  values  are  to  be  used  in 
conjunction  with  Formula  1  (p.  382),  and  are  safe  values  for 
localities  subject  to  severe  winters.  They  can  undoubtedly  be 
increased  for  locations  free  from  frost;  no  special  values  are  given 
for  such  conditions,  as  the  author's  personal  experience  does  not 
warrant  assigning  values  except  in  climates  similar  to  the  north- 
eastern Atlantic  states.  In  the  course  of  time,  values  for  various 
localities  will  become  more  or  less  standardized.  With  this  in 
view,  it  is  desirable  for  the  various  highway  departments  to  make  a 
systematic  effort  to  record  failures  and  successes,  as  shown  in  chart 
form  (Fig.  131,  p.  388).  One  of  the  difficulties  to  overcome  in 
public  highway  work  is  the  effect  of  rapidly  changing  personnel. 
If  data  are  not  systematically  recorded,  the  value  of  experience  is 
lost  and  the  new  men  have  to  start  in  all  over  again  to  gather  data. 
Up  to  date,  this  has  been  one  of  the  main  difficulties. 

It  can  be  readily  seen  that  the  classification  of  the  soils  is  largely 
a  matter  of  judgment,  but  it  is  entirely  feasible  to  educate  a  begin- 

Table   71. — Recommend ed   Safe   Supporting   Power   of   Sub- 
grade  Soils,  in  Pounds  per  Square  Inch,  for  Localities 
Subject  to  Severe  Winters 
(For  use  in  connection  with  Formula  1,  p.  382.) 


Soil 


Location 


In  cuts  or  on 
fills  less  than 

i'  deep, 
pounds  per 
square  inch 


Intermediate 

fills,  1  to 

3'  deep, 

pounds  per 

square  inch 


High  fills, 

over  3' 

deep, 

pounds  per 

square  inch 


Fine    sand    (more    than   30% 

passing  100  sieve) 

Heavy  clay 

Ordinary  clay 

Clay  loam 

Loam 

Sandy  loam 

Coarse  sand 

Fine  gravel 


4-  8 
4-  8 
8-13 
13-17 
17-21 
21-25 
25-30 
25-30 


8-15 
10-17 
13-19 
17-20 
10-21 
23-25 
27-30 
27-30 


15 
17 
19 
20 
21 
25 
30 
30 
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ner  very  rapidly  to  distinguish  between  the  general  classifications 
noted  in  Table  71.  Any  attempt  to  classify  subgrade  soils  during 
construction  by  laboratory  methods  is  too  costly  and  complicated  a 
process  to  have  much  practical  value.  If  the  design  of  macadam  is 
based  on  the  general  classifications  given,  the  chances  are  all  in 
favor  of  reasonably  good  results,  particularly  if  the  grading  opera- 
tions are  controlled  and  the  fills  under  the  pavement  made  fairly 
uniform  and  of  the  best  available  material. 

STRENGTH  DESIGN,  FLEXIBLE-BASE  PAVEMENTS 

Theoretical  Design  of  Macadam  Road  Thickness. — The  deter- 
mination of  thickness  depends  on  the  wheel  loads,  the  supporting 
power  of  the  underlying  soil,  and  the  distributing  action  of  the 
macadam  pavement.  Wheel  loads  and  the  supporting  power  of 
soils  have  been  determined  within  reasonable  limits  of  accuracy. 
These  determinations  are  based  both  on  experiment  and  on  the 
observed  action  of  macadam  pavements  under  actual  traffic,  which 
indicates  quite  strongly  that  they  are  essentially  correct.  It 
remains  to  discuss  the  distributing  power  of  macadam  pavements 
and  to  assemble  the  factors  with  a  reasonable  factor  of  safety. 

Distributing  Action  of  Macadam,  Gravel,  and  Boulder  Bases. — 
Experimental  data  in  regard  to  the  load  distribution  through 
flexible-type  bases  are  meager.  Table  72  taken  from  Agg's  "Con- 
struction of  Roads  and  Pavements,"  records  certain  French  data 
which  are  probably  as  reliable  as  any  investigations  which  have 
been  made  up  to  this  time  (1922).  Figures  122  and  123  (p.  379) 
show  recent  tests  made  by  the  U.S.  Bureau  of  Public  Roads  at 
Washington. 

Table    72. — Showing    Transmission    of    Pressure    through 

Macadam 
(The  test  was  made  with  a  wheel  load  of  4  tons  with  a  5K"  tire) 


On  macadam  alone: 

Thickness  of  crust,  inches 

Pressure  on  subsoil,  pounds  per  square 

inch 

On  Telford  foudation  alone: 

Foundation  thickness,  inches 

Pressure  on  subsoil,  pounds  per  square 

inch 

On  combined  foundation  and  macadam: 
With  foundation  thickness  of,  inches .  . 
3.94"  of  top  stone,  pressure  on  subsoil, 

pounds  per  square  inch . 

5.91"  of  top  stone,  pressure  on  subsoil, 

pounds  per  square  inch 

7.87"  of  top  stone,  pressure  on  subsoil, 

pounds  per  square  inch 


1.97 
102  .50 


3-94 

47.70 


5.91 
19.30 

13-20 

9.70 


5.91 

27.40 
5.91 

56.00 
7.87 

14.70 

10.90 

8.20 


7.87 
17.40 

7.81 

37-40 

9.84 

12  .60 

9. 10 

6.80 


II  .81 

9 .  10 

II. 81 

20  .70 

II. 81 

10.20 

7-70 

6. 10 


Note. — The  pressure  on  the  subsoil  through  a  12"  bed  of  simple  macadam 
is  apparently  the  same  as  the  pressure  through  a  6"  bed  of  macadam  laid 
over  a  10"  stone  foundation.  The  pressure  transmitted  by  well-constructed 
gravel  will  be  about  the  same  as  with  macadam  of  equal  thickness. 

A  good  soil  well  drained  will  safely  withstand  a  pressure  of  30  lb.  per  square 
inch.  It  is  considered  that  poor  soil  requires  at  least  a  12"  macadam  layer 
or  its  equivalent. 
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Pig.   122. — Distribution    of    pressure    through    macadam    laid 
sandy  soil.      U.  S.  Bureau  of  Roads  experiment. 
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Pig.    123. — Distribution  of  pressure  through  macadam    pavement 
clay  sub-soil.      U.  S.  Bureau  of  Roads  experiment. 
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The  distributing  action  of  broken-stone  macadam  is  slightly 
better  than  Telford  or  boulder  base.  The  distributing  action  of 
well-constructed  gravel  courses  is  usually  as  good  if  not  better  than 
boulder  base,  although  not  quite  so  effective  as  macadam.  The 
distributing  power  of  all  these  types  depends  on  the  excellence  of 
construction  (degree  of  tight  interlock  and  -compaction),  and  for 
each  type  it  will  vary  at  different  times  of  the  year,  the  least  value 
occurring  in  the  spring  when  the  tight  internal  lock  is  reduced  by 
frost  heave.  In  order  to  provide  the  proper  thickness  of  macadam 
it  is  necessary  to  determine  the  effect  of  depth  on  total  area  of  sub- 
grade  over  which  the  wheel  load  is  distributed  and  the  ratio  of 
maximum  intensity  of  pressure  directly  under  the  wheel  to  average 
intensity  over  the  total  area  of  subgrade  receiving  pressure. 

Figures  122  and  123  show  that  for  a  given  depth  of  macadam  and 
a  certain  specified  load  the  maximum  intensity  of  pressure  directly 
under  the  wheel  is  greater  for  firm  soils,  such  as  dry  sand,  than  it 
is  for  soft  subgrades,  such  as  wet  clay;  that  the  ratio  of  maximum 
pressure  to  average  pressure  is  greater  on  firm  soils;  and  that  the 
total  area  of  load  distribution  is  slightly  less  on  firm  soils  than  on 
soft  subgrades.  This  merely  means  that  firm  soils  offer  greater  unit 
resistance  and  that,  for  the  condition  of  a  certain  specified  depth  of 
macadam  and  a  specified  load,  the  deflection  of  the  macadam  under 
the  wheel  is  less  on  the  firm  subgrade  than  on  the  soft  subgrade. 
These  variations  in  the  law  of  pressure  distribution  disappear  in 
any  rational  formulas  for  macadam  design  for  the  following  reasons : 
A  well-designed  macadam  road  must  not  have  much  deflection 
under  a  moving  wheel  load,  for  the  minute  noticeable  deflection 
occurs  (so-called  churning),  the  pavement  starts  to  disintegrate, 
and  either  gets  out  of  shape  rapidly  or  completely  goes  to  pieces. 
Some  deflection  is  bound  to  occur,  but  the  basic  principle  of  good 
design  requires  variation  in  stone  depth  over  different  soils,  so  that 
the  maximum  wheel  load  produces  a  fairly  uniform  deflection  at  all 
points.  This  deflection  must  be  small  enough  to  prevent  churning. 
If  the  road  is  properly  designed  with  a  uniform  and  safe  deflection, 
the  relation  of  depth  to  distribution  area  and  the  ratio  of  maxi- 
mum intensity  are  not  probably  much  affected  by  the  character  of 
the  subsoil.  At  least  it  is  known  from  practical  experience  that 
simple  empirical  formulae,  which  consider  variations  in  wheel  load, 
a  fairly  well-established  relation  between  depth  and  intensity^  of 
pressure  on  the  subgrade,  and  reasonable  values  for  safe  supporting 
power  of  soils,  have  been  developed,  and  that  such  formulae  have 
been  given  sufficiently  hard  and  long  enough  continuous  service 
tests  to  warrant  their  use  as  a  basis  of  economic  macadam  design. 

An  old  and  simple  rule  will  be  used  as  the  basis  of  a  practical 
formula,  namely,  the  Massachusetts  rule  of  1901:  "The  pressure 
is  distributed  through  macadam  and  any  ordinary  gravel  or 
boulder  base  at  an  angle  of  45  °  with  the  horizontal,  and  the  result- 
ant maximum  intensity  of  pressure  on  the  subgrade  amounts  to  the 
load  at  any  point  divided  by  the  square  of  twice  the  depth  of  the 
pavement."  While  this  is  rather  a  rough-and-ready  rule,  its 
application  produces  as  good  results  as  any  basis  of  comparison, 
provided  it  is  slightly  modified  to  consider  width  of  wheel.     For- 
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mula  (1)  makes  such  minor  modifications.  A  comparison  of 
Formula  (1)  with  the  French  experiments  (Table  72)  is  shown  in 
graphic  form  in  Fig.  124,  and  indicates  essential  agreement  as  far 
as  practical  results  are  concerned,  with  the  added  indication  that 
formula  (1)  is  on  the  safe  side  for  the  usual  combinations  of  mac- 
adam top  and  boulder  bases. 

Research  engineers  are  not  likely  to  approve  heartily  of  this 
formula,  as  it  is  not  a  very  scientific  product,  but  its  simplicity, 
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Fig.  124. — Graphic  comparison  of  Formula  1  (solid  curve)  with 
French  experiments  recorded  in  Table  72  (plotted  by  crosses,  circles 
and  dots). 

its  essential  agreement  with  experimental  data,  and  the  excellent 
results  obtained  in  actual  construction  from  its  use  are  strong 
arguments  in  its  favor. 

Basic  Assumptions  (Formula  (i)).  Area  Uniform  Maximum 
Pressure. — A  hypothetical  area  of  uniform  maximum  pressure  is 
determined  by  a  line  at  an  angle  of  450  from  the  outer  limits  of 
wheel  contact.  This,  of  course,  does  not  represent  actual  condi- 
tions, but  it  is  on  the  safe  side.  The  pressure  caused  by  a  wheel 
load  is  not  uniformly  distributed  over  the  subgrade  (see  Figs.  122 
and  1 23,  p.  379).  The  maximum  pressure  occurs  directly  under  the 
wheel  and  gradually  fades  away  to  nothing  at  a  variable  distance 
from  the  point  of  load.     The  assumption  used  gives  the  same  total 
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resistance  to  the  wheel  load,  but  contracts  the  actual  area  of  the 
subgrade  receiving  variable  pressure  to  a  hypothetical  area  over 
which  the  maximum  pressure  occurring  directly  under  the  wheel  is 
considered  as  uniform.  The  essential  correctness  of  the  450  limit 
of  uniform  maximum  pressure  can  be  seen  from  Figs.  122,  123,  and 
124.  By  this  means  the  value  for  safe  supporting  power  of  soils 
can  be  used  directly. 

The  area  of  maximum  uniform  pressure  depends  on  the  area  of 
wheel  contact,  which  depends  on  width  of  tire  and  length  of  con- 
tact along  the  road.  The  width  of  tire  is  a  definite  dimension, 
recognized  and  limited  in  statutory  load  regulations.  The  length 
of  tire  bearing  along  the  surface  is  variable,  depending  on  size  of 
the  wheel  and  on  the  type  of  tire  and  load.  For  steel-tired  wheels 
it  is  small,  probably  not  over  an  inch.  For  solid-tired  heavy  com- 
mercial trucks  it  is  a  larger  value.  Since  the  steel-tire  load  is 
liable  to  occur  and  the  length  of  contact  is  variable  for  rubber 
tires,  this  dimension  will  be  neglected  and  knife-edge  contact  for  the 
full  width  of  the  tire  will  be  used.  This  gives  results  on  the  safe 
side  and,  in  effect,  usually  introduces  a  factor  of  safety  of  about 
10  to  25%.  It  is  also  assumed  that  the  wheel  load  is  far  enough 
from  the  edge  of  the  pavement  to  get  full  distribution  for  the  entire 
depth  of  pavement.  Modifications  for  edge  loading  are  con- 
sidered in  Formula  (2). 

The  formulas  for  depth  of  macadam  are  developed  on  the  basis 
outlined. 

W  =  static  wheel  load,  in  pounds  plus  impact  allowance. 
T  —  width  of  tire,  in  inches. 
d  =  depth  of  pavement,  in  inches. 

b  =  maximum  pressure  on  subgrade  due  to  wheel   load,  in 
pounds  per  square  inch. 
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Modification  of  Formula  (1)  for  Special  Location  of  Wheel 
Loads. — A  typical  maximum-load  condition  is  shown  in  Fig.  126 
for  an  iS-ft.  double-track  road.  This  is  a  rare  occurrence,  as  when 
trucks  pass  they  want  all  the  clearance  they  can  get  and  they  hug 
the  edge  of  the  road  (Fig.  127). 

These  sketches  indicate  roughly  that  there  is  not  much  prob- 
ability of  enough  overlap  of  pressure  zones  from  adjacent  wheels  in 
the  center  of  a  road  to  produce  a  greater  pressure  than  the  maximum 
directly  under  the   wheel  for  ordinary  depths  of  macadam  on 
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Fig.   126. — Location  of  passing  vehicles  for  critical  load  in  center  of 

macadam. 

ordinary  soils;  for  extreme  depth  on  very  poor  soils  such  an  overlap 
may  occur,  but  it  would  require  a  very  unusual  combination  of 
unfavorable  conditions  to  make  this  continuous  enough  to  cause 
trouble. 

On  the  side  of  the  road,  however,  edge  loading  is  very  common 
and  continuous  on  Class  I  roads,  but  it  occurs  only  at  intervals 
along  the  road  and  only  at  time  intervals  on  roads  of  Classes  II, 
III,  and  IV.     This  critical  condition  of  side  load  must  be  considered 
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Fig.   127. — Location    of    vehicles.     Critical    loading     at    edge    of 

pavement. 


if  the  macadam  type  is  used  on  Class  I  roads.  As  previously 
stated,  the  use  of  macadam  is  inadvisable  on  Class  I  roads  except 
for  special  conditions  in  reconstruction  programs.  Formula  (1) 
i  need  not  be  modified  for  roads  of  Classes  II,  III,  and  IV,  but 
probably  should  be  modified  for  Class  I  roads. 

Any  modification  is  purely  guesswork  and  is  made  more  to  point 
out  and  recognize  the  effect  of  critical  loading  on  Class  I  roads  than 
for  any  other  reason.     Under  the  worst  possible  conditions,  elimi- 
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nating  all  distributing  action  by  the  shoulder  material,  the  support- 
ing area  may  be  assumed  as 

Trd2 
2dT  -\ ,  say,  2dT  +  1.5J2. 

This  is  probably  entirely  too  low  a  value,  and  to  approximate 
conditions  and  to  give  some  value  to  shoulder  support,  the  area  will 
be  assumed  at 

2dT  -f  i.sd2  +  ir(-\ 

say  =  2.2$d2  +  2dT. 


^fcfcfe  of  Macadam 
Fig.  128. 


Using  this  value,  Formula  (1)  becomes 
For  Class  I  traffic: 
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For  traffic  of  Classes  II,  III,  and  IV: 
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Utilization  of  Formulas  (1)  and  (2)  in  Macadam-pavement 
Design. — To  utilize  these  formulas,  it  is  necessary  to  assemble  the 
values  for  load,  supporting  power  of  soils,  and  to  discuss  the  factor 
of  safety  desired.  Load  and  distributing  power  of  macadam  when 
tight  locked  are  reasonably  certain.  Live  load  will  vary  according 
to  the  traffic  the  road  will  have,  but  for  all  practical  purposes  it  is 
safe  to  use  the  statutory  limitation  plus  an  allowance  for  impact. 
The  values  given  on  page  374  contain  a  small  factor  of  safety. 
Dead  load  of  the  pavement  itself  can  be  safely  disregarded  except 
when  dealing  with  muck  or  swampy  foundation.  The  formulas 
developed  for  distribution  of  pressure  assume  the  same  distribution 
for  all  the  usual  combinations  of  base  and  top  courses  and  disregard 
reduction  in  distributing  power  due  to  frost  action  for  a  short  time 
in  the  spring.     Figure  124  indicates  that  for  the  usual  combinations 
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of  base  and  top  these  formulas  are  on  the  safe  side,  but  this  factor 
is  probably  balanced  by  the  unknown  reduction  in  distributing 
power  during  the  spring  break-up.  Safe  soil-supporting  power  is 
the  most  indefinite  factor  in  the  problem.  As  this  factor  is  largely 
a  matter  of  personal  judgment,  the  values  assigned  for  supporting 
power  of  soil  can  provide  the  desired  factor  of  safety  in  the  result. 
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Fig.  1 29 A. — Recommended  depths  of  macadam  pavements  on 
different  soils  where  the  pavement  is  located  either  in  cut  or  on  fills 
less  than  1  ft.  deep. 

The  values  given  on  page  377  were  adjusted  for  use  in  conjunction 
with  this  formula;  it  will  be  noted  that  the  values  used  for  the 
extreme  conditions  of  good  and  bad  agree  closely  with  the  Massa- 
chusetts and  French  values.  The  intermediate  values  are  based  on 
experience  in  western  New  York  for  a  number  of  years.  The  use 
of  these  values  for  districts  similar  to  western  New  York  will  give 
reasonable  results.  There  will  be  some  spring  failures,  but  not 
many,  and  for  the  balance  of  the  year  the  factor  of  safety  is  high. 
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Figures  129,  130^  and  130.8  show  graphically  the  depths  of 
macadam  obtained  by  the  use  of  Formulas  (1)  and  (2)  with  the 
recommended  live  loads  given  on  page  374  and  the  soil  values  given 
on  page  377. 

The  suitability  of  these  curves  for  any  district  can  be  easily 
determined  by  plotting  on  a  chart  the  record  of  actual  road  failures 


5  10  15  20  25  30 

£>afe  Supporting  Power  of  Soils,  pounds  per  square  msh 

Figs.  130A  and  B. — Recommended  depths  of  macadam  pave- 
ments located  on  fills.  Intermediate  fills  (1  to  3  ft.  deep).  High 
fills  (over  3  ft.  deep). 

for  the  district  in  question.  If  the  curve  derived  from  Formula  (1) 
(using  the  local  load  limitation)  is  very  much  above  the  average 
run  of  actual  blow-ups,  it  can  be  lowered  to  get  a  reasonable 
percentage  of  failure;  that  is,  this  curve  should  about  fit  the  upper 
limit  of  depth  for  the  usual  failure  on  the  different  soils.  A  few 
exceptional  cases  can  be  disregarded.     The  data  of  actual  road 
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failures  should  be  charted  in  a  similar  way  to  the  usual  chart  of 
storm    intensity    in    deriving    storm-sewer    design    assumptions 
This  method  is  illustrated  by  Fig.  131  (p.  388),  which  is  a  record  of 
observations  in  western  New  York,  1907  to  1920. 

Formulas  (1)  and  (2)  reduce  to  the  following  form  if  the  design 
loading  recommended  on  page  374  is  used: 

Class  I  roads: 

j           /48,ooo   .     Q 
d  (depth  macadam)  =  \^— ~r r  2s  -  5-3- 


Class  II  roads: 


Class  III  roads: 


Class  IV  roads: 
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These  formulas  are  used  in  the  preparation  of  Figs.  129,  130^ 

anE^3e°rience  with  Various  Depths  of  Macadam  in  Western 
New  York.— The  first  roads  built  in  this  section  (from  1898  to  1902) 
were  quite  uniformly  6"  in  thickness  over  all  kinds  of  soils  This 
was  admitted  to  be  rather  irrational  design  but  the  cost  had  to  be 
kept  down  and  it  was  considered  better  policy  to  plan  on  more  or 
less  failure  with  consequent  repair  rather  than  spend  more :  to  insure 
against  minor  failure.  As  experience  was  gamed  the  depths  were 
vSied  somewhat  over  different  soils,  but  these  depths  were  mall 
cases  much  less  than  are  used  today.  The  growth  in  motor  traffic 
wfth  heavier  loads  and  more  vehicles  has  resulted  m  the  failure  of 
most  of  these  old  thin  macadams,  and  the  old  roads  have  been 
gradually  strengthened  by  the  addition  of  extra  courses  of  stone  to 
meet  the  increased  loads.  By  observation  of  these  successive 
thickenings,  the  State  Department  of  Highways  has  had  a  very 
excellent  opportunity  of  drawing  reasonable  conclusions  as  to  the 
depths  required  for  handling  modern  traffic  on  different  soils. 

There  has,  however,  been  no  systematic  official  effort  to  gather 
these  data  in  a  complete  and  convincing  manner  and  what  data 
are  avSable  are  due  to  the  individual  efforts  of  a  few  of  the  engi- 
neers Officially,  the  experience  of  20  years  has  been  town  away 
'as  far  as  definite  tabulated  data  in  regard  to  economical  macadam 
depths  under  different  conditions  go.  This  is  very  typical  of  the 
attitude  towards  highway  work  in  many  cases,  ^d.sonm«  f«c^! 
have  even  said  that  they  did  not  want  to  know  too  much  about 
the  economics  of  different  types  of  pavements.  This  general 
attitude  fe  being  gradually  discredited,  and  there  are  hopes  that  in 
time  an  effort  wfll  be  made  to  record  the  number  of  square  yards  of 
dSerent  depths  on  different  soils  with  the  yearly  percentages  of 
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failure  for  the  various  depths  and  in  this  way  gain  some  reliable 
means  of  balancing  original  cost  against  minor  repair.  This 
method  has  been  used  by  various  cities  in  determining  economic 
depth  of  concrete  foundations  for  street  pavements. 

Sofe  Supporting  Power  of  Soils,  lbs.  per  square  inch 
40  5  l0  l5  ?°  K  30 


Fig.   131. 
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Safe  Supporting  Power  of  Soils,  lbs. per  square  inch 

-Comparison  of  theory  with  record  of  actual   successes 
and  failures. 


The  following  statements  summarize  the  experience  and  judg- 
ment of  a  number  of  the  engineers  of  Division  4  who  have  kept 
records  of  successes  and  failures  under  the  test  of  modern  traffic, 
including  army  trucking  during  the  war. 

"Pavements  22"  thick  laid  on  poor  clay  and  stiff  muck  soils  have  in  a  few 
exceptional  cases  rutted  badly  under  Class  II  traffic.  Pavements  23  to  27" 
thick  under  similar  soil  and  traffic  conditions  have  retained  their  shape  and 
nave  required  only  minor  repair.      This  represents  the  worst  soil  conditions 
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encountered  in  this  territory.  As  a  rule,  a  depth  of  20"  even  on  very  poor 
clay  holds  Class  II  traffic  with  only  minor  failures.1 

"On  coarse  sand  and  fine  gravels,  we  have  cases  where  a  7"  depth  h 
serving  Class  I  traffic  with  no  evidence  of  weakness,  but  these  are  exceptional 
cases.  As  a  rule,  9"  is  considered  about  the  minimum  serviceable  depth  for 
Class  I  on  excellent  soils. 

"For  loams,  7  to  8"  depths  have  in  some  cases  lasted  well  under  Class  II 
traffic,  but  as  a  rule  10  to  12"  is  considered  necessary  to  avoid  too  much 
maintenance. 

"For  ordinary  clays  9"  often  lasts  quite  well  under  Class  II  traffic,  but 
enough  trouble  has  occurred  even  with  12"  depth  on  these  soils  to  warrant 
15  to  18"  as  a  reasonable  design  depth  under  Class  II  or  III  loading." 

Current  Practice  in  Macadam  Depths  (1922). — In  order  to  coordi- 
nate this  experience  with  other  localities,  Table  73  records  the  range 
in  macadam  depths  used  by  other  states.  Figure  131  shows  a 
graphic  method  of  charting  successes  and  failures. 


Table  73. — Range  in  Macadam-pavement  Depths 


State 


Minimum  depth 

on  firm  soils, 

inches 


Maximum  depth  on 
poor  soils,  inches 


New  York.  . . . 
Rhode  Island. 

Indiana" 

Pennsylvania". 
West  Virginia" 

Arizona 

Wisconsin".  .  .  . 

California 

Washington.  .  . 


8  (gravel  soil) 
6 
11 
9 


12-30  quicksand 

0-20 

14  or  more 

12  or  more 

12  or  more 

Whatever  needed 

12  or  more 

Whatever  needed 

12  or  more 


"  The   maximum   depths   given   for  these   states   do   not   indicate   actual 
extreme  maximums  for  short  stretches  of  exceptionally  poor  soil  conditions. 


Effect  of  Soil  and  Total  Depth  on  Selection  of  Foundation 
Courses  for  Macadam  Pavements. — No  matter  what  total  pave- 
ment depth  is  required,  the  upper  3)^  to  9"  are  usually  of  the  true 
broken-stone  or  broken-slag  macadam.  Below  this  macadam, 
either  stony  gravel,  boulder  base,  or  quarry-stone  Telford  can  be 
used  to  get  the  total  depth  required  with  the  least  cost.  If  quick- 
sand or  wet  clay  is  encountered,  at  least  6"  of  cinders  or  gravel 
should  be  placed  as  the  lowest  layer  in  order  to  blanket  the  soil 
and  prevent  its  working  up  into  the  stone  courses.  Above  this 
either  gravel  or  boulder  base  or  Telford  can  be  used,  capped  with 
the  usual  broken-stone  bottom  and  top  courses.  In  case  gravel 
subbase  is  used  for  the  entire  depth  of  subbase,  at  least  5  to  9"  of 
macadam  must  be  used  for  the  cap,  as  it  is  not  safe  to  produce  a 
pressure  of  over  30  lb.  per  square  inch  on  fine  gravel  without  danger 
of  rutting,  and  the  object  of  the  overlying  macadam  is  to  reduce 
wheel  pressure  to  this  value  (see  Fig.  130^  gravel  soils).  If  the 
gravel  subbase  is  exceptionally  coarse  stony  gravel,  it  is  safe  to 
reduce  the  macadam  cap  thickness  to  4"  for  Class  IV  roads  and  to 

1  For  deep  macadams,  the  upper  3^2  to  7"  are  usually  broken-stone 
macadam  with  the  balance  of  the  depth  coarse  gravel,  boulders,  or  Telford 
subbase  courses. 
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8"  for  Class  I  roads.  If  boulder  or  Telford  base  immediately  under- 
lies the  macadam,  the  thickness  of  the  macadam  can  be  reduced  to 
3/4  to  5",  as  the  boulder  base  has  better  supporting  power  than  the 
gravel  for  direct  concentrated  loading;  that  is,  the  object  of  mac- 
adam cap  over  the  boulder  base  is  to  smooth  the  road  for  the  use  of 
traffic. 

The  line  of  pressure  distribution  is  about  the  same  through 
boulder  base  or  gravel,  with  the  evidence  slightly  in  favor  of  the 
gravel. 

The  use  of  gravel  for  subbase  does  not  increase  the  total  neces- 
sary pavement  depth,  but  it  does  increase  the  necessary  thickness 
of  the  true  macadam  type  of  surfacing  (see  Figs.  132  and  133). 

For  any  depth  up  to  8"  the  true  macadam  top  and  bottom  courses 
are  generally  selected.  For  greater  depths,  any  combination  can 
be  used,  keeping  the  depth  of  the  macadam  capping  to  the  minimum 
safe  depth  for  the  type  of  subbase  used. 

3j%  6  "Macadam  Macadam  Top  Course  ?po  3° 

^Capping  mane  or  two  courses  I         .Maccxbm  Bottom  3MhS" 


Any  Required  Depth  \  j,    \      .         |  Total.  Macadam  S^  h  8 


6  or  more  of  Cinders  Any  Required  Depth 

or  Coarse  Gravel  over  Quicksand 
or  Wet  Gay 

Fig.  132.  Fig.   133. 

Figs.   132  and  133. — Effect  of  type  of  base  on  thickness  of  macadam 

surface. 

Recommended  Depths. — From  the  foregoing  theoretical  and 
practical  data  the  following  recommended  depths  are  derived 
(Table  74).  Such  recommendations  are  intended  for  use  in  locali- 
ties subject  to  severe  winters  and  for  the  design  loading  outlined  in 
Table  68  (p.  374).  They  are  intended  as  a  guide  only,  to  indicate 
the  trend  of  design  practice.  There  is  no  intention  of  creating  the 
impression  that  they  are  necessarily  the  best  solutions  for  all  cases, 
but  they  can  be  used  with  assurance  of  reasonable  success  in  case 
local  practice  has  not  been  crystallized  by  long  experience. 

The  foregoing  discussion  shows  that,  while  in  a  strict  sense 
macadam-pavement  depth  is  not  susceptible  to  true  engineering 
design,  it  is  susceptible  to  a  rational  analysis  which  tends  to 
produce  better-balanced  results  than  the  purely  hit-or-miss  methods 
that  have  been  more  or  less  in  use  for  the  past  15  years.  The 
flexible  type  of  pavement,  is  generally  the  most  economical  type  for 
90%  or  more  of  the  road  mileage  in  most  localities,  and  for  this  reason 
rational  design  is  essential. 

Asphaltic-concrete  and  Block  Surfacing  on  Macadam  Bases. — 
This  type  of  road  is  a  desirable  design  where  an  old,  firm,  well- 
consolidated  macadam  road  needs  a  better  type  of  surface.  Asphal- 
tic  concrete  or  any  high-type  block  surface  should  never  be  laid  on  new 
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Table  74. — Recommended  Total  Depths  of  Flexible  Pave- 
ments   in   Localities    Subject   to    Severe    Winters    (in 

Inches) 


Class  I  traffic  (over  2000  vehicles  daily,  10-hr.  count  in  summer) 
(Macadam  not  usually  economical  on  Class  I  roads) 

Soil 

Location  of  road 

In  cuts  or  on 

shallow  fills 

less  than  i' 

deep 

On  inter- 
mediate fil  s 
1  to  3'  deep 

On  high  fills 
over  3'  deep 

Coarse  sand  and  fine  gravel 
Loams 

0-10 

10-14 
15-21 
22-30 

9-10 
10-12 
12-16 
14-18 

9 
10 
11 
13 

Ordinary  clays 

Heavy  clays  and  fine  sands 

Class  II  traffic  (800  to  2000  vehicles  daily,  10-hr.  count  in  summer) 

Sand  and  gravel 

8-  9 

0-12 

12-18 

18-28 

8-  9 

9-11 

n-15 

13-16 

8 

9 

10 

12 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands 

Class  III  traffic  (300  to  800  vehicles  daily,  10-hr.  count  in  summer) 

Sand  and  gravel 

7-  8 

8-10 

12-16 

18-24 

7-  8 

8-  9 
9-14 

12-15 

7 

8 

9 

II 

Heavy  clays  and  fine  sands 

Class  IV  traffic  (less  than  300  vehicles  daily) 

Sand  and  gravel 

6-  7 

7-  9 
10-15 
15-22 

6-  7 

7-  8 
8-12 

10-14 

6 
7 
8 
9 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands 

macadam,  as  it  is  impossible  to  get  complete  consolidation  of  macadam 
without  the  added  help  of  traffic  pounding. 

Firm  macadam  bases  having  the  thicknesses  previously  discussed 
make  an  ideal  foundation  for  asphaltic  concretes  and  block  with 
mastic  fillers,  as  temperature  cracks  are  largely  eliminated.  Tem- 
perature cracks  are  the  main  difficulty  encountered  where  these 
pavements  are  laid  on  concrete  foundations.  Very  excellent 
results  have  been  obtained  in  Rochester,  N.  Y.,  where  this  type  of 
construction  has  been  used  extensively. 

The  general  conclusion  to  be  drawn  is  that  where  an  old,  firm  macadam 
of  adequate  depth  has  been  constructed  in  the  past  it  makes  an  excellent 
base  for  a  higher-type  surfacing.  For  the  quick  construction  of  an 
asphalt  or  brick  surface  on  a  heavy-traffic  unimproved  road  the  con- 
crete base  is  the  most  feasible  design.     It  is  well  to  bear  in  mind, 
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however,  that,  while  from  a  practical  standpoint  the  use  of  a  concrete 
base  on  a  new  grading  is  the  best  solution  for  quick  results,  expen- 
sive failures  often  result  from  the  construction  of  concrete  on  new 
fills  or  over  sewer  trenches  that  have  not  had  time  to  settle;  it  is 
desirable  to  wait  at  least  a  season  after  a  road  is  graded  before 
placing  a  rigid  pavement.  This  delay  is  rarely  possible,  but  if  it  is 
feasible  the  macadam-base  type  has  the  advantage,  as  the  macadam 
base  gives  good  service  to  traffic  while  it  is  consolidating  and  even- 
tually produces  a  more  satisfactory  base  than  concrete  except  for 
exceptionally  heavy  volume  and  unit  traffic  (Class  I  roads) .  Where 
asphaltic  concrete  is  used  on  top  of  macadam,  the  depth  of  asphaltic 
surface  can  be  considered  as  equivalent  to  an  equal  depth  of  mac- 
adam. On  this  basis  Table  74  is  directly  available  for  computing 
required  total  depths. 

STRENGTH  DESIGN,  RIGID  PAVEMENTS 

Rigid-pavement  Design. — Rigid  pavements  are  more  difficult 
to  analyze  for  strength  design  than  the  macadam  type,  but  an 
approximation  can  be  derived.  The  following  discussion  is  not  a 
scientific  analysis  in  any  sense  of  the  word,  as  this  is  impossible 
at  the  present  stage  of  experimental  knowledge.  It  is  desirable, 
however,  to  develop  empirical  formulas  which  are  based  on  available 
experimental  data  coordinated  with  actual  traffic  tests. 

Considerable  progress  has  been  made  in  the  last  few  years  towards 
a  fairly  well-balanced  design  of  strength.  Investigations  in 
regard  to  temperature  warping,  fatigue  of  materials,  soil  support, 
etc.  have  established  fairly  definite  general  principles  which  have 
modified  the  old-style  design  to  advantage.  These  modifications 
include  reduction  in  unit  width  of  monolithic-type  slabs,  increase 
in  the  strength  of  the  outer  edge  of  narrow  rural  highway  pave- 
ments, and  improvement  in  quality  and  manipulation  of  materials. 
Theory  developed  from  experimental  research  seems  to  have  been 
essentially  verified  by  traffic  tests,  and  while  there  is  considerable 
range  for  judgment  in  assigning  values  to  the  various  factors  in  the 
formulas,  there  is  no  serious  disagreement  in  regard  to  essentials. 
A  discussion  of  formulated  design  is  given  with  the  idea  of  bringing  out 
the  factors  of  the  problem  for  the  student  rather  than  of  providing 
hard-and-fast  standards  of  designs.  As  a  matter  of  fact,  a  careful 
analysis  of  any  theoretical  discussion  of  pavement  design  shows 
plainly  that  experience  with  actual  traffic  tests  is  the  most  reliable 
basis  for  action.  Table  86  (p.  426)  gives  the  summarized  recom- 
mendations based  on  both  theory  and  practice.  This  table  is  of 
definite  practical  value. 

Design  Fundamentals  (Rigid  Slabs). — As  outlined  on  page  366, 
rigid  pavements  are  designed  to  bridge  over  small  areas  where  there 
is  either  partial  or  complete  loss  of  soil  support.  If  large  areas  of 
the  subgrade  settle  materially,  the  pavement  fails;  it  is  necessary  to 
provide  enough  slab  strength  to  bridge  all  areas  of  poor  soil  support 
which  ordinarily  occur  under  the  usual  construction  conditions,  but 
the  cost  of  designing  a  pavement  for  exceptional  areas  of  settlement 
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is  prohibitive.1  It  is,  of  course,  impossible  to  determine  exactly 
what  size  these  commonly  occurring  weak  areas  will  be,  and  it  is 
necessary  to  assume  some  maximum  condition  of  loss  of  soil 
support  for  which  provision  will  be  made.  The  so-called  corner- 
load  formula,  developed  in  19 19  by  the  Illinois  Highway  Depart- 
ment, Clifford  Older,  Chief  Engineer,  seems  to  afford  a  practical 
mathematical  basis  of  comparison  of  slab  strengths  ordinarily 
needed  to  produce  economical  pavements  which  will  not  have  too 
great  percentages  of  weak  areas.  This  formula  should,  however, 
be  used  as  an  index  of  relative  strength  rather  than  as  a  basis  of  absolute 
strength,  as  it  eliminates  soil  support  as  a  direct  factor  in  the 
computations. 

Observed  pavement  failures  indicate  the  predominance  of  corner- 
area  weakness.  Recent  experiment  has  determined  that  soil  con- 
tact under  corners  and  along  the  edges  of  slabs  is  quite  commonly 
completely  lost,  or  at  least  reduced  to  negligible  value.  This  con- 
dition is  due  to  temperature  warping,  to  compression  of  subgrade 
due  to  edge  deflection  of  slabs  under  heavy  traffic,  and  to  increase  in 
the  moisture  content  of  the  subgrade  soil  by  ground-water  seepage 
and  the  seepage  of  surface  water  through  cracks  and  down  through 
ruts  along  the  edge  of  the  pavement.2  The  extent  and  the  fre- 
quency of  serious  loss  of  soil  support  can  be  reduced  by  narrowing 
the  width  of  slabs,  by  constant  sealing  of  surface  cracks,  by  well- 
constructed  and  maintained  shoulders,  and  by  effective  under- 
drainage,  but  even  with  the  greatest  care  in  these  particulars  soil 
support  is  unreliable  at  corners.  These  recognized  conditions  led 
to  the  development  of  the  corner-load  formula.     It  is  expressed  as 

lw 

S  ' 
in  which    d  =  depth  of  slab,  in  inches. 

W  =  design  wheel  load,  in  pounds. 
S  =  maximum  allowable  design  tension  value,  in  pounds 

per  square  inch. 
/  =  variable  factor  determined  by  load  distribution  and 
location  of  critical  load. 

Soil  support  is  disregarded  as  a  direct  factor  in  the  computations. 
While  all  the  factors  W,  S,  and  J  are  more  or  less  indefinite, 
actual  road  service  tests  are  rapidly  eliminating  any  wide  range  of 
uncertainty.  The  formula  can  be  used  directly  for  most  cases  with 
good  results,  but  it  has  more  real  value  as  an  index  of  relative 
strength  than  as  a  basis  of  design  of  absolute  strength  on  account 
of  complete  disregard  of  soil  support.  The  results  obtained 
by  the  formula  are  susceptible  to  percentage  modifications  due  to 
reasonable  allowances  for  normal  conditions  of  some  soil  support. 
Such  modifications  depend  on  direct  traffic  tests  for  normal  condi- 
tions.    The  impossibility  of  exactly  determining  the  value  of  soil 

1  Some  efforts  have  been  made  to  develop  an  economical  design  on  the  basis 
of  pillar  support  extending  below  frost  line.  This  basis  of  design  simplifies 
the  design  stress  problem,  but  it  is  not  likely  that  any  system  of  bridge-floor 
slab  design  can  compete  economically  with  a  base  partially  in  contact  with 
the  earth  subgrade. 

2  "Bates  Experimental  Road"  Bulletins,  Illinois  Department  of  Highways. 
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support  is  the  stumbling  block  in  applying  scientific  design  to  any 

type  of  pavement,  either  rigid  or  flexible.     The  formula  is  developed 

as  follows: 

The   Corner-load  Formula. — Rigid   pavements   are   considered 

as  a  series  of  slabs.     This  is  essentially  correct,  for  most  modern 

monolithic  pavements  are  constructed 
with  well-defined  joints,  and  most  two- 
course  pavements  which  may  be  originally 
constructed  as  a  continuous  slab  are  later 
broken  up  by  temperature  and  traffic 
action  into  a  series  of  slabs.  Mr.  Older 
is  quoted  as  follows: 

"Corners  Critical  Points. — It  may  be  safely- 
stated  that  cracks  and  joints,  if  properly  cared 
for,  affect  the  life  of  a  rigid  slab  only  as  they  may 
affect  its  strength  or  load-carrying  capacity. 


Edge  of Pavemen^ 


B  Joint? 


Fig 


134. — Typical 
cracks. 


Fig.  134.4. 


Line  of  effective 
sotlsupport 


-Corner  load  formula 
diagram. 


"It  is  not  necessary  to  apply  mathematical  calculations  to  develop  the 
fact  that  a  load  applied  near  the  center  of  a  comparatively  large  unbroken 
pavement  slab  would  produce  much  lower  stresses  therein  than  would  be 
produced  were  the  same  load  applied  at  or  near  the  edge  of  the  same  slab. 
Further,  it  is  evident  that  a  load  applied  at  the  edge  of  an  unbroken  slab 
would  not  produce  stresses  as  great  as  those  produced  by  the  same  load 
placed  at  a  corner  formed  by  cracks  or  joints.  It  is  obvious  that  these  are 
bending  stresses  which  must  be  withstood  by  the  resisting  moment  of  the 
slab. 

"Regardless  of  the  supporting  capacity  of  the  subgrade,  it  is  the  corners 
formed  by  intersection  of  cracks  or  joints  with  each  other  and  with  the  edges 
of  the  pavement  that  constitute  the  weak  points  of  rigid  slab  pavements. 
On  the  Illinois  roads  which  carry  truck  traffic  many  broken  corners  have  been 
observed  in  all  types  of  rigid  pavements,  and  only  in  a  single  instance  has  a 
traffic  break  been  observed  that  was  not  readily  traceable  to  the  piecemeal 
breaking  down  of  corners  or  narrow  strips  formed  by  longitudinal  cracks 
making  acute  angles  with  the  edge  of  the  slab.  The  exception  was  an 
asphalt  top  pavement  on  a  1:  3:  5  concrete  base  4"  thick  at  the  sides  and  5" 
thick  in  the  center,  which  broke  into  small  pieces  under  excessive  truck 
traffic.  An  examination  of  the  base  showed  that  its  transverse  strength 
had  been  exceeded  even  in  the  center  of  the  slab.  No  concrete  slab  6" 
or  more  in  thickness  has  broken  except  at  corners  or  except  over  trenches  or 
other  causes  of  localized  settlement. 

"Until  we  are  able  to  control  completely  the  cracking  of  rigid  slabs  it 
seems  obvious  that  we  must  design  the  entire  slab  to  carry  the  imposed  loads 
at  the  weak  point — the  corners," 
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The  last  paragraph  of  Mr.  Older's  statement  must  not  be  con- 
strued to  mean  that  pavements  must  be  of  uniform  thickness 
throughout,  as  this  would  result  in  unbalanced  and  uneconomical 
design;  that  is,  the  location  of  corners  (such  as  along  the  edge  of 
the  pavement  as  compared  with  interior  corners)  and  other  factors 
later  discussed  have  considerable  bearing  on  the  stress  produced 
by  normal  wheel  loads.  If  due  allowance  is  made  for  the  location 
and  special  conditions  of  load  application  at  different  kinds  of 
corners,  this  test  (corner  resisting  moment)  can  be  used  quite  suc- 
cessfully in  the  design  of  pavement  strength. 

The  relation  of  traffic  load  to  necessary  corner  resisting  moment 
of  the  slab  is  quite  simple,  assuming  complete  loss  of  soil  support  for 
a  small  area  under  the  corner,  load  applied  at  extreme  corner,  inter- 
section angle  of  joints,  sides,  and  cracks  900. 

The  resisting  moment  of  the  slab  along  the  line  AB  (Fig.  134^)  is 

SI  ^  Sbd*  =  Sbd2 

d         6d  6   ' 

2 

where  R  =  resisting  moment  of  slab. 

S  =  allowable  tensile  stress  in  outer  fiber. 

bd3 

I  =  moment  of  inertia  of  the  section  along  line  AB  = 

12 

d  =  depth  of  slab,  in  inches. 

b  =  distance  AB,  in  inches. 
The  load  moment  is  expressed  as  load  L  in  pounds,  times  the 
moment  arm  CD  in  inches.     At  right-angle  corners  the  distance 

CD  is  always  one-half  of  AB  =  -  no  matter  what  distance  CD 

becomes.  This  gives  a  constant  relation  between  the  load  moment 
and  resisting  moment,  regardless  of  variations  in  the  size  of  areas 
of  no  support  under  corners. 

Load  moment  M  =  — 
2 

The  load  moment  and  the  resisting  moment  must  be  the  same  where 

soil  support  is  completely  lost. 

Lb  =Sbd2 

2     .      6 

d  ~s 


=# 


IjW 
For  convenience,  this  is  modified  to  d  =    ^  — c~~  where  W  equals 

the  design  wheel  load  (discussed  on  p.  374) ,  /  equals  3  X  the  decimal 
part  of  W,  which  can  be  considered  as  applied  at  the  extreme  cor- 
ner, and  S  equals  the  maximum  allowable  design  tension  value  for 
the  material  or  combination  of  materials  making  up  the  road  slab. 
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Utilization  of  Corner-load  Formula  in  Design. — The  successful 
use  of  this  formula  depends  on  the  determination  of  reasonable 
values  for  tensile  strength  of  the  slab  S,  wheel  load  W,  load  dis- 
tribution at  joints  in  conjunction  with  location  of  load  /,  and  soil- 
support  modifications  which  control  the  factor  of  safety  of  the 
finally  adopted  depth.  A  short  discussion  of  each  factor  follows. 
They  will  then  be  assembled  for  the  different  types  of  pavement 
and  a  table  prepared  which  shows  roughly  the  effect  of  load  on 
depth  and  compares  the  depths  required  for  the  different  types  of 
pavement  under  specified  legal  load  limits. 

Design  Values  for  Tensile  Strength  S. — Pavement  slabs  are 
constructed  of  plain  concrete  without  any  reinforcement,  concrete 
containing  small  percentages  of  imbedded  steel,  combinations  of 
cement  concrete  and  brick  with  a  fairly  firm  bond  (so-called  mono- 
lithic brick),  and  combinations  of  bituminous  concrete  or  block 
surfaces  on  cement-concrete  bases  with  a  well-defined  plane  of 
weakness  between  base  and  surface  courses.  All  pavement  slabs 
subject  to  bending  stresses  fail  from  tension  weakness.  It  is  well 
established  that  it  is  uneconomical  and  impracticable  to  attempt  to 
reinforce  thin  pavement  bases  with  enough  steel  to  take  full 
advantage  of  the  compressive  strength  of  concrete.  The  tensile 
resistance  of  concrete  can  be  raised  slightly  for  small  areas,  such  as 
corners,  by  means  of  bar  reinforcement.  Construction  imperfec- 
tions in  mix  and  materials  can  be  equalized  by  light  rnesh,  which 
acts  as  a  fibrous  tie,  and  the  use  of  small  amounts  of  steel  in  this  way 
permits  a  rise  in  allowable  design  stress.  If  failure  occurs  it  is 
always  a  tension  failure.  It  is  therefore  necessary  to  consider  only 
the  safe  tensile  strength  of  the  materials  or  combination  of  materials 
in  computing  slab  strength. 

In  adopting  values  for  tension  to  be  used  in  the  corner-load 
formulas,  it  is  desirable  to  use  the  highest  reasonable  value,  as  there 
is  no  objection  to  a  small  percentage  of  pavement  failure.  The 
values  given  at  the  close  of  this  portion  of  the  discussion  have  been 
tentatively  adopted,  as  their  use  in  conjunction  with  the  distribu- 
tion factors  and  wheel  loads  recommended  seem  to  result  in  pave- 
ment thicknesses  which  have  proved  to  be  adequate  under  tests 
of  modern  traffic.  These  values  are  somewhat  higher  than  many 
authorities  advise. 

The  discussion  of  design  tension  values  is  based  on  the  modulus 
of  rupture  of  materials.  The  term  "modulus  of  rupture"  is  defined 
as  follows  by  Hool  and  Johnson: 

"The  transverse  or  beam  strength  of  granular  brittle  materials  like 
mortars  and  concretes  is  best  expressed  by  the  modulus  of  rupture.  The 
modulus  of  rupture  is  the  apparent  stress  in  the  extreme  fiber  of  a  transverse 
test  specimen  under  the  load  which  produces  rupture.  For  specimens  of 
rectangular  section  of  breath  b  and  depth  d,  loaded  centrally  on  a  span  L, 
the  breaking  load  being  W,  the  modulus  of  rupture  is  computed  by  the 
formula 

Modulus  of  rupture  =     ,  ,„  • 
2bd2 

"The  extreme  fiber  stress  thus  computed  is  not  the  actual  fiber  stress, 
because  the  formula  involves  the  inaccurate  assumption  that  the  material 
deforms  elastically  for  all  stresses  up  to  rupture.  The  comparative  relations 
between  results  are  not  affected  by  this  inaccuracy  of  the  formula,  however, 
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when  the  tests  compared  are  made  upon  specimens  of  similar  material, 
because  the  computed  values  of  the  modulus  of  rupture  are  very  nearly 
proportional  to  the  actual  stresses. 

"Since  the  extreme  fiber  stresses  on  the  tension  side  and  on  the  compres- 
sion side  of  a  beam  of  homogeneous  material  are  equal,  the  tensile  strength 
of  mortar  or  concrete  is  only  a  small  fraction  of  the  compressive  strength, 
the  transverse  strength  of  mortar  or  concrete  is  almost  wholly  dependent 
upon  the  tensile  strength.  The  modulus  of  rupture  found  in  transverse 
tests  will  invariably  be  considerably  in  excess  of  the  tensile  strength,  how- 
ever, because  the  computed  stress  in  the  extreme  fiber  considerably  exceeds 
the  actual  stress." 

Modulus  of  Rupture  of  Plain  Concrete. — For  a  number  of  years 
it  has  been  quite  well  established  that  loads  producing  computed 
stresses  exceeding  50  to  60%  of  the  modulus  of  rupture  of  plain 
concrete  result  in  permanent  deflections.  Recent  experiments  by 
the  Illinois  Highway  Department  on  the  effect  of  repetition  of  load 
on  rupture  have  shown  that  loads  producing  computed  stresses  of 
37%  of  the  modulus  of  rupture  can  be  repeated  1,000,000  times 
without  causing  failure;  loads  producing  stresses  of  53%  of  the 
modulus  of  rupture  were  repeated  from  40,000  to  200,000  times 
before  rupture  occurred;  loads  producing  stresses  of  70%  of  the 
modulus  of  rupture  broke  the  test  piece  after  repetitions  of  from  a 
few  hundred  to  a  few  thousand  applications.  To  prevent  rupture 
due  to  unlimited  repetition  of  load,  it  is  therefore  desirable  to  adopt 
a  design  stress  of  about  45%  of  the  modulus  of  rupture. 

The  modulus  of  rupture  of  concrete  pavements  or  bases  has 
considerable  range  in  value,  depending  on  the  mix,  age  of  concrete, 
and  perfection  of  construction  operations.  It  would  be  impracti- 
cable and  uneconomical  to  attempt  to  use  a  design  tension  value 
which  would  prevent  occasional  failure  of  fresh  concrete  under 
repeated  heavy  loading. 

New  pavements  are  generally  opened  to  traffic  in  14  to  28  days 
after  construction.  It  is  necessary  to  provide  enough  strength  at 
this  time  to  prevent  corner  breaks  due  to  the  loading  produced 
by  normal  traffic.  The  pavement  must  be  able  to  handle  immedi- 
ately a  few  applications  of  the  maximum  permissible  wheel  load,  but 
it  is  not  rational  to  make  the  pavement  strong  enough  at  this  stage  to 
stand  repeated  rapid  applications  of  the  maximum  legal  load,  nor  is 
it  likely  that  this  condition  will  occur  except  under  very  unusual 
conditions. 

The  pavement  must  be  strong  enough  when  first  opened  to  permit 
continual  application  of  the  loads  produced  by  the  usual  vehicle, 
but  these  loads  are  far  below  the  legal  maximum.  The  maximum 
wheel  pressure  permitted  by  law  is  produced  only  by  a  very  small 
percentage  of  the  vehicles  operating  on  the  usual  road.  These 
vehicles  in  passing  over  the  pavement  apply  their  load  only  at 
critical  corner  points  to  a  very  small  percentage  of  the  slab  corners. 
It  is  not  likely  that  a  single  slab  corner  has  the  maximum  legal  load 
applied  to  the  extreme  corner  with  greater  frequency  than,  say, 
one  one-hundredth  of  1%  of  the  number  of  vehicles  using  the 
road  The  concrete  rapidly  gains  strength  with  age,  so  that,  when 
a  design  tension  value  is  adopted  high  enough  to  prevent  rupture  at 
the  28-day  age  for  the  maximum  load  without  considering  the  effect 
of  repetition,  the  probabilities  are  all  in  favor  that  it  will  gain 
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strength  fast  enough  to  take  care  of  the  maximum  loads  as  they 
occur. 

A  value  of  about  65%  modulus  of  rupture  is,  therefore,  recom- 
mended for  28-day  concrete  in  conjunction  with  the  maximum  legal 
wheel  load.  This  means  that  the  stress  produced  by  the  ordinary 
light  vehicles  is  less  than  50%  of  the  modulus  of  rupture  at  28-day 
age  and  can  be  repeated  indefinitely  even  at  that  stage.  Within  6 
months  or  a  year  the  concrete  will  probably  gain  sufficient  additional 
strength  to  stand  indefinite  repetitions  of  the  maximum  legal  load. 
If  some  corners  break  during  the  first  few  months,  they  can  be 
repaired  under  the  item  of  minor  repair.  For  exceptional  roads 
carrying  a  large  volume  of  heavy  trucking,  it  is,  perhaps,  desirable 
to  reduce  the  design  tension  values  somewhat,  or  to  insist  on  longer 
ageing  before  the  road  is  opened  to  traffic. 

The  following  tabulation  shows  the  approximate  ratio  of  the 
design  stress  recommended  for  1:1^:3  concrete  to  the  modulus  of   [ 
rupture  at  28  days,  6  months,  and  a  year. 


Recommended  design  tension  value 

Approximate  ratio  of  recom- 
mended stress  to  modulus  of 
rupture 

28  days 

6  months 

1  year 

65% 

50% 

45% 

The  ratio  of  modulus  of  rupture  to  compressive  strength  (28-day) 
determined  for  ordinary  road  concrete  mixes  on  6  by  12"  cylinders 
is  approximately  23%  (see  Table  75). 

The  tabulation  belo  ,v  gives  the  recommended  values  for  S  tension 
to  be  used  in  the  corner-load  formula  for  plain  concrete  pavement 
and  base  design: 

Adopted  Values   (S)   Design   Tensile   Strength  Value  for 
Plain  Concrete  Pavements  and  Pavement  Bases 

1:1^:3  mix 400 

1:2:4  mix 360 

1:2)^:5  rnix 32° 

1:3:6  mix1 280 

1  Recent  tests  (192 1)  by  the  Bureau  of  Public  Roads  indicate  that  the 
strength  of  1:3:6  concrete  tested  for  beam  action  is  about  80%  of  the  strength 
of  1:  iJ-S:  3  mix,  while  the  ratio  of  direct  compressive  strength  of  these  mixes 
is  1:2.     The  adopted  values  use  a  ratio  of  70%  for  beam  action. 

Tables,  75,  and  75^  give  reliable  test  values  of  the  modulus 
of  rupture  and  serve  as  the  supporting  data  for  the  recommended 
values. 

Table  76  compares  direct  tension  with  modulus  of  rupture. 
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Table  75^4. — Transverse  Strength  of  Mortars  and  Concretes 
(Tests  of  William  B.  Fuller) 


28-day  ag« 

:.      Modulus  of  rupture, 

Proportions  by- 

Proportions  by 

(po 

ands  per  square  inch) 

weight,  cement, 

volume,  cement, 

sand,  stone 

sand,  stone 

Maximum 

Minimum 

Average  of  6 

i:  i:    2 

1:1.17:    2  .06 

798 

646 

710 

i 

i:    3 

1:1.17:    3.09 

732 

573 

656 

i 

2:    4 

1:2.34:    4.12 

480 

399 

439 

i 

2:    5 

1:2.34:    5.17 

413 

349 

380 

i 

3:    5 

1:3.51:    5-17 

308 

262 

285 

i 

3:    6 

1:3.51:    6.21 

246 

213 

226 

i 

4:    8 

1:4.68:    8.25 

158 

156 

157 

i 

6: 10 

1:7.02:10.34 

9i 

87 

89 

Table  76  compares  the  value  of  direct  tensile  strength  tests  with 
modulus  of  rupture. 

Table  76 


Mix 

Ultimate  tensile 
strength,  pounds 
per  square  inch 

Modulus  of  rupture, 
pounds  per 
square  inch 

1:1^:3 
1:2:      4 
1:2^:5 
1:3:      6 

300-450 
250-350 
200-300 
150-250      • 

500-700 
400-600 
350-450 
250-400 

Modulus  of  Rupture  of  Reinforced  Concrete. — The  proper  use  of 
steel  in  road  design  is  discussed  on  page  465.  It  is  sufficient  to 
note  at  this  point  that  light  mesh  weighing  from  0.25  to  0.65  lb.  per 
square  foot  has  been  found  useful  in  raising  the  average  strength  of 
the  concrete  throughout  the  slab,  and  that  corner-bar  reinforce- 
ment of  sufficient  area  to  raise  the  modulus  of  rupture  materially 
at  such  points  is  common  practice. 

Experimental  data  on  the  effect  of  small  percentages  of  steel  on 
modulus  of  rupture  are  very  meager.  Experiments  by  the  Bureau 
of  Mines,  Lewis  Institute  (Professor  Abrams),  and  at  Cornell  give 
some  basis  for  assumptions  in  this  matter,  but  the  experiments  do 
not  cover  a  very  wide  range  of  size  and  spacing  of  steel  bars  or  wire 
mesh  and  are  not  conclusive  as  yet  (see  Tables  77-4  and  77.B). 
The  results  indicate  that  light  bar  reinforcement  having  an  effective 
area  of  less  than  two-tenths  of  1%  has  practically  no  effect  in 
increasing  the  modulus  of  rupture  of  the  beam.  Experience, 
however,  shows  that  light  mesh  weighing  about  0.25  to  0.4  lb.  per 
square  foot  and  having  an  effective  area  of  about  five-hundreths 
of  1%  apparently  has  considerable  effect  in  reducing  corner  cracks. 
This  is  probably  due  to  its  action  as  a  fibrous  tie  in  equalizing  con- 
struction imperfections.  The  use  of  even  the  light  mesh  seems  to 
warrant  a  slight  increase  in  the  value  of  S  for  infrequent  internal 
crack  corners  held  in  close  contact  by  longitudinal  side-bar  rein- 
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forcement.  The  use  of  corner-bar  reinforcement  having  an  effec- 
tive area  of  0.2%  or  more  has  a  decided  value  as  determined  by 
both  experiment  and  practice.     The  effect  of  different  percentages 

Percentage  of  Reinforcement 
05  U) LS 2A_ 


cf- 


a. 


2000 


2000  c 


1500 


1000 


0.5  1.0  1.5  2.0 

Percentage  of  Reinforcement 


Percentage 
Reinforcement 

Adopted  Allowable 
Tension  Value  (S) 
l'.i'/2*.3  Concrete 

0.0 

400  lbs.  per  sq. in. 

0.1 

460     n       »     "     ». 

0.2 

470    n      »     »     » 

0.3 

580     •(      »      in 

0.4 

670    n     »    »    v 

nc 

760    "     v     "    v 

Pig.   135. — Effect  of  steel  reinforcement  on  modulus  of  rupture   of 

concrete. 


of  reinforcement  on  modulus  of  rupture  and  the  tentative  recom- 
mended values  for  S  tension  are  shown  in  Pig.  135.  These  values 
are  based  on  Table  77. 
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Table  77.B. — Record  of  Tests  at  Cornell  University  on  Rein- 
forced-concrete  Beams  5  X  7",  Span  4.0'  Central  Load 
(Age  28  Days) 


— — 

Gravel  concrete 

Proportions 

by 

volume 

Per  cent  of 
reinforce- 
ment 

Maximum 

Minimum 

Average 

1. 5 
i:5 
i:5 

0.47 
1 .07 
1.89 

887 
1262 
1300 

722 

826 

1020 

844  (4  tests) 
1032  (4  tests) 
1 175   (4  tests) 

Crushed-stone  concrete 

i:iK:3K 

o.47 
1.07 
1.89 

1430 
1720 
2100 

916 
1123 
1500 

1 159  (6  tests) 
1344  (6  tests) 
1880  (6  tests) 

Even  with  considerable  more  experimental  data,  the  effect  of 
steel  in  actual  design  would  be  open  to  uncertainty  for  the  follow- 
ing reasons :  Road  slabs  are  so  thin  that  even  small  variations  in 
location  of  the  steel  upsets  its  theoretical  effect  as  regards  tension. 
Even  with  the  most  intelligent  labor  and  inspection,  considerable 
variation  occurs,  so  that  the  net  practical  value  of  steel  as  a  tension, 
reinforcement  is  open  to  considerable  uncertainty.  For  the  thicker 
slabs,  7  to  8",  reasonably  close  assumptions  can  be  made.  These 
depths  give  bars  some  chance  actually  to  work.  For  slabs  less  than 
7"  deep  steel  is  of  little  value  in  raising  tension.  In  these  slabs  its 
value  is  confined  to  equalization  and  contact  uses,  as  is  later  dis- 
cussed. For  the  purposes  of  this  discussion  the  relation  between 
depth  of  slab  and  theoretical  tensile  effectiveness  of  steel  is  assumed 
as  follows: 

Table  78 


Depth  of  slab, 
inches 


73^  or  more 
7 

6 


Assumed  effectiveness  5 


Mesh  reinforcement, 
per  cent  theoretical0 


Corner  bars,  per  cent 
theoretical 


ioo 

100 

So 
SO 


IOO 

90 

6o 

o 


°  Light-mesh  reinforcement  can  be  safely  placed  nearer  the  surface  of  the 
concrete  than  >2  or  %"  bar  reinforcement. 

The  actual  value  of  steel  is  really  more  a  matter  of  cut  and 
try  than  it  is  of  theoretical  design,  but  these  statistics  serve  as  an 
basis  for  judgment. 

Wheel-load  Factor  W. — The  wheel  loads  were  discussed  on  page 
373.     The  reader  is  referred  back  to  that  data,  which  recommended 
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the  design  loads  shown  in  Table  79  for  Class  I  and  II  traffic.  These 
recommended  design  wheel  loads  include  an  allowance  for  impact 
and  apply  to  districts  in  which  the  gross  vehicle  load  is  limited  to 
28,000  lb. 

Table    79. — Table   of    Recommended    Design   Wheel   Loads 

for  Districts  Having  a  Single-vehicle,  28,000-LB.  Legal 

Maximum  Limit  (Class  I   and  II  Traffic) 


Type  of  pavement 


Design  wheel" 
load  W, 
pounds 


Asphaltic  concrete  on  cement-concrete  base. .  . 

Asphalt  block  on  cement-concrete  base 

Plain  or  reinforced  cement  concrete 

Brick  (cement-grout)  concrete  base 

Monolithic  brick 

Brick  (bituminous-filled)  bit-sand  cushion 

Brick  (bituminous-filled)  cement-sand  cushion. 
Stone  block 


12,000 
14,000 
14,000 
14,000 
14,000 
14,000 
15,000 
16,000 


0  The  differences  are  due  to  variation  in  impact  allowance  for  different 
surfaces.     See  page  373. 

Figures  138  to  143,  which  show  graphically  the  theoretical  depths 
obtained  from  the  use  of  the  corner-load  formula,  consider  a  range 
of  design  wheel  load  from  6000  to  20,000  lbs.  As  a  rule,  9000  lb.  is 
the  least  design  load  applicable  to  actual  traffic  conditions  and 
16,000  lb.  the  maximum.  There  are  unusual  cases,  however,  where 
20,000  lb.  load  does  occur  today  (1922,  Massachusetts  Traffic 
Report).  Such  loads  violate  legal  statutes  and  their  occurrence 
shows  the  necessity  for  police  regulation  unless  adequate  depth 
provision  is  made  for  their  occurrence. 

Location  and  Distribution  of  Load  at  Joints  J. — Both  the  loca- 
tion and  the  distribution  of  loads  affect  the  value  of  /  (effective 
load  applied  at  extreme  corner  of  slab). 

Critical  Location  of  Load. — There  are  two  general  classes  of  slab 
corners,  exterior  and  interior  (Fig.  136).  Wheel  loads  can  be 
applied  very  close  to  the  extreme  corner  along  the  outer  edges  of 
pavements  with  earth  shoulders.  It  is  impossible  to  apply  the 
full  wheel  load  at  interior  corners  closer  than  about  6"  from  the 
extreme  point,  provided  the  adjacent  slabs  are  at  the  same  eleva- 
tion. This  means  that  it  is  not  possible  for  the  load  moment  to  be 
as  great  at  interior  corners  as  along  the  outer  edge  of  pavements 
having  earth  shoulders.  This  condition  in  conjunction  with  other 
factors  later  discussed  indicates  in  a  general  way  that  monolithic 
rural  highway  pavements  constructed  without  raised  curb  edges 
should  be  designed  stronger  along  the  outer  edge  than  along  central 
joints.  This  conclusion  is  borne  out  by  observed  failures,  fewer  of 
which  occur  along  central  joints  than  along  the  outer  edge.  Recent 
designs  recognize  this  fact  by  specially  strong  outer-edge  design 
(see  p.  455).  City-street  pavements  with  raised  curbs  have  only 
one  class  of  corner,  namely,  interior  classification. 
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The  exact  effect  of  this  difference  in  location  of  load  on  values 
for  J  is  not  known,  but  a  rough  approximation  can  be  made. 
Corner  cracks  rarely  start  at  more  than  30  to  36"  away  from  the 
corner  point,  and  generally  at  less  distance.  If  36"  is  assumed  as 
extreme  distance,  a  difference  of  6"  in  moment  arm  would  reduce 
the  load  moment  about  15%  for  interior  corners,  which  is  a  con- 
servative allowance.  The  finally  adopted  values  for  /  may  well 
be  about  15  to  20%  less  for  interior  than  for  exterior  corners.  Dis- 
tribution of  load  at  joints  is,  however,  the  main  factor  in  determin- 
ing reasonable  values  for  /. 


Truck  Wheel—- 

Earfh 
Shoulder 


Fig.    136. — Location  of  critical  wheel  loads  at  internal  and  external 

corners. 

Distribution  of  Wheel  Loads  at  Joints. — The  distribution  of  load 
between  adjacent  slabs  at  joints  and  cracks  is  a  variable  and 
indefinite  factor.  In  monolithic  pavements  it  depends  largely  on 
the  degree  of  contact,  which  is  much  better  during  the  day  than  at 
night,  and  better  in  the  summer  than  in  the  winter.  The  use  of 
steel-tie  members  in  concrete  increases  the  contact,  at  least  tem- 
porarily (see  p.  471).  For  pavements  with  separate  concrete 
bases  and  top  surfacing  courses,  like  asphaltic  concrete,  semi- 
monolithic  brick,  etc.,  it  is  certain  that  the  distribution  of  load  over 
base  cracks  is  much  better  than  for  the  monolithic-slab  type. 
Most  of  the  experimental  data  deal  with  distribution  at  joints  in 
monolithic  concrete  and  brick  These  types  will  be  given  first  con- 
sideration and  the  values  adopted  can  then  be  modified  for  the  other 
types  by  data  which  compare  this  factor  in  an  indirect  manner. 

Monolithic-slab  Joint  Distribution. — Table  80,  taken  from  an 
article  by  H.  F.  Clemmer,  of  the  Illinois  Department  of  Highways, 
and  C.  A.  Hogentogler,  U.  S.  Bureau  of  Public  Roads,  contains 


406 


MACADAM  AND  RIGID  PAVEMENTS 


•y  to 

£  in: 

— .   <U    4> 
rt  a  fl 

+a   n   Li 

M                                     N          ©\                      M         \0          M 

*t                                         VO            O            O            W            Tfr           © 

o  <u  o 

OOOOmOOOh- 

c 

2<« 

OOOOOOOOO 

#o 

So 

o 

o 

T3 
4) 

1-   O  t-  c  O 

qoqqoqooqqqoooooqo 
md  0  0  d  d  00  06  06  to  d  d  m  \©  00  4 d»© 

flfOI/lWinWM  ro  M  H  lO  lO  Tf  Tt  N  Tt-^-^- 

> 
U 

03 

O 

C  oj 

o-d 

o,m  10100  O\0  ^tw\o  i^r^rcoo  00  000 

m  M   f5  ro  ro  rO  N   m  w  i-c   ro  fO -t  fO  m  io  to  O 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 

o 

-3<2 

J3 

O 

O 

n  *> 

ONIOIOOOIONOCN  1--00   ^vO    OO   f*5 

9  w 

■^T  "<t  ro  CO  f*5  f»5  to  ^O  r-  ro  f*)  *t  "*t  J*-  t^00  »"» 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 

if  w 

C  t- 

rt  C  C 
O   4>   O 

'   H        "M       *    M       '    Tj-      •    t»      '               "   N       *    H       '   lO 

*'.H       ■    O       "O       "O       "00       "O      "00       "O       *   M 

*     W        'O        'O        *    >"<        **-<        *    O        "O        "O        **-• 

C 

H  >  o 

•  0    •  0    •  0    •  0    •  0    •  0    •  0    .0    •  0 

.2 

2<« 

v> 

6  o 

o 

01 

m 

43 

4) 

0  rt'C  g.E 

OOOOOOOOOOOOOOOOOO 

T3 

m\0  0\  ©i  "3*0  IflftMl/lOONOOn)  W3vO 

4) 
> 

w  °  b  0  0 

HNifTt^NMNM         lOlfi'tN   N  «)M  ^ 

at 

Ah         ° 

03 

.a 

o 

'S 

C   4) 

0*0 

tNOOiNO^oi'i'toifli'iiflOiflfonN 

NHrtcO^flN   HOO  t't  fOO   OO  to  P» 

•O    03 

3$ 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 

u 

4> 

O 

o 
O 

olH 

MOwOoOOtOO  TfO  tOtOtoM  Tj-IO'tH 

OOvO  "tTrMOf-NCO  ^t  ^OO  Oih  OOiO 

OOOOOOOOOwOOOOwmO" 

OOOOOOOOOOOOOOOOOO 

*d 

666~666666SSl66666u 
cccSccccccSScccccc 
0  0  o,i:  00000  o^Oi  000000 

a 

c 

s 

. 

o 

03 
03 

51    03 

3.s 

o 

4) 

OOiOOOOO  r^t^t^t^o  t^O  vO  0  O  0  O  O 

C/3 

H 

6 

m< 

OOOO^'^^fO  rftooO  J-^00  t»  M  O  N  w 

rf  ^  tJ-  ro  ■*  "5j-vO  O  Tj-Tj-rorOTf'^-iOtOiOiO 

c 

H 
H 

o 

< 

q 

< 

« 

o 
U 


fa 
O 

ui 

% 
O 

HH 

H 
O 

fa 
i-l 
fa 
W 

Q 

Q 
W 
H 
& 

fa 

O 

U 

Q 

55 
< 

Q 
fa 

a 

w 

PQ 

o 


o 
00 


JOINT  LOADS 


407 


D 
O 

c 

u 
<U 

!tl 

0.008 
0.003 
0.004 
0.008 
0.009 
0.004 
0.014 

O.OIO 

0.009 

*3 

S 

jo 

<U 

x 

ooOi-~°ot^OOMOO,rt 

4-> 

& 

>% 

000000>h«« 

OS 

aj 

ooooooooo 

a 

Q 

666666660 

XI 

O 

£ 

Ih 

XI 

Ph 

+J 

O 

-4-> 

O         0\        w        O        O         «         lOOO         ^t 

,D 

^O^MHHMWNPJN 

l_ 

bo 

ooooooooo 

O 

£ 

666666600 

a 

.2 

<0 

'■*-> 

0 

0 

0} 

C 

\r>       \n       t-      00        t^ooO        N        M 

0) 

O) 

M       0       «       9       H       °       w  ■    2   •  " 

ooooooo^to 

TJ 

m 

ddddddddd 

*rt 

5 

3 

4) 

"3 

^ 

•O 

x 

MioOOOOt-t^O^ 

<a 

0) 

& 

>> 

rorororOtrO'tO         £> 

*>. 

a 

6 
0 
O 

Q 

ooooooooo 

S 

In 

03 

dddodddoo 

g 

ri 

© 
O 

T 

X! 
00 

0       0      r^O       r^ioooooo 
oooqooooo 

0 

£ 

666666060 

w 

1-) 

3 

1 

< 

3  -s 

j 

3,—     ° 

3   C3   g  > 

ra 

069 
002 
061 
042 
079 
.00 

.071 

.015 

.012 

1 

■0 

ooooooooo 

( 

J      0 

c 

C 

5    s 

rt 

*< 

NJ5 

■>X 
60 

ooooooooooqqq qqqqq 

<vj  Xm  «  i4  -4  <r>  ^  i>-  d  d  doooo  «  ^  0 

N                              <N                       1-1                       CS          w    CO 

5  cvo'£ 

§ 

■0 

Jod26outido22ooooou 

0  0  5l5  00000  o^S^S  0  0  0  0  q  0 

c 

3 

„ 

0 

0 

0 

1 

'-2 

a 

»  £ 

0 

t 

1  S 

Ov  OsO>«5  00  ^f~t-t-0  t-OOOOvCOO 

tt> 

|| 

'i 

t- 

4 

&< 

_— — 

0 

408  MACADAM  AND  RIGID  PAVEMENTS 

probably  as  reliable  data  as  can  be  obtained  at  present  (1020) 
this  table  shows  a  wide  range  in  values. 

It  is  possible  that  under  favorable  conditions  the  load  may  be 
equally  distributed  between  adjacent  slabs,  but  this  is  not  likely  to 
be  the  case  for  many  cases  at  cracks  in  the  plain  concrete-slab  tyne 
or  at  expansion  joints  filled  with  bitumen.  For  the  most  adverse 
conditions  of  contact,  a  single  corner  may  carry  the  entire  wheel 
load.  At  expansion  joints  it  is  not  unlikely  that  this  condition 
occurs  at  intervals,  but  as  the  factor  of  safety  of  the  formula  is  to 
be  provided  by  the  soil-contact  factor,  it  is  not  advisable  to  assume 
the  highest  possible  value  for  /.  Values  are  derived  as  follows  for 
plain  concrete  pavements: 

As  defined  on  page  395,  /  =  3  X  the  effective  part  of  the  wheel 
load  actually  applied  at  the  extreme  corner.     The  effective  part  is 

j^U?,0f  Jhe  ?art  of  wheel  load  W  carried  by  a  single  corner 
modified  for  location  of  this  load.  The  extreme  possible  range  for 
exterior  corners  ranges  from  1.0TF  to  0.5W  applied  at  the  extreme 
point.  I  his  would  give  a  possible  range  of  value  for  /  at  exterior 
corners  as  shown  in  the  following  tabulation. 


Wheel  load  carried  by 
single  corner 

— 1 

Value  of  J 
(exterior  corners) 

0.5W 

0.6W  ■ 

0.7W 

o.SW 

o.gW 

1.0W 

1-5 
1.8 
2.  I 
2.4 
2.7 
3-0 



The  value  of  2.6  is  considered  safe  and  reasonable  for  exterior- 
corner  condition  in  plain  concrete-slab  design.  Interior-corner 
value  is  reduced  15%,  giving  a  value  of  2.2  recommended. 

In  pavements  containing  imbedded  steel  the  distribution  at 
expansion  joints  is  the  same  as  for  the  plain  concrete  type.  Where 
joints  or  cracks  not  subject  to  expansion  movement  are  held  in 
contact  by  tie  bars  or  dowels,  the  distribution  is  materially-  increased 
borne  designers  advocate  values  for  /  based  on  a  50%  distribution 
but  this  seems  rather  optimistic.  A  value  for  exterior  corners  is 
recommended  based  on  0.7IF,  which  equals  2.1  reduced  to  1  7  for 
interior  corners. 

The  adoption  of  values  for  /  as  applied  to  two-course  pavements 
such  as  asphaltic  concrete,  block  pavements,  etc.,  deDends  on 
indirect  comparison  of  the  action  of  these  pavements 'with  the 
monolithic  type  under  traffic  and  experimental  beam  tests.  These 
values  for  two-course  pavements  are  still  in  the  speculative  stage 
but  if  they  are  adjusted  to  produce  rational  results  in  conjunction 
with  the  values  for  W  and  5  which  are  fairly  certain,  there  is  some 
justification  for  the  use  of  the  corner-load  formula  in  connection 
with  the  design  of  two-course  pavements. 
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Any  top  course  adds  something  to  the  resistance  of  the  concrete 
base  by  its  effect  on  wheel  impact,  increase  in  the  reliability  of 
load  distribution  over  base  cracks,  reduction  in  probability  of  load 
being  applied  at  the  extreme  corner  of  the  base  slab,  and  reduction 
in  probability  of  surface-water  seepage  through  cracks  to  the  under- 
lying subgrade.  Of  these  considerations,  /  is  affected  only  by  dis- 
tribution and  location  of  load. 

The  recommended  values  are  based  on  the  consensus  of  opinion 
of  engineers  in  western  New  York  and  on  experimental  results 
of  the  Bates  Road  Tests  and  the  following  quotation  from  an 
article  by  C.  A.  Hogentogler,  U.S.  Bureau  of  Public  Roads, 
November,  1921,  summarizing  recent  Arlington  experimental  tests: 

"The  monolithic  brick-concrete  slabs  in  most  cases  showed  less  resistance 
than  the  1:  iH:  3  concrete  slabs  of  the  same  depth.  Failure  of  the  former 
seemed  to  result  from  the  shearing  of  the  brick  top  from  the  concrete  base 
before  full  resistance  of  the  monolithic  was  developed.  This  allowed  the 
specimens  to  develop  at  most  only  the  sum  of  the  resistance  of  the  two  parts. 
The  monolithic  sections  tested  as  beams  under  static  loads  failed  in  the 
same  way,  but  the  resistance  of  the  beams  seemed  to  be  slightly  in  excess 
of  the  sum  of  the  top  and  bottom  strengths,  while  the  slab  resistances 
compared  favorably  with  the  sum  of  the  resistances  of  the  two  parts.  This 
would  indicate  that  higher  shearing  stresses  are  developed  by  impact  than 
by  equivalent  static  loads. 

"With  possibly  one  exception  (slab  106),  the  grouted-brick  tops  with 
sand-cement  cushions  or  concrete  bases  showed  less  resistance  than  the  mono- 
lithic sections. 

"Grout-filled  brick  tops  with  sand  and  screening  cushions  on  concrete 
bases  showed  slightly  greater  resistance  than  would  be  expected  from  the 
bases  alone. 

"Grout-brick  surfaces  compared  favorably  with  1:1^:3  slabs  of  equal 
thickness,  while  grquted-brick  beams  showed  resistances  in  excess  of  those 
offered  by  equal  thicknesses  of  1:1^:3  concrete. 

"As  would  be  expected,  the  beam  strengths  of  the  bases  were  not  much 
increased  by  bitumen-filled  brick  to  brick  tops." 

Table  81. — Recommended  Values  /  Two-course  Pavements 


Type  of  pavement 

Value  of  J, 

interior-corner 

classification 

Asphaltic-concrete  pavements 

I. 2-1. 3 
I. 2-1. 3 
O . 8-0 . 9 

Block  pavements  (bituminous  joints) 

Block  pavements  (cement-grout  joints) 

Recommended  Values  /  Monolithic  Pavements 


Type  of  pavement 

Value  J, 
exterior  corners 

Value  J, 
interior  corners 

Plain  concrete 

2.6 
2.6 

2.6 

2  . 1 

2  .2 
2  .2 

2  .2 

1.7 

Monolithic  brick 

Reinforced  concrete 

At  expansion  joints 

At   cracks   or  contraction  joints 
with  bar  ties 

_ 
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Soil  Support  (Percentage  Modification  Factor  P). — As  this  is  the 
most  indefinite  element  of  the  problem,  it  seems  desirable  to  adopt 
values  which  are  on  the  safe  side  and  in  this  way  provide  the  neces- 
sary factor  of  safety  for  the  formula.     The  depths  directly  com- 

VJW 
— ^-  assume  complete  loss  of  soil  sup- 
port. If  soil  support  is  given  some  consideration  in  design,  it  is 
recognized  by  an  arbitrary  percentage  modification  of  depths  and 
the  percentage  used  must  agree  with  the  observed  action  of  pave- 
ments under  traffic  tests  on  different  subsoils.  For  practical 
application  to  design  the  formula  may  be  written  as 

VJW 
— ~- ,  where  P  represents  the  soil-support  factor. 

Engineers  differ  considerably  in  regard  to  the  allowable  reduction 
in  depth  due  to  partial  soil  support;  they  are,  however,  practically 
unanimous  in  agreement  that  some  allowance  should  be  made  for 
the  factor,  particularly  where  a  rigid  pavement  is  laid  on  top  of  an 
old,  firm  macadam  road  in  reconstruction  programs.  Where  really 
unstable  subgrades,  such  as  muck  or  quicksand,  are  encountered, 
it  is  necessary  to  stabilize  the  subgrade  by  means  of  gravel  or 
cinder  subbase  well  underdrained  before  the  rigid  pavement  can 
be  laid  with  any  degree  of  success.  The  value  assigned  to  P  has  an 
important  effect  on  the  practical  value  of  the  formula. 

If  the  complete  loss  of  soil  support  were  a  common  continuous 
occurrence  on  the  ordinary  subgrade  soils,  such  as  loams  and  the 
stiffer  clays,  there  would  be  a  larger  percentage  of  failure  on  some 
of  the  old  thin  rigid  pavements  than  has  actually  been  the  case. 
This  indicates  that  these  soils  usually  give  some  support.  On  the 
other  hand,  there  have  been  enough  observed  failures  to  indicate 
that  it  is  not  safe  to  assume  much  support  from  these  soils  under 
adverse  conditions.  The  following  short  quotation  from  Bulletin 
18,  "Bates  Experimental  Road,"  gives  experimental  data  in  con- 
nection with  the  loss  of  soil  support  due  to  temperature  warping. 

"The  curling  of  the  edges  of  a  concrete  slab  18'  wide  may  be  sufficient  to 
render  the  most  perfect  of  subgrades  ineffective  under  the  edges  of  the  slab. 
This  can  be  readily  determined  without  the  aid  of  accurate  measuring  devices. 
To  visualize  this  condition  the  line  drawings  shown  on  page  411  which  are 
based  on  photographs  were  made. 

Best  available  data  indicate  that  monolithic  pavements  having 
slab  widths  of  10'  or  less  and  the  usual  two-course  pavements 
having  widths  of  20'  or  less  generally  receive  some  benefit  from 
support  at  edges  and  corners.  Experience  indicates  that  if  we 
adopt  values  for  P  of  1.1  for  wide  monolithic  slabs  and  values  of 
0.8  to  1.0  for  narrow  slabs  and  two-course  pavements  the  results 
are  safe.  The  following  values  for  P  depending  on  the  character 
of  the  subgrade  seem  to  be  about  as  good  a  guess  as  can  be  hazarded 
at  present  (1923). 
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Table    82. — Recommended  Values  (P)  (Soil-support  Factor) 


Subgrade  conditions 


Type  of  pavement 


Adopted  formula 


Ordinary  loams  and 
clays. 


Coarse    gravels    or 
macadams. 


Quicksand    and 
muck 


Wide  monolithic  slabs 

Narrow  slabs  or  two- 
course  pavements 


Wide  monolithic 

Narrow  slabs  or  two- 
course  pavements 


Wide  monolithic 

Narrow  monolithic  or 
two-course  pavements 


1 .1 


JJW 
S 

\J7W 


#.ii..>^ 


d  =  0.9 
Subbase  +  d 


JW 
S 


r.^-f 


\JJW 

Subbase  -f-  d  =  i.o   \  -— - 


AJ!.    P.M. 
11        1        3 


Time  of  Readings 
A.M. 

9     11        13       5 


9      11 


Tc 

up.  \ 

15  C, 

20° 
I  25° 

I  so" 

£   35° 

40° 
.08 

.07 

.C6 

.    .05 

J 

1    .04 

'•?    .03 
S 
t    .02 

M 

t    .01 
0 

.01 

Curling  Action  of  Slabs 
Fig.   137. — Bates  road  experiments  on  rigid  slab  warping  due_to 

temperature. 

Summary  of  Discussion  of  Factors. — The  preceding  discussion 
outlines  the  wide  range  of  possible  values  for  each  of  the  factors  in 


Number  44 
7"Concrete 
Number  38 
7  Mono. 

4'"W  C  L 
3-I:2:3^Base 
Number  43 

7  Concrete, 
Trans.and  Long. 
Dividing  Planes 

Number  18 
2'Topeka  Top 
5-l:2:3hBaso 
Number  23 
S^Bit.Filied  Brid 
1  Sand  Cushion 
6^1 :2:3b  Base 

S* 
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No 
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Nn 

■^«J 
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/ 
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the  formula  d 


■V?. 


There   is   enough   variation   in   these 
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values  to  give  some  theoretical  justification  for  practically  any 
depth  in  common  use.  The  range  in  values  shows  that  proper 
design  depends  very  largely  on  the  judgment  of  the  designer  The 
student  may  well  bear  in  mind,  however,  that  many  engineering 
formulas,  such  as  sewer  run-off,  etc.,  which  have  been  found  very 
useful  in  practice,  are  susceptible  to  the  same  variation  in  final 
results  and  that  the  values  of  such  formulas  have  been  gradually 
increased  by  modifying  experimental  factor  values  to  agree  with 
actual  service  tests.  A  formula  of  this  nature  is  very  useful  in 
coordinating  the  experience  of  a  large  number  of  different  men 
working  on  the  same  general  problem,  as  it  affords  a  convenient 
means  of  expressing  their  experience  in  mathematical  form 

The  practical  use  of  the  corner-load  formula  is  illustrated  in  the 
following  pages  for  each  common  type  by  showing  the  ran^e  in 
possible  values,  giving  a  recommended  set  of  values  for  normal 
conditions  and  computing  the  depths  required  for  different  wheel- 
load  limits.  These  results  are  compared  with  ordinary  practice 
It  is  not  likely  that  the  recommended  depths  can  be  safely  changed 
more  than  5  to  10%  for  normal  conditions.  For  special  traffic  con- 
ditions changes  can  be  made  in  the  factor  values,  but  it  is  not 
desirable  to  use  a  combination  of  all  high  or  all  low  values 
•  •P!a?1  C?1ncr?tf  Pavements.— Pages  449  to  474  give  a  discussion  of 
joint  details,  richness  of  mix,  etc.  Design  is  based,  as  a  rule,  on  a 
system  of  longitudinal  and  transverse  joints  which  divide  the 
pavement  into  slabs  of  from  8  to  12'  width  and  from  30  to  40' 
length,  which  usually  control  the  natural  tendency  of  the  pave- 
ment to  crack  under  temperature  and  frost  action.  That  is  some 
intermediate  cracking  will  occur,  but  the  intersection  of 'joints 
and  the  infrequent  internal  cracking  are  at  approximately  oo° 
angles  Richness  of  mix  varies  from  1:  2:4  on  unimportant  roads 
to  i:i>£:3  on  mam  heavy-traffic  roads.  Factor  values  and 
resultant    depths    are    indicated    as    follows    for    the    formula 

Recommended  Factor  Values  for  Roads  of  Classes  I  \xd  II 
in  Districts  Permitting  a  28,000-LB.  Gross  Vehicle  Road 

Design^  wheel  load,  including  impact  W,  pounds 14  000 

Load  distribution  J,  exterior  corners ',  5 

Load  distribution  /,  interior  corners 1 '  •> 

Design  tensile  stress  5, 1:  ±%  .-3  mix,  pounds  per  square  inch  400" 

Design  tensile  stress  5,  1:2:4  mix,  pounds  per  square  inch  360 

Soil-support  factor  P,  ordinary  soils 1  0 

Soil-support  factor  P,  gravel  and  macadam '.'.'.'.'.  0.9 

These  values  result  in  the  following  recommended  theoretical 
depths  for  1:1^:3  mix  (28,000-lb.  vehicle  load). 
Ordinary  foundation  soils: 

Outer  edge  of  pavement  d  =  i.oXESHi?^l  =  Q  r" 

\        400  yo 
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4i; 


Interior  areas1  of  pavement  d  —  1.0-v/— '■ =  8.8" 

Gravel  or  macadam  foundation: 

^    <  j  r  i  J  /2. 6(14, OOO)    _    o   Jt 

Outer  edge  of  pavement  d  =  0.9 \ —?- =  0.5 

\        400 

t    ,      •  1      r  4-   J  /2. 2(l4,OOo)  -      ,/ 

Interior  areas1  of  pavement  d  =  0.9 a/ ^-r' =  7-9 

Variations  in  depth  due  to  changes  in  the  design  wheel  load  are 
shown  in  Fig.  138  below. 


Design  Wheel  Load  in  lbs.  (Includes  Impact  Allowance) 
3^  ton  track  (16,000  lbs.  gross  load)  Design  Wheel  load      9500  lbs. 
5       ton  truck  (22,000  lbs.  gross  load)  Design  Wheel  load  11,500  lbs. 
7       ton  truck  (28,000  lbs.  gross  load)  Design  Wheel  load  14,000  lbs. 

Fig.  138. — Theoretical  thickness  plain  concrete  slabs  8  to  12  ft. 
wide  1:  1^:3  mix  (crushing  strength  28-day  age  3000  to  4000  lb. 
per  square  inch). 

Ordinary  practice  in  plain  concrete  road  design  uses  average 
depths  of  from  $y2  to  11"  (see  Table  84,  p.  417). 

Where  pavements  are  constructed  over  new  trenches  (culverts 
or  sewers)  which  will  surely  settle,  the  slab  depths  at  such  localized 
places  are  designed  on  the  principle  of  bridge  slab  depths  with  extra 
bottom  reinforcement  (see  p.  417). 

While  a  considerable  mileage  of  plain  concrete  pavements  has 
been  constructed  and  is  serving  moderately  well,  the  tendency  is 
to  use  some  steel,  as  considered  in  the  next  section. 

Reinf orced-concrete  Pavements. — These  pavements  are  designed 
on  the  same  general  arrangement  of  joints  as  the  plain  concrete 

1  Interior-area  classification  applies  to  total  width  of  curbed  streets. 
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except  that  the  length  of  the  slab  is  usually  somewhat  greater  (40' 
being  a  common  length).1  The  following  theoretical  depths  con- 
sider steel  100%  effective  for  tie  purposes  but  of  little  effect  in 
increasing  tensile  strength  for  slabs  less  than  63^"  thick.  The 
depth  of  the  pavement  is  computed  on  the  basis  of  corners  at  inter- 
mediate cracks  between  expansion  joints  where  good  contact  is 
fairly  certain.  Corners  at  expansion  joints  are  given  the  same 
thickness  as  close  contact  corners  and  the  necessary  additional  bar 
reinforcement  is  provided  to  take  care  of  the  extra  stress  due  to 
poorer  joint  distribution. 

Recommended  Factor  Values.     Roads  of  Classes  I  and  II 
in  Districts  Permitting  a  28,000-LB.  Gross  Vehicle  Load 

Design  wheel  load  including  impact  W,  pounds 14,000 

Load  distribution  /,  exterior  corners 2.1 

Load  distribution  /,  interior  corners 1.7 

Load  distribution  /,  exterior  expansion  joints 2.6 

Load  distribution  /,  interior  expansion  joints 2.2 

Design  tensile  strength  for  all  parts  of  slab  except  at  expan- 
sion joint  corners,  assuming  0.3-  to  0.4-lb.  mesh  reinforce- 
ment per  square  foot  and  side  tie  bars : 

1 : 1  ^2 : 3  mix,  pounds 450 

1:2:4  mix,  pounds 420 

If  mesh  is  omitted  and  tie  bars  alone  used,  the  tension  value  S 
is  recommended  at  400  lb.  per  square  inch  (1:1^:3  mix)  and  360  lb. 
(1:2:4  mix),  using  /  values  for  tight  contact  (see  Fig.  140). 

Soil-support  factor  P,  ordinary  soils 1 .  o 

Soil-support  factor  P,  gravel  or  macadam 0.9 

This  results  in  the  following  recommended  depths  and  corner 
reinforcement  for  1:1^:3  mix  (28,000-lb.  gross  vehicle  load). 

Ordinary  foundation  soils: 

Outer  edge  of  pavement  d  =  i.o\/  •I^I4,_ — I  =  g.j" 

45° 

Interior  areas2  of  pavement  d  =  i.o\/  ''^  4' — —  =  7.3" 

\        4.50 


45o 
Design  tensile  stress  at  expansion  joint  corners: 

„      . ,  JW      2.6(14,000) 

Outside  corner  5  =  -75-  = ^—z =  550  lb. 


d2  8.12 

2.2(14,000) 

7-y 


Inside  corner  =  -     — — - =  580  lb. 


1  On  account  of  future  surfacings  of  bituminous  concrete  33'  is  probably 
a  better  spacing  to  reduce  localized  movement. 

2  Interior-area    classification    applies    to    total    width    of   curbed    streets. 
Design  tensile  stress  at  expansion-joint  corners. 
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Figure  135  (p.  401)  indicates  that  a  design  stress  of  580  lb. 
requires  approximately  0.3  to  1%  area  of  reinforcement.  This 
applies  for  the  sectional  area  of  the  slab  back  about  30"  from  the 
extreme  corner.  Size  and  spacing  of  corner  bars  are  based  on  these 
data. 

Gravel  or  macadam  foundation: 


Outer  edge  of  pavement  d  =  o.9\/  •I^I4)00°;  _  ^  ,// 

\        45o 

Interior  areas1  of  pavement  d  =  0.9*1/  *7^  4' -  =  6.6" 

\        450 


45o 

r^  *  -j  c  oJW  02.6(14,000)  „ 

Outside  corners  S  =  0.8^7-  =  0.8 :n-r —  =  550  lb. 

d2  7.3s 


Interior  corners 


2.2(14,000)         ■     ., 
=  °'8~67o~  =57°lb' 


Expan- 
sion 
joints. 


Requires  three-tenths  of  1%  reinforcement. 


Concrete  i:  1 5-4:3  Mix  Crushing  Strength  (28  days)  3000  to  4000  lbs. 
Reinforcement — Mesh  and  Bar. 

Mesh  0.3  to  0.4  lbs.  per  sq.  ft. 
Total  Corner  Steel  0.3  of  one  %  Section  area  for  30"  from  Corner 

Side  Tie  bars  (See  page  451) 
Central  Longitudinal  Joint. 


rqJO' 


6000        8000        JO  000     )2  000      J4  000      J 6  000      J 8  000     20  000 


Design  Wheel  Load  in  lbs.      (Include  Impact  Allowance) 

zYi.  ton  truck  (16,000  lbs.  gross  load)  Design  Wheel  load  9,500  lbs. 
S  ton  truck  (22,000  lbs.  gross  load)  Design  Wheel  load  11,500  lbs. 
7      ton  truck  (28,000  lbs.  gross  load)  Design  Wheel  load  14,000  lbs. 

Note:  The  difference  in  the  general  shape  of  this  curve  from  the  plain 
Concrete  curve  is  due.  to  the  decreasing  effectiveness  of  steel  for  slabs  less 
than  7"  thick 

Fig.  139. — Theoretical  thickness  reinforced  cement  concrete. 
1:13-2:3  mix,  mesh  and  bar  reinforcement,  transverse  and  longi- 
tudinal joints. 


1  Interior-area    classification    applies    to    total  width  of  curbed  streets. 
Design  tensile  stress  at  expansion-joint  corners. 
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Theoretical  variation  in  depth  due  to  changes  in  the  design  wheel 
load  are  shown  in  Figs.  139  and  140  for  i:i}4: 3  mix  with  different 
kinds  of  reinforcement. 

Concrete  1:  iH:  3  Mix  Crushing  Strength  (28  days)  3000  to  4000  lbs. 
Reinforcement  Side  Tie  Bars  (See  page  453) 

Corner  Bar  Reinforcement  0.3  of  one  %  Section 
Area  for  30"  back  from  Corner 
Central  Longitudinal  Joint. 


<iooo      aooo      jo  000     J2000     uooo    uooo.    is 000     20000 
Design  Wheel  Load  in  lbs.  (Includes  Impact  Allowance) 

3H  ton  truck  (16,000  lbs.  gross)  Design  Wheel  load  9,500  lbs. 
5  ton  truck  (22,000  lbs.  gross)  Design  Wheel  load  11,500  lbs. 
7      ton  truck  (28,000  lbs.  gross)  Design  Wheel  load  14,000  lbs. 

Fig.  140. — Theoretical  thickness  reinforced  concrete  i:iM-"3 
mix,  side  tie  bar  and  corner  bar  reinforcement,  transverse  and 
longitudinal  joints. 


Effect  of  Steel  on  Depth. — A  comparison  of  Figs.  138,  139,  and 
140  indicates  that  the  use  of  tie  and  corner  bars  reduces  the  required 
thickness  of  plain  concrete  slabs  about  1"  and  that  the  use  of 
mesh,  tie  bars,  and  corner  bars  reduces  the  required  depth  of  con- 
crete about  1 24".  This  applies  only  for  load  conditions  requiring 
depths  of  plain  concrete  of  8"  or  more.  Expressed  in  terms  of 
money,  tie  and  corner  bars  reduce  the  cost  of  concrete  about  4  cts. 
a  square  foot  (1922  cost  conditions)  and  tie,  corner  bars,  and  mesh 
reduce  the  cost  of  the  concrete  about  6  cts.  per  square  foot.  The 
cost  of  the  steel  used  as  reinforcement  should  not  exceed  these  limits. 
The  cost  of  steel  reinforcement  is  usually  less  than  this  amount, 
which  indicates  that  the  use  of  steel  is  economically  desirable. 

Ordinary  practice  in  reinforced-concrete-pavement  design  uses 
average  depths  of  from  5  to  8".  For  relative  depths  of  sides  and 
edges  and  reinforcement  details  see  page  455. 

Depths  over  Trenches. — Where  pavements  are  constructed  over 
new  trenches  (culverts  or  sewers)  which  will  surely  settle,  the  slab 
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depths  at  such  localized  places  should  be  thickened  and  given 
additional  bottom  reinforcement  to  conform  with  bridge-floor  slab 
practice.  The  following  table  indicates  in  a  general  way  the  maxi- 
mum width  of  trench  it  is  safe  to  span  with  standard  road  slabs  of 
1^:3  mix  for  different  legal  load  limits  based  on  formula  (safe 

s        32S(d)\ 
span)  =  — j^: 


Table  83. — Trench  Widths  Requiring  Additional  Strength 


Maximum  load 


Approximate  maximum  allow- 
able trench  width  safe  to  span 
without  additional  thickening 
(1:  i}$:  3  mix),  in  feet 


Column  headings  are  depths 
of  standard  pavement  slabs 


8" 


3^-ton  truck  (16,000  lb.  gross), 
S-ton  truck  (22,000  lb.  gross),  . 
7-ton  truck  (28,000  lb.  gross),  . 


3  •  a 
30' 


5-5' 
5-0' 

4-5' 


7-5' 
6.5' 
5-5' 


9.5' 
8.0' 
6.5' 


Note. — These  widths  assume  beam  action,  that  is,   joints  must  not  be 
constructed  directly  over  a  trench. 

Table  84. — Table  of  Range  in  Depth  of  Concrete  Pavements. 
Current  Practice,  1919-1922,  in  Inches 


State 


Plain 
concrete 


Reinforced 
concrete 


Arizona 

California 

Connecticut 

Illinois 

Indiana 

Maryland 

Massachusetts 

Minnesota 

New  Jersey  (1922).  .  . 
New  Jersey  (1919). .  . 

New  York 

Pennsylvania 

Rhode  Island 

Washington" 

West  Virginia 

Wisconsin 


;K- 


7    - 

6>2- 


6     -10M 

7-9 
6-8 

6  -   n° 
6-9 

7  -  8 


6-9 

7-8 

7M 


6  -  7 
6-8 
6-8 
6     -na 


"State  of  Washington,    11"  depth  for  short  distances  where  settlement 
may  occur. 

Note. — The  preceding  theoretical  analysis  indicated  the  following  depths 
as  reasonable  for  a  28,000-lb.  gross  vehicle  load,  ordinary   foundation    soils: 

Plain  concrete  (1:  r%:3  mix) 8^-9^4" 

Reinforced  concrete  (1 :  1 J-2  :  3  mix) 7^-8^" 
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Trend  in  Design. — A  comparison  of  Table  84  on  current  practice 
depths  with  the  preceding  discussion  of  recommended  theoretical 
depths  shows  that,  with  the  exception  of  a  few  of  the  states,  the 
maximum  thickness  in  common  use  is  somewhat  less  than  the 
theoretical  depths  developed  for  a  28,000-lb.  gross  vehicle  limit. 

These  theoretical  depths  are  based  on  the  maximum  statutory 
load  adopted  in  a  number  of  the  thickly  settled  states,  as  it  is 
believed  that  loading  on  main  roads  will  tend  to  increase  to  the  limit 
permitted  by  law.  As  previously  discussed,  the  rigid  type  of 
pavement  is  rarely  economical  on  moderate  or  light-traffic  roads, 
so  the  theoretical  depths  have  been  developed  to  represent  Class  I 
traffic  requirements.  The  states  using  depths  as  developed  by 
these  formulas  are  generally  thickly  settled  with  large  cities  and  a 
heavy  volume  of  commercial  trucking  on  the  main  intercity  routes. 
It  is  believed  that  a  rigid  pavement  is  not  usually  justified  unless 
such  conditions  prevail,  but  a  great  many  localities  are  building 
lighter  concrete  roads  for  lighter  traffic.  If  the  designer  is  willing 
to  recognize  that  he  is  taking  a  chance  and  considers  the  concrete 
pavement  as  a  temporary  expedient  with  the  idea  of  capping  it  in 
a  short  time  with  some  standard  renewable  surface,  it  may  be 
justifiable  to  reduce  the  depth  to  that  required  for  two-course 
pavement  bases.  Under  this  line  of  reasoning  the  following 
minimum  depths  have  some  justification,  on  the  basis  that  the 
proposed  future  surfacing  will  raise  the  strength  of  the  finally  com- 
pleted pavement  up  to  that  required  for  a  28,000-lb.  gross  vehicle 
load. 

Plain  concrete: 

i:iy2:$rmx 6^" 

1:2:4  mix 7 

Reinforced  concrete: 

1:1^:3  mix 6     " 

1:2:4  mix 63^" 

It,  however,  seems  undesirable  to  carry  this  idea  too  far,  as  it 
tends  to  discredit  this  type  of  pavement,  which  is  very  useful  and 
economical  if  properly  designed  for  roads  carrying  from  2000  to 
6000  vehicles  daily. 

Bituminous -Concrete  Surface  on  Cement-Concrete  Base. — 
Cement-concrete  bases  for  these  pavements  are  usually  constructed 
as  a  continuous  slab  without  any  special  provision  for  expansion  or 
contraction.  These  bases  crack  with  more  or  less  regularity  trans- 
versely across  the  pavement  at  intervals  of  30  to  6o',  and  more 
infrequently  in  a  longitudinal  line  near  the  center  of  the  pavement 
and  roughly  parallel  with  the  edges;  that  is,  the  action  of  the 
elements  combined  with  traffic  produces  a  series  of  slabs  of  varying 
sizes  and  shapes.  Cracks  in  the  asphaltic-concrete  surface  often 
develop  directly  over  the  base  crack,  but  do  not  always  show 
through  to  the  surface,  which  depends  largely  on  the  width  of  the 
base  crack.  Wide  base  cracks  are  not  so  frequent  for  the  lean 
concretes  as  for  the  rich  concretes  because  the  coefficient  of  expan- 
sion is  considerably  less  for  a  1:3:6  than  it  is  for  a  1 : 2 : 4  mix  (see 
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The  Trend  of  Concrete  Pavement  Design  by  Years  from 

Highway  Research  News,  August,  1926 
(Tabulation  by  U.  S.  Bureau  of  Public  Roads.     Based  on  Federal- 
Aid  Prospects) 

Pavement  thickness 
(inches) 

Number  of  projects  submitted  by  the 
48  states  by  years 

Edge 

Center 

Edge 

1917 

1918 

1919  1920  1921 

1922 

1923 

1924 

1925 

5 
6 

7 

1V2 

8 

9 
10 
12 

S 

5 

6 

6 

7 

7 

8 

7 

7 

7M 

7M 

8 

8 

8 

8 

9 

9 

9 

9 
10 
10 
12 

5 
6 
7 
7H 

8 
9 

10 
12 

6 

7 

7 

8 

8 

9 
10 

5 

6 

sH 

6 
5 
6 

7 
5 
6 

6H 

7 
7 
8 
6 

5 
6 

7 

rH 

8 

9 
10 
12 

5 

5 

6 

6 

7 

7 

8 

7 

7 

7H 

7M 

8 

8 

8 

8 

9 

9 

9 

9 
10 
10 
12 

2 

1 
2 
4 

1 

3 

11 

4 

17 
1 

3 

17 

17 

68 

13 

5 

1 
24 
31 
31 
90 
9 
5 

2 

24 
22 
21 

78 
9 
5 

1 

49 
80 
30 
85 
8 
2 

10 

70 

9 

61 

8 
2 
2 

4 
33 

I 
51 

3 
47 

44 

I 
I 

I 
7 

9 
92 
65 

1 

11 

4 
17 
60 
55 

2 

3 

'"8 
56 
23 

1 

3 

39 

7i 

24 
2 

1 
1 
1 

4 

4 
1 

10 

1 

13 

11 

25 
16 
18 

4 
1 

25 

9 

23 

38 

43 
15 

72 
4 

33 

I 

160 

34 

49 
3 
3 
I 

12 

4 
21 

1 

8 

17 

3 

25 

2 

180 

22 

38 

5 

9 

3 

55 

9 
2 
1 

6 
1 
3 

Total  thin  edge  or  uniform 

18 

72 

298 

340 

251 

396 

126 

114 

105 

Total  thickened  edge 

0 

0 

0 

0 

4 

122 

108 

356 
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classification  where  integral  concrete  edging  is  used.  Where  no 
edging  is  used  the  outer  edge  should  be  strengthened  by  any  simple 
method,  either  extra  edge  depth  or  raised  curbing. 

In  designing  base  depth  for  this  type  of  pavement  it  is  not  per- 
missible to  figure  on  future  strengthening.  Adequate  base  strength 
must  be  provided  as  future  renewals  of  worn-out  asphaltic  concrete 
surfaces  remove  the  old  surface  course  and  replace  with  fresh  mix; 
that  is,  resurfacing  adds  nothing  to  the  final  strength  of  this  type 
of  pavement. 

The  asphaltic  surface  wearing  course  varies,  as  a  rule,  from  2" 
without  a  binder  course  to  3",  including  a  binder  course.  These 
depths  are  the  result  of  experience  and  represent  what  appear  to  be 
feasible  depths,  considering  construction  and  maintenance  prob- 
lems. The  variation  in  depth  of  asphalt  surfaces  as  between  2 
or  3"  has  little  effect  on  the  pavement  base  depth. 

Recommended  Factor  Values  for  Roads  of  Classes  I  and  II 
in  Districts  Permitting  a  28,000-LB.  Gross  Vehicle  Road 

Design  wheel  load,  including  impact  W,  pounds 12,000 

Load  distribution  factor  J,  interior  corners 1.3 

Design  tensile  stress,  plain  concrete  base: 

1:3:6  mix,  pounds 280  per  square  inch 

1:2^:5  mix,  pounds 320  per  square  inch 

1:2:4  mix,  pounds 360  per  square  inch 

Soil-support  factor  P,  ordinary  soils 1 .  o 

Soil-support  factor  P,  gravel  and  macadam 0.9 

These  values  result  in  the  following  recommended  base  depths 
for  28,000-lb.  gross  vehicle  load.  See  Fig.  141  for  more  complete 
graphic  results  for  different  mixes  and  different  design  loads. 

Ordinary  foundation  soils: 

1:2^:5  mix 

^  ,  .*  /i. 3 (12,000)         „ 

Depth  of  base  d  =  loV-^— ^ =  7 

\         320 

Gravel  and  macadam  subsoils: 


A/i.3(i2,ooo) 
=  o.9\ - 


Depth  of  base  d  =  o.o^V  ~ '  -  6.3" 

r  *         320  . 

A  few  examples  of  ordinary  practice  in  base  depths  are  given  as 

follows.     Table  85   (p.  424)  shows  recent  city-street  practice  on 

heavy-traffic  streets. 


Illinois  (rural  highways) 7"  (1 :  2 

Pennsylvania  (rural  highways) 6"  (1 :  2^2 

New  Jersey  (rural  highways) 6"  (1 :  3 

New  York  (rural  highways) 5"  (1 :  2^2 

New  York  City  (business  streets) ...  9"  (1 :  2^ 


3^  mix) 

5  mix) 

5  mix) 

5  mix) 

5  mix) 


Depth  over  Trenches. — Increase  in  base  depth  applies  as  discussed 
on  page  416.     For  7-ton  truck  loading  it  is  probably  desirable  to 
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increase  for  a  6"  standard  base  of  1:3:6  concrete  for  trenches  over 
3'  wide,  for  a  7"  depth  of  base  where  the  trench  width  exceeds  about 
3-5  to  4'. 


6000       3000      JO  000    J2  000    14  000    J6  000      J8  000   20  000 


Design  Wheel  Load  in  lbs.  (Includes  Impact  Allowance) 
3^   ton  truck  (16,000  lbs.  gross  load)  Design  Wheel  load      8500  lbs. 
5       ton  truck  (22,000  lbs.  gross  load)  Design  Wheel  load  10,000  lbs. 
7       ton  truck  (2S,ooo  lbs.  gross  load)  Design  Wheel  load  12,000  lbs. 

s 

Fig.   141. — Theoretical    depth    of    cement    concrete    bases    under 
bituminous  concrete  surfaces. 


General  Formula  d 


=  p^ 


Brick,  Stone  Block,  etc.,  with  Mastic  Filler  on  Sand  or 
Cement-sand  Cushion  and  Concrete  Base. — This  design  is  rarely 
used  on  rural  roads,  as  it  is  expensive.  The  advantage  of  the  mastic 
filler  lies  in  the  prevention  of  surface  cracks.  The  prevention  of  these 
cracks  on  the  score  of  better  appearance  of  the  pavement  is  impor- 
tant in  cities,  but  of  secondary  importance  on  rural  highways.  The 
disadvantage  of  the  mastic  filler  lies  in  the  loss  of  cantilever  beam 
strength  in  the  surface  course  and  the  production  of  more  impact  as 
the  road  serves  traffic.  It  is  not  likely  that  the  increase  in  impact 
is  balanced  by  the  cushion  depth  under  the  brick.  It  is  certain  that 
the  base  cannot  be  reduced  in  thickness  below  that  required  for 
sheet  asphalt  and  the  probabilities  are  that  a  slight  increase  is  logi- 


cal.    Formula,  d 


=  ^- 


ZW 


s 


with  the  additional  impact  allowance 


(see  p.  404),  seems  to  be  about  as  good  a  guess  as  can  be  made  on 

the  basis  of  comparative  action  under  traffic  tests.  This  is  perhaps 
a  little  ultraconservative. 

For  depths  in  use,  see  Tables  85  (p.  424)  and  86  (p.  426).  Figure 
142  illustrates  graphically  the  results  obtained  by  applying  this 
formula. 

Grouted  Brick,  Stone  Block,  etc.,  on  Cement-sand  Cushion  and 
Concrete  Base. — These  types  have  the  advantage  of  considerable 
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beam  strength  in  the  surface  layer  as  well  as  the  base  beam  strength; 
according  to  the  Office  of  Public  Roads  tests  previously  quoted, 
they  apparently  do  not,  as  a  rule,  develop  as  much  beam  strength 
as  the  monolithic  form  of  brick  pavement,  but  the  difference  is 
slight.  The  evidence  of  actual  pavements  indicates  that  they  give 
satisfactory  service  with  bases  somewhat  less  in  depth  than  the 
asphaltic  concrete-top  type.     Personally,  the  author  believes  that 


6000       8000      tO  000     \2  000     U  000    »6  000    18  000    20  000 

Design  Wheel  Load  in  lbs.  (Include  Impact  Allowance) 
zVi  ton  truck  (i6,ooo  lbs.  gross  load)  Design  Wheel  load  10,000  lbs. 
5       ton  truck  (22,000  lbs.  gross  load)  Design  Wheel  load  12,500  lbs. 
7       ton  truck  (28,000  lbs.  gross  load)  Design  Wheel  load  15,000  lbs. 

General  Formula  d  -  P  \J~^ 

Fig.   142. — Theoretical  depth  of  cement  concrete  base  under  brick 
surface  (mastic  filler  cement  sand  cushion). 

the  semimonolithic  type  will  work  satisfactorily  under  a  design 

Vo  qW 
„    ;  this  is  a  rational  modification 

of  the  asphaltic-type  formula,  as  the  grouted  surface  slab  certainly 
adds  more  strength  to  the  pavement  than  an  asphaltic  top  and  by 
beam  action  gives  a  wider  distribution  of  load  over  base  cracks  and 
corners.  As  these  formulas  are  intended  to  give  relatively  correct 
results,  and  as  experimental  results  are  meager,  this  form  will  be 
tentatively  adopted.  Thus  the  application  of  the  corner  load  for- 
mula to  this  type  is  a  speculative  proposition. 

The  base  under  this  formula  becomes  for  loam  and  clay  soils 
(28,000-lb.  gross  vehicle  load): 


1:2:4  mix 


1:2^:5  mix 


.  /i2,6oo 

*    360 

.  /i_2,6oo 


1:3:6  mix 


^- 


320 
2,600 

275 


=  6' 


=  6.3' 


=  6. 
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On  gravel 


or  old 

3/ 


macadam  subsoils  the  depths  can  be  safely 


reduced  %  to  %">  Dut  should  under  no  circumstances  of  either 
load  or  soil  be  reduced  below  a  5"  minimum.  Figure  143  illustrates 
graphically  the  results  of  applying  this  formula. 


6000     8000    100QQ   12000    14000   16000  18000  20000 
Design  Wheel  Load  in  lbs.  (  Includes  Impact  Allowance  ) 

8H  ton  truck  (16  000  lbs.  gross  load)  Design  WLeel  load  9500  lbs. 

6  h        m     (22  000<.        ,i       4.)       u  "       4,   U  500  » 

7  (28  000  m       h       d  )       m  n       m    14  000  *< 


General  Formula     d  =  P 


-]/0.9W 


Fig.   143. — Theoretical  depth  of  cement  concrete  bases  under  4-in. 
brick  surface  (cement  grout  joints,  cement  sand  cushion). 

Monolithic-brick -pavement  Slabs. — This  type  has  the  same 
general  characteristics  as  the  monolithic  plain  concrete  as  far  as 
impact  and  load  distribution  at  cracks  are  concerned.  The  differ- 
ence between  these  two  types  lies  in  the  fact  that  the  plain  concrete 
pavement  is  a  true  monolith  and  the  combination  of  brick  and 
concrete  introduces  a  plane  of  weakness  between  the  surface  and 
bottom  layers.  The  Bureau  of  Public  Roads  experiments  indi- 
cated that  the  beam  strength  of  the  so-called  monolithic-brick- 
pavement  slabs  was  somewhat  greater  than  the  sum  of  the  resisting 
moments  of  the  upper  and  lower  layers  considered  separately. 
Values  of  modulus  of  rupture  for  well-grouted  brick  surfacing 
slabs,  as  determined  by  the  Bureau  of  Public  Roads,  range  from 
600  to  1000  lb.  With  these  data,  it  is  possible  to  make  a  speculative 
approximation  of  comparative  strength  depth.  On  page  412  the 
average  depth  of  plain  concrete  1:1^:3  mix  using  a  tensile  strength 
of  400  lb.  per  square  inch  was  figured  as  9.2"  for  a  design  load  of 
14,000  lb. 

The  resisting  moment  of  this  beam  per  foot  of  width  is  approxi- 
mately 67,000  in.-lb.  It  will  be  assumed  that  75%  of  this  must  be 
handled  by  the  sum  of  the  resisting  moments  of  the  base  and  top 
considered  separately,  50,000  in.-lb.  Assume  a  working  stress  of 
600  lb.  for  the  brick  top.     A  4"  brick  slab  has  a  resisting  moment 

Eer  foot  width  of  19,200  in.-lb.     This  leaves  31,000  in.-lb.  for  the 
ase  to  handle. 
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Expressed    as    a    formula,     the     depth    of    concrete    base  == 

■ — = for  loam  and  clay  soils.  On  gravel  or  old  mac- 
adam the  depth  can  be  reduced  about  an  inch  but  under  no  cir- 
cumstances of  load  or  soil  should  a  depth  of  less  than  4"  be  used. 


V 


Depth  of  top 

Average  depth  of  con- 
crete base,  inches 

Total  depth  of  pave- 
ment, inches 

4"  brick  top: 

1:  iJ4-  3  mix 

1:2:4 

6.3 
6.7 

10  .2 
10.6 

A  few  examples  of  current  practice  in  monolithic-brick  construc- 
tion follow:  Monolithic-brick  construction  is  not  in  much  favor  in 
the  northern  states  on  account  of  cracking  due  to  frost  action  and 
slab  warping.  Central  longitudinal  joints  are  not  generally  used  on 
this  type. 


Top,  inches 

Base,  inches 

Total,  inches 

Illinois 

4 
4 

(1:  2:3^  mix) 
4 

8 
8 

Indiana 

Current  Practice  (Two-course  Pavements). — Table  85  records 
current  practice  (1922)  in  two-course  pavement  construction  on 
heavy-traffic  city  streets. 

Table  85. — Current  Practice  in  Depth  of  Concrete  Base 
under  Pavements  on  Heavy-traffic  City  Streets  (1922) 


City 


Type  of  surface 

0 

i) 

u 

0 

0  ->j 

c  c 

c.y  w 

oS  <u 

0  2  u 

n*i  <u 

tic  c 
ncre 
inch 

O             c> 

or  st 
mas 
inch 

0 

"£  to 

cS  O     - 

^4  -u  0 

w-*  iT 

(H      U 

J2  O  O 

M   O   ?Xl 

.*  0  h 

O.C 

ft  C  n) 

Brie 
bio 
gro 
inc 

Brie 
bio 

0  c 

Remarks 


Cleveland,  Ohio. 


Detroit  Mich.  .  .  . 
Chicago,  111 

Philadelphia,  Pa 
Indianapolis,  Ind 
Baltimore,  Md.  . 
New  Orleans,  La 
Boston,  Mass. . . 
Portland,  Ore. . . 


8 

6 

7 

8 

8 

8 

8 

8 

8 

6 

6 

6 

6 

6 

6 

6-8 

6-8 

6-8 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6-10 

Tendency  towards  7 
to  8"  except  for 
grout-filled  block. 

This  is  recommended 
future  practice. 

Gravel  subsoil 
8"  on  poor  soil. 

Has  been  satisfactory. 
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Effect  of  Statutory  Load  Limit  on  Thickness  of  Rigid  Pavements 
and  Concrete  Pavement  Bases. — Table  86  gives  a  quick  means  of 
comparing  the  effect  of  load  limit  on  rural  pavement  design. 
The  black-faced  type  indicates  the  recommended  depths  for  the 
statuatory  gross  vehicle  limitation  of  28,000  lb.  which  seems  to  be 
gaining  favor  as  a  practical  basis  of  traffic  regulation  for  the  main 
roads.  The  depths  given  approximate  equal  strength  for  the  differ- 
ent types  and  can  be  used  as  the  basis  for  comparative  estimates  of 
cost.  The  determination  of  the  effect  of  statuatory  load  and  equal 
strength  for  different  types  are  the  main  practical  advantages  of  the 
foregoing  analysis. 

SPECIAL    QUALIFICATIONS    AND    DRAWBACKS    OF 
DIFFERENT  PAVEMENTS 

Limitations  Imposed  by  Steep  Grades. — The  following  tabula- 
tions1 represent  current  practice  in  regard  to  the  steepest  advisable 
grades  on  which  various  types  are  satisfactory,  considering  safety 
and  maintenance  costs. 

Surface  Material  Per  Cent 

Wood  block1 3 

Asphalt  block1 6 

Brick1 10 

Sheet  asphalt1 5 

Asphaltic  concrete1 7 

Bituminous  macadam  (seal  coat)1 8 

Bituminous  macadam  (no  seal  coat)1 10 

Cement  concrete0 8 

Hillside  brick  block1 12 

Stone  block1 12 

Wooden  block2 2 

Asphalt  block2 4 

Brick  (grout  joints)2 5 

Brick  (mastic  joints)2 8 

Concrete*1 5-7 

Bituminous  macadam  with  flush  or  squeegee 
coat   (in  sandy  country,   6%   when .  coarse 

sand  is  sprinkled  on  surface)2 5 

Bituminous  macadam  without  squeegee2 8 

Water-bound  macadam2 8 

Hillside  brick2 12 

Stone  block  with  open  joints2 12 

0  Hard  to  construct  on  grades  over  5  %  (special  care  needed). 

1  Taken  from  Agg's  "Roads  and  Pavements." 

2  Taken  from  Harger's  "Rural  Highway  Pavements." 

On  steep  grades,  stone  block  seems  to  be  the  best  solution,  hill- 
side brick  second,  penetration  one  coat  pour  bituminous  mac- 
adam third,  and  water-bound  macadam  fourth.  The  last  two 
become  slippery  if  maintained  by  surface  oiling  and  it  has  been 
necessary  in  some  cases  to  build  a  specially  wide  shoulder  treated 
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with  gravel  or  stone  for  horse  traffic.  It  is  very  difficult  to  get  a 
satisfactory  surface  on  concrete  on  grades  over  5  to  7%. 

Classification  for  Safety  of  Traffic. — The  sheet  asphalts  and 
similar  constructions  are  dangerous  for  high-speed  traffic  even  on 
fairly  level  grades  during  sleet  storms  or  light  rains  and  are  not 
recommended  for  roads  outside  of  villages  except  for  reconstruc- 
tion where  the  large  saving  due  to  the  use  of  this  type  overcomes 
the  factor  of  reduced  safety.  Slipperiness  can  be  partially  over- 
come by  the  use  of  a  larger  percentage  of  small  stone  in  the  mix, 
such  as  Topeka,  Amiesite,  Warrenite,  etc. 

Bituminous  macadams,  concrete,  brick,  stone  block,  water- 
bound  macadams  and  small  stone  or  brick  cubes  can  be  ranked  as 
safe  surfaces  for  high-speed  traffic. 

Recommended  Types. — Bituminous  macadams  are  recommended 
for  Class  II  traffic  and  resident  village  streets;  water-bound  mac- 
adam for  Class  III  traffic;  concrete  for  Class  I  traffic  outside  of 
villages;  brick  for  village  business  streets;  stone  block  for  hills  on 
Class  I  traffic;  asphalt  block  for  extremely  heavy  Class  I  traffic. 
Sheet  asphalt,  Topeka,  etc.,  are  to  be  avoided  for  original  con- 
struction where  traffic  travels  at  high  speed,  but  its  use  for  recon- 
struction has  decided  advantages  from  an  economic  standpoint. 
Its  most  suitable  location  is  a  resident  village  or  city  street  or  for 
heavy,  slow  traffic. 

Value  of  Smooth-riding  Quality  of  Pavements. — This  phase  of 
type  selection  and  maintenance  limits  of  expenditure  is  given  in 
Chap.  VII  (p.  545). 

Failures. — The  common  causes  of  failure  of  different  pavements 
due  to  structural  defects  are  as  follows.  The  details  of  inspection 
are  taken  up  in  Chap.  XVI. 

Stone  Block. — Failures  rare;  will  stand  lots  of  abuse  in  con- 
struction. 

Asphalt  Block. — Failures  rare.  When  they  occur  due  to  poor 
block. 

Water-bound  Macadam. — Failures  rare.  When  they  occur  are 
generally  due  to  poor  rock,  small-sized  stone  in  top  courses,  and 
insufficient  rolling  or  puddling. 

Penetration  Bituminous  Macadam. — Failures  not  uncommon  due 
to  the  use  of  too  much  soft  binder,  unequal  application,  and  over- 
heating of  binder.  The  asphalt  companies  advocate  the  use  of 
too  much  bitumen. 

Concrete. — Failures  not  uncon  -n  due  to  inferior  materials, 
particularly  dirty  sand,  and  to  poor  manipulation,  weak  mix,  and 
too  much  water  content. 

Brick. — Failures  not  uncommon  due  to  poor  brick  and  careless 
grouting. 

Sheet  Asphalt  and  Topeka  Mix. — Failures  not  uncommon  due  to 
overheating  and  poor  mix. 
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DETAILS  OF  DESIGN  AND  CONSTRUCTION  OF  HIGH 
CLASS  PAVEMENTS 

STONE  AND  GRAVEL  FOUNDATION  COURSES  FOR 
FLEXIBLE-TYPE  PAVEMENTS 

Preparation  of  Subgrade. — It  is  evident  from  the  pressures  to 
which  a  road  is  subjected  that  the  subgrade  must  be  well  con- 
solidated before  placing  the  foundation  stone.  This  is  usually 
effected  by  rolling  with  a  10-  or  15-ton  steam  roller,  exerting  a 
pressure  of  350  to  500  lb.  per  linear  inch  or  wheel  width,  and  is 
continued  until  the  grade  is  firm  and  compact. 

The  difficulties  of  consolidation  in  different  soils  and  the  methods 
of  overcoming  them  are  discussed  under  Inspection  (pp.  1289  and 
1291). 

Kinds  of  Foundation  Courses. — The  foundation  courses  in  ordi- 
nary use  are  as  follows: 

1.  Crushed  stone. 

2.  Screened  gravel. 

3.  Field-stone  subbase. 

4.  Pit-gravel  subbase. 

5.  Field-stone  subbase  bottom  course. 

6.  Pit-gravel  subbase  bottom  course. 

7.  Quarry-stone  or  Telford  base. 

1.  Broken-stone  Bottom  Course. — This  style  of  construction  is 
the  one  in  most  general  use.  Where  local  stone  is  abundant  and 
well  distributed,  such  a  course  will  cost1  from  S3. 50  to  $5  per  cubic 
yard  rolled  in  place;  where  imported  stone  is  necessary,  the  cost 
depends  largely  upon  the  freight  rate  and  the  length  of  haul  and 
may  run  as  high  as  $7.  Bottom  of  this  kind  is  generally  used  where 
the  total  depth  of  stone  metaling  does  not  exceed  6  to  8"  after  roll- 
ing. Beyond  these  depths  it  is  often  cheaper  to  substitute  subbase 
or  subbase  bottom  course  for  a  part  or  the  whole  of  the  broken- 
stone  course.     (See  page  390.) 

The  method  of  construction  by  the  New  York  State  Highway 
Commission  is  shown  in  extract  from  Specifications  on  page  1434. 

Where  imported  stone  is  specified  or  the  local  stone  is  suitable 
for  both  top  and  bottom  courses,  the  size  used  for  bottom  course 
ranges  from  2%  to  3%"  in  its  greatest  dimension;  the  smaller- 
sized  crusher  output  is  used  fcr  he  top  course,  for  concrete,  and 
for  filler;  where  the  local  material  is  only  fit  for  bottom,  the  course 
is  made  up  of  stone  ranging  from  1  to  3  2  4"  in  order  to  use  up 
the  total  output  of  the  crusher.  The  stone  smaller  than  1 
is  used  for  filler,  on  the  shoulders,  and  sometimes  for  the  cheaper 
grades  of  concrete.  In  specifying  the  size  of  stone  for  a  particular 
job,  economy  is  considered.  Stone  of  sizes  from  1  to  3%"  is  per- 
fectly satisfactory.  The  only  reason  for  limiting  the  usual  size 
from  2%  to  3^4"  is  that  this  practice  leaves  the  1  to  2%" 
stone  for  the  top  course;  a  uniform  grade  is  important  for  the  top 
and  the  size  mentioned  gives  a  smooth  finish. 

1  All  costs  are  for  general  comparative  purposes  and  are  based  on  1926  cost 
conditions. 
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The  ratio  of  loose  depth  to  rolled  depth  is  approximately  1.3 
to  1. 

Where  filler  is  not  used  in  the  construction  of  the  bottom  course 
more  binder  is  required  for  the  top;  it  is  probable  that  the  use  of 
filler  is  the  better  construction,  but  it  must  be  of  good  quality. 

The  clause  concerning  teaming  in  the  quoted  specifications  is  a 
dead  letter.  Teaming  helps  to  consolidate  the  bottom,  provided 
it  is  distributed  over  the  full  width  and  the  course  watched  to 
prevent  loss  of  shape  when  the  traffic  is  first  turned  on  or  after  a 
long-continued  rainfall. 

2.  Screened-gravel  Bottom  Course. — Screened  gravel  1  to  3JV 
in  size  is  used  in  place  of  crushed  stone;  the  course  is  constructed 
in  the  same  manner  as  described  above,  except  that  a  filler  con- 
taining some  clay  or  clay  loam  is  preferable  to  a  clean  sand,  and 
it  is  often  necessary  to  wet  the  course  in  order  to  consolidate  it 
satisfactorily.  It  is  also  advisable  to  apply  a  small  part  of  the 
filler  before  the  course  is  rolled. 

A  gravel  bottom  should  be  made  somewhat  thicker  than  a 
crushed-stone  bottom,  as  the  fragments  do  not  interlock  so  firmly 
as  crushed  stone. 

Gravel  is  suitable  for  Class  III  or  IV  traffic  and  the  choice  between 
screened  gravel  or  crushed  stone  depends  entirely  on  relative  cost. 
Gravel-bottom  courses  are  not  advised  for  traffic  of  Classes  I  and  II. 
Under  favorable  conditions  a  screened-gravel  bottom  course  will 
cost  from  $2  to  $3  per  cubic  yard,  rolled  in  place.  A  coarse  pit-run 
gravel  is  preferable  to  a  screened-gravel  bottom.  A  typical  speci- 
fication is  given  on  page  1434. 

3.  Field-stone  Subbase. — Field-stone  subbase  is  constructed,  as 
shown  in  the  cut,  of  field  boulders  roughly  placed,  the  intervening 
spaces  being  filled  with  gravel,  waste  %"  stone,  or  stone  chips. 


Top  Course.      ^j 


c£  Borhom  Course 


<Sub-Ba&& 
Fig.   144. — Boulder  subbase. 

No  attempt  is  made  to  finish  the  top  of  the  course  exactly  to  line 
and  grade,  as  any  small  inequalities  can  be  filled  with  bottom 
stone.  This  type  of  subbase  is  suitable  for  all  classes  of  traffic. 
The  depth  varies  from  5  to  20",  depending  on  the  soil  encountered, 
traffic  the  road  carries,  and  also  on  the  size  of  the  available  field 
stone,  but  for  depths  of  over  8"  the  foundation  must  be  con- 
structed as  a  series  of  layers  not  exceeding  8"  each,  in  order  to  get 
proper  compaction  and  filling.  In  designing  a  bottom  course 
of  this  kind,  care  must  be  taken  to  have  accurate  data  as  to 
the  average  size  of  stone  available.  If  the  demands  of  a  founda- 
tion were  fully  satisfied  by  a  5"  subbase  course,  it  might  still 
be  more  economical  to  use  a  7"  course  if  the  stone  averaged  7", 
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because  the  extra  work  of  sorting  and  sledging  to  a  5"  size  would 
result  in  a  higher  cost  per  square  yard  than  for  a  7"  depth. 

The  amount  of  stone  and  filler  required  per  cubic  yard  in  place 
is  approximately  as  follows: 


Loose  depth,  inches 

Rolled  depth,  inches 

6 
10 
IS 

6 

8 

12 

This  type  of  base  requires  approximately  \^  cu.  yd.  of 
gravel  or  %"  stone  for  filler  per  cubic  yard  finished  subbase  course. 

Under  favorable  conditions  this  subbase  can  be  constructed  for 
$1.80  to  $3  per  cubic  yard  (1922  cost  conditions).  Specifications 
are  given  on  page  1425. 

4.  Pit-gravel  or  Creek-gravel  Subbase. — Stony  gravel  is  satis- 
factory material  for  subbase;  it  can  be  readily  constructed  for  any 
depth  from  2  to  24"  as  required,  and  where  a  pit  or  creek  bar  is 
near,  the  cost  of  such  a  course  should  run  from  $1.50  to  $2.50  per 
cubic  yard.  However  where  the  depth  is  greater  than  5"  it  must 
be  constructed  and  compacted  in  a  series  of  layers  no  one  of  which 
exceeds  5"  in  depth. 

The  ratio  of  loose  to  consolidated  gravel  for  such  a  course  is 
approximately  1.2  to  1. 

5.  Field-stone  Subbase  Bottom  Course. — Subbase  bottom  course 
is  essentially  the  same  construction  as  subbase,  except  that,  as 


rTcp  Course 


WFMhh 


Sub-Base  Bottom  Course 
Fig.   145. — Boulder  subbase  bottom  course  . 


the  top  course  is  placed  directly  upon  it,  the  stone  must  be  more 
carefully  assorted  as  to  size,  more  carefully  placed  as  to  line  and 
grade,  and  a  better  grade  of  filler  must  be  used.  Subbase  bottom 
course  is  advised  only  under  traffic  of  Classes  III  and  IV.  Traffic 
of  Classes  I  and  II  requires  a  middle  course  (see  p.  390). 

Crushed  stone  (crusher  run)  or  coarse  gravel  makes  a  satisfac- 
tory filler. 

The  course  can  be  of  any  depth  from  5"  up,  depending,  as  for 
subbase,  on  the  soil  and  average  size  of  stone;  it  is  practically  impos- 
sible to  make  a  large  stone  bottom  of  this  kind  conform 
exactly  to  line  and  grade;  a  variation  of  1"  either  above  or  below 
grade  is  usually  allowed  and  the  inequalities  taken  out  by  the  top 
stone;  this  requires  that  the  top  course  must  be  at  least  3  to  4" 
deep  after  rolling. 


432  MACADAM  AND  RIGID  PAVEMENTS 

Subbase  bottom  is  especially  applicable  for  traffic  of  Classes 
III  and  IV  on  long  stretches  of  road,  requiring  a  depth  of  9  to  20"; 
depths  of  over  9"  must  be  constructed  in  successive  layers.  It 
usually  costs  from  $2  to  $4  per  cubic  yard  in  places  where  fence 
stone  is  available,  and  by  its  use  the  item  of  higher-priced  stone  is 
reduced.  On  hard  foundation  soils,  however,  it  is  generally  better 
to  use  4  to  5"  of  ordinary  broken-stone  bottom  course  instead  of  the 
subbase  bottom  course  even  if  it  is  more  expensive,  because  the 
small-stone  construction  is  more  uniform  in  its  resistance  to  heavy 
loads  and  the  top  course  will  wear  more  evenly  and  longer. 

An  extract  from  the  1920  New  York  State  Specifications  is  given 
below: 

SUBBASE  BOTTOM  COURSE 

"When  field  or  quarry  stone  is  used  for  constructing  the  foundation  course 
it  shall  be  of  a  hard,  sound,  and  durable  quality,  acceptable  to  the  engineer: 
the  stones  shall  be  placed  by  hand  so  as  to  bring  them  in  as  close  contact  as 
possible.  All  stone  must  be  rehandled  in  placing.  Dumping  from  wagons 
and  leveling  off  the  piles  will  not  be  permitted.  _  When  quarry  stones  are 
used  they  shall  be  placed  on  edge.  The  depth  of  single  stone  shall  in  no  case 
be  greater  than  the  depth  specified  for  the  course,  the  width  shall  not  be 
greater  than  the  depth,  nor  more  than  9",  and  the  length  shall  not  be  greatei 
than  one  and  one-half  times  the  depth,  nor  more  than  12".  The  dis- 
tribution of  the  stone  shall  be  of  a  uniformity  satisfactory  to  the  engineer 
The  long  dimension  shall  always  be  placed  crosswise  the  road.  After  laying 
this  course  shall  be  thoroughly  rolled  with  an  approved  roller  weighing  no1 
less  than  10  tons,  and  shall  then  be  filled  with  stone  or  coarse  gravel  as 
directed  and  again  rolled  until  the  stones  are  bound  together  and  thoroughly 
compacted:  but  no  gravel  shall  be  used  for  filling  except  under  written  per- 
mission of  the  engineer.  All  holes  or  depressions  found  in  rolling  shall  bf 
filled  with  material  of  the  same  quality  and  the  surface  shall  be  rolled  unti 
it  conforms  to  the  lines  and  grades  shown  on  the  plans.  When  field  stone  i; 
used,  approved  tailings  may  be  used  for  filling.  In  all  cases  a  sufficienl 
amount  of  fine  material  (coarse  sand  or  crusher  screenings)  shall  be  used  tc 
fill  all  voids.  In  limited  areas  where  the  use  of  a  roller  is  impracticable 
heavy  tampers  may  be  used  to  consolidate  the  material." 

6.  Pit-gravel  Bottom  or  Subbase  Bottom. — A  stony  gravel  con- 
taining not  over  15%  of  loam  makes  a  satisfactory  course;  the 
depths  vary  from  4  to  18";  pit  or  creek  gravel,  even  when  unusually 
coarse,  has  from  40  to  60%  of  fine  material;  a  suitable  gravel  for 
pit-run  bottom  should  not  contain  more  fine  material  which  will 
pass  a  34"  screen  than  coarse  material  which  will  be  retained  on  a 
34"  screen.  If  there  is  a  large  excess  of  fine,  the  gravel  should 
be  screened  and  remixed  at  the  bin  in  proper  proportions.  Pit- 
run-gravel  bottom  should  be  used  only  for  traffic  of  Classes  III  or 
IV. 

The  great  difficulty  in  this  construction  is  to  get  proper  consoli- 
dation without  too  much  delay.  It  is  advisable  to  lay  a  course  of 
this  kind  at  least  2  weeks  ahead  of  the  top  stone  so  that  traffic  and 
rains  may  help  consolidate  the  course.  The  addition  of  10%  of 
loam  to  clean  gravel  will  quicken  the  consolidation.  This  can  be 
done  either  at  the  pit  when  stripping,  by  leaving  a  thin  layer  of 
loam,  which  runs  down  with  the  gravel  in  loading,  or  by  placing 
from  }4  to  1"  of  loam  on  top  of  the  gravel  as  it  is  spread  on  the  road. 
The  author  has  succeeded  in  getting  rapid  consolidation  by  snatch- 
ing loaded  teams  over  the  loose  course  with  the  road  roller;  the  roller 
continually  smooths  out  the  gravel  and  eases  the  haul  for  the  teams; 
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the  horses'  hoofs  and  wagon  wheels  punch  into  the  gravel  and  pack 
it  down  rapidly;  a  traction  engine  with  lugs  on  the  wheels  is  also 
effective  in  place  of  a  standard  roller.  Sprinkling  helps.  A  gravel 
bottom  consolidates  unevenly  and  it  is  always  necessary  to  reshape 
it  somewhat  after  consolidation;  about  5  cts.  per  cubic  yard  should 
be  allowed  for  this  reshaping  of  crown  and  elimination  of  humps 
and  hollows. 

A  properly  consolidated  gravel  bottom  will  permit  a  4-ton  load  on 
ij4"  tires  to  pass  over  it  without  making  a  wheel  mark  oyer  \i" 
deep'  this  is  a  simple  construction  test.  This  construction  has 
been'discussed  in  some  detail  as  it  is  the  most  economical  type  of 
bottom  in  a  large  number  of  cases,  but  it  is  not  generally  favored 
because  it  is  harder  to  consolidate  than  the  other  types  of  bottom. 
With  a  3"  or,  preferably,  a  4"  macadam  top  it  has  proved  satis- 
factory on  Class  III  and  IV  roads. 

The  cost  of  a  gravel  bottom  ranges  from  $1.20  to  $2.20  per  cubic 
yard  in  place,  provided  the  hauls  are  short. 

The  depths  of  gravel  are  gaged  by  blocks  or  lines  and  the  ratio 
of  loose  to  rolled  depth  is  approximately  1.2  to  1. 

7.  Telford  Base.— Telford  base  is  rapidly  going  out  of  use  in 
the  United  States  because  of  the  difficulty  of  maintaining  a  top 
course  laid  upon  it.  It  seems  to  be  too  rigid  and  is  more  expensive 
than  subbase  or  subbase  bottom  course,  costing  about  $3  to  $5 
per  cubic  yard  under  favorable  conditions.  _ 

A  good  description  of  a  Telford  construction  is  given  by  William 
Pierson  Judson,  in  "  Roads  and  Pavements."  The  following  quota- 
tion is  from  his  book: 

"  On  this  subgrade  are  then  placed  by  hand  the  stones  forming  the  Telford 
foundation,  which  may  vary  in  size  as  shown  below;  each  stone  must  be  set 
vertically  upon  its  broadest  edge,  lengthwise  across  the  road  and  forming 
courses  and  breaking  joints  with  the  next  course,  so  as  to  form  a  close  and 
firm  pavement.  The  stones  are  then  bound  by  inserting  and  driving  stones 
of  proper  size  and  shape  to  wedge  the  stones  in  their  proper  position.  All 
projecting  points  are  then  broken  with  a  sledge  or  hammer  so  that  no  pro- 
jections shall  be  within  4"  of  the  finished  grade  line. 

"The  Telford  foundation  is  then  rolled  with  a  steam  roller  of  10  or  more 
tons'  weight,  until  all  stones  are  firmly  bedded  and  none  move  under  the 
roller  All  depressions  are  then  filled  with  stone  chips  not  larger  than  2 M  . 
and  the  whole  left  true  and  even  and  4"  below  the  line  of  finished  grade  and 
cross-section.  .      .         ...  •, 

"A  good  workman  will  average  about  20  mm.  m  setting  a  square  yard 
of  this  Telford  foundation,  which  may  be  formed  of  any  kind  of  quarried 
rock  which  is  most  available.". 
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The  practice  in  1901  in  four  states  was  as  follows: 
Table  87. — Sizes  of  Stone  for  Telford  Foundation,  in  Inches 


State 

Depth 

as  set 

on  edge 

Width 
as  set 

Length 

set 
across 
road 

Remarks 

'P 

.4.6 

ie 

.1  E 

New  Jersey 

Massachusetts. . .  . 

Connecticut 

New  York 

8 
6 
8 
8 

8 

5 
8 
6 

4 
10 
10 
10 

4 

6 

4 

10 
15 
18 
15- 

6 
8 
6 

Alternate  end  stones, 
double  length 

2"  gravel  rolled  on 
subgrade  as  base 

Macadam  covering 
formed  in  one  layer 

Used  only  on  un- 
stable ground  as 
foundation  for  mac- 
adam 

TELFORD    BASE— SPECIFICATIONS     (STATE    OF    CONNECTICUT) 

"95.  Description. — This  base  course  shall  consist  of  a  foundation  for  the 
surface  course  or  pavement,  8"  in  depth  unless  otherwise  specified,  con- 
structed on  the  prepared  subgrade,  of  large  stones  wedged  in  place  by  the 
addition  of  smaller  ones,  in  accordance  with  these  specifications. 

96.  Materials.— -The  materials  for  this  work  shall  consist  of  approved, 
sound,  tough,  durable  stones,  free  from  clay,  loam,  or  other  foreign  sub- 
stances. 1  he  pieces  shall  be  approximately  rectangular  in  section,  having  a 
f£th  Si,8  aiteJ  knapping,  a  width  of  from  6  to  10",  and  a  length  of  from  8  to 
18  .  1  he  small  stone  for  filling  the  voids  in  the  large  material  shall  consist 
ot  material  at  least  equal  in  quality  to  that  of  the  large  stone. 

97-  Construction  Methods.— The  Telford  stone  shall  be  laid  in  courses, 
by  hand,  with  the  broad  edge  down  and  with  the  long  dimension  at  right 
angles  to  the  center  line  of  the  roadway.  They  shall  be  laid  perpendicular 
to  the  finished  surface  in  close  contact,  breaking  joints,  and  shall  be  wedged 
in  their  correct  position  by  inserting  and  driving,  in  all  places  where  prac- 
ticable small  stone  of  suitable  size.  All  projecting  points  shall  be  napped 
oft  and  the  remaining  voids  filled  with  small  stones,  so  that  the  finished  sur- 
face shall  be  true  and  uniform.  This  base  course  shall  be  rolled  with  a  three- 
wheel  power  roller,  weighing  not  less  than  10  tons,  until  compacted 
satisfactorily  and  true  to  the  grades  and  cross-sections  given.  The  filling  and 
rolling  shall  follow  the  laying  of  the  large  stone  closely.  This  course  shall 
not  be  constructed  more  than  1000  lin.  ft.  in  advance  of  the  surface  course  or 
pavement,  unless  otherwise  permitted  by  the  engineer. 

_  If  at  any  time,  the  subgrade  material  should  become  churned  up  or 
mixed  with  the  Telford  stone,  the  contractor  shall,  without  additional  com- 
pensation remove  the  mixture,  reshape  and  compact  the  subgrade.  and 
replace  the  materials  removed  with  clean  Telford  stone,  which  shall  be 
rolled  and  filled  until  compacted  satisfactorily  and  uniform  with  the  sur- 
rounding surface. 

"98.  Basis  of  Payment.— This  week  shall  be  paid  for  at  the  contract  unit 
price  per  square  yard  for  '8"  Telford  base  course*  complete  in  place,  which 
price  will  include  all  materials,  equipment,  tools,  labor,  and  work  incidental 
thereto. 

Distribution  of  Stone  in  Foundations. — On  light-traveled  single- 
track  roads  most  of  the  traffic  normally  keeps  to  the  middle  10  to 
12'.  It  would  therefore  appear  logical  to  make  the  central  portion 
of  the  road  thicker  than  the  sides.     This  applies  without  doubt 


SPECIAL  FOUNDATIONS 


435 


o  roads  of  moderate  traffic  where  the  vehicles  generally  travel  in 
he  center  of  the  macadam  and  only  occasionally  turn  out  to  pass, 

3ut  for  heavy-traffic  double-track  roads  the  assumption  is  wrong. 

3n  such  roads  the  greatest  wear  and  the  heaviest  wheel  load  occur 

ibout  i'  from  the  edge  of  the  hard  pavement  and  many  of  these 
oads  develop  the  shape  shown  in  Fig.  146.     It  therefore  seems 

idvisable  to  keep  the  full  depth  of  metaling  for  the  full  width  on 

:raffic  roads  of  Classes  I,  II,  and  III. 
For  Class  IV  traffic  the  varying  thickness  indicated  in  Fig.  147 

s  applicable. 


Fig.  146. — Shallow  ruts  along  edge  of  Class  I  traffic  macadam  road. 

Special  Foundation  Problems. — Long  stretches  of  comparatively 
evel  ledge  rock,  muck,  and  vegetable  loam  may  be  placed  under 
;his  head. 

Where  a  road  is  on  the  surface  of  ledge  rock  for  any  distance,  the 
jsual  cross-section  of  part  cut  and  part  fill  cannot  be  used  because 
3f  the  high  cost  of  shallow  rock  excavation  for  ditches;  the  grade 
should  be  lifted  to  make  the  normal  section  fill  and  the  best  avail- 
able material  (not  clay)  used  in  its  construction.  Where  conditions 
af  this  kind  prevail,  dirt  is  usually  hard  to  obtain  and  often  a  stone 
fill  is  cheaper  and  also  more  satisfactory. 

The  construction  shown  (Fig.  148)  was  used  for  a  stretch  of  2\i 
miles  on  the  Le  Roy-Caledonia  State  Highway  in  New  York,  where 


Fig.   147. — Mushroom  type  of  foundation  Class  IV  traffic  roads. 

ledge  rock  was  encountered  as  described.  The  price  for  the  stone 
fill  was  $1.23  (1910)  per  cubic  yard  in  place,  constructed  as  shown; 
the  road  was  built  in  1910  and  has  given  satisfaction;  the  minimum 
thickness  of  top  for  such  a  fill  is  3  to  4",  as  it  is  impossible  to  con- 
struct it  exactly  on  line  and  grade;  it  was  found  that,  by  allowing  a 
variation  of  1"  either  above  or  below  the  grade  elevation,  the  fill 
could  be  readily  constructed,  and  these  small  inequalities  were 
taken  out  with  the  top  stone.  A  top  course  having  such  a  variable 
thickness  should  be  paid  for  by  weight  and  not  by  volume  in  place. 

Peat,  Muck,  Vegetable  Loam,  or  Silt. — Where  the  material  is 
semifluid,  the  only  solution  is  a  pile  and  grillage  foundation. 

Swamps,  as  ordinarily  encountered,  can  be  treated  successfully 
by  using  a  corduroy  or  mattress  foundation  covered  with  a  deep 
fill  of  gravel  or  large  stone.     In  some  cases  where  the  muck  is 
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comparatively  stiff,  a  gravel  or  boulder  rill  alone  will  give  a  satis- 
factory foundation. 

Where  swamps  are  crossed  by  improved  roads,  the  location  usu- 
ally follows  the  old  road,  which  has  often  been  corduroyed  in  the 
past;  in  such  cases  the  old  foundation  should  not  be  disturbed;  a 
sufficient  additional  depth  of  stone  can  be  added  to  keep  the  shape 
of  the  section  intact. 

As  an  example,  the  Scottsville-Mumford  New  York  State 
improvement  crossed  a  iooo'  stretch  of  muck  on  the  old  road  loca- 
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Method  "A 
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Fig.   148. — Special   foundation   where   road  is   subjected  to   flood 
water  ponding  in  spring  of  year. 

Fill  can  be  made  of  fence  stone,  gravel,  quarry  spalls,  stone  chips,  or  run 
of  crusher  stone  over  %  in.  in  size. 

Method  A. — Boulders  up  to  2  cu.  ft.  can  be  used,  placing  the  largest  in 
the  bottom  of  the  fill:  the  top  layer  must  be  fairly  uniform  and  not  over  8  in. 
in  size  and  must  be  roughly  placed  by  hand  to  reduce  the  voids  as  much  as 
possible*  provided  this  layer  of  large  stone  is  within  4  in.  of  the  bottom  of  the 
top  course.  The  top  8  in.  to  be  filled  with  stone  chips  or  gravel  and  a  cushion 
of  at  least  2  in.  of  screened  gravel,  stone  chips  or  crushed  run  of  broken  stone 
over  %  in.  size  to  be  placed  on  top  to  bring  the  fill  to  the  correct  grade  and 
crown  for  the  top  course. 

Method  B. — Same  material  and  manipulation  as  Method  A,  except  that 
provided  the  top  of  the  boulder  fill  is  more  than  4  in.  from  the  bottom  of  the 
top  course  the  top  layer  of  the  boulder  fill  need  not  be  placed  by  hand  (see 
sketch,  Method  B). 


Swamp 


I "•'■  'Old  Corduroy'--. "  ""    Black  Muck 


Fig.   149. — Special   foundation    over    old   corduroy   road   through 

swamp. 

tion;  it  was  found  that  the  original  cedar  corduroy  was  in  good 
shape;  an  18"  depth  of  large  boulders  was  placed  on  the  old  founda- 
tion and  surfaced  with  6"  of  broken-stone  macadam.  This  stretch 
of  road  has  kept  its  shape  and  has  not  settled.  It  affords  a  good 
example  of  the  fact  that  in  many  special  cases  the  depth  of  the  stone 
is  determined  by  trial;  the  boulders  were  put  on  in  successive  layers 
of  6"  each  until  there  was  no  material  movement  under  the  roller 
and    then  surfaced  with  the  broken-stone  macadam.     Under  a 
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eavy  load  the  whole  roadbed  will  vibrate  for  ioo',  but  the  shape 
emains  intact  (see  Fig.  149)-  ^  '  ■- :  ■    J- 

Economical  Foundation  Design  Macadam  Roads— The  economi- 
al  design  of  foundation  courses  may  be  summarized  as  follows: 

For  moderate  traffic  use  pit-run  coarse  gravel  if  available,  vary- 
ag  the  depth  to  suit  the  soil.  If  gravel  is  not  available  use  a 
nacadam  bottom  for  ordinary  soils  and  field-stone  _  subbase  or 
ubbase  bottom  for  bad  foundations.  The  economy  in  design  of 
nacadam  roads  is  greatly  increased  by  utilizing  local  material 
>referably  uncrushed,  to  its  fullest  extent.  If  the  supply  of  local 
naterial  is  limited,  it  should  be  used  for  as  much  of  the  road  as 
wssible  and  advantage  should  be  taken  of  the  different  local  sup- 
>lies  by  changing  the  design  to  allow  their  use  with  short  hauls. 

Uniform    designs    which    disregard    limited    amounts    oi    local 
naterials  often  raise  the  cost  from  $1000  to  $2000  per  mile. 

Contusions.— In  the  design  of  a  road,  the  amount  of  material 
equired  for  the  foundation  courses  can  only  be  approximated 
This  is  the  only  item  in  the  preliminary  estimate  that  cannot 
De  figured  within  definite  limits.     It  can  be  closely  estimated  if 
ireful  data  on  the  soils  are  obtained  from  local  people  and  from 
■he  preliminary  survey,  but  some  leeway  must  be  given  the  con- 
structing engineer  so  that  he  may  vary  the  estimated  depths  to  meet 
instruction  conditions  and  build  a  consistent  road.    It  will  be  rioted 
hat  the  depths  recommended  on  page  391  are  greater  than  those 
shown  in  most  of  the  state  sections  throughout  the  book.      this 
ncrease  in  depth  is  based  on  the  observed  action  of  traffic  on  the 
aider  macadam  roads,  which,  unless  recapped  with  from  3  to  o 
3f  additional  stone,  are  failing  under  heavy  modern  traffic.     A 
macadam  foundation  is  more  suitable  in  northern  climates,  tor 
nine-tenths  of  the  roads,  than  a  rigid  pavement  because  it  is  flexible 
under  frost  action,  and  with  sufficient  depth  will  hold  the  heaviest 
loads,  but  practice  in  macadam  design  and  maintenance  has  here- 
tofore lagged  behind  the  traffic  requirements  in  the  matter  of  depth, 
while  rigid-pavement  strength  is  well  abreast  of  the  times,      the 
recent  comparisons  of  the  effect  of  army  truck  traffic  across  New 
York  State  on  rigid  and  macadam  roads  is  amusing.     A  consider- 
able mileage  of  old,  thin  macadam  roads  failed  in  spots,  but  where  a 
reasonable   depth  of  macadam  prevailed  no  foundation  failures 
occurred.     A  blare  of  trumpets  hailed  the  failure  of  the  old  cheap 
inadequtely  maintained  macadams  and  great  stress  was  laid  on  the 
fact  that  the  rigid  types  held.      This  instance  is  mentioned  to 
illustrate  a  phase  of  the  present  campaign  for  rigid  types  which 
seems  unwarranted  and  dangerous  from  the  standpoint  of  reason- 
able road  design  as  it  tends  to  discredit  macadam  construction. 
While  macadam  is  not  advocated  on  Class  I  roads,  its  use  on  Classes 
II,  III,  and  IV  should  be  encouraged  (for  traffic  classification,  see 

?'  Macadam  foundation  failures  are  due  to  insufficient  depth,  insuffi- 
cient consolidation  during  construction,  and  poor  grade  hller. 
The  matter  of  filler  is  very  important.  Coarse  sand,  pea  gravel,  or 
stone  screenings  are  preferable  for  crushed-stone  bottom  courses 
and  earth  or  loam  that  softens  when  wet  should  never  be  allowed,     t  lller 
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should  be  a  separate  item  separately  paid  for.  The  filler  fo 
boulder  or  Telford  base  should  be  hard,  coarse  gravel,  %"  crushec 
stone,  or  stone  chips. 

Macadam  foundation  failures  are  due  to  the  same  cause  as  con 
crete  failures  or  brick  failures  or  any  other  failure — ignorance  am 
carelessness.     There  is  no  such  thing  as  type  failure. 

MACADAM  SURFACE  COURSES 
Water-bound  Macadam  Pavements 

Water-bound  macadam  surface  courses  are  constructed  o] 
crushed  fragments  of  suitable  rock  filled  with  rock  dust  and 
sprinkled  and  rolled  until  firm  and  hard.  All  types  of  gravel, 
boulder,  and  stone  bases  are  used  as  described  in  the  first  part  oi 
this  chapter.     Standard  Specifications  are  given  on  page  1454. 

Water-bound  macadam  pavements  are  satisfactory  and  economi- 
cal under  light  traffic  up  to  about  800  vehicles  daily,  provided  they 
are  systematically  maintained  and  surface  ravelling  prevented  by 
applications  of  calcium  chloride  or  light  bituminous  surface  treat- 
ments. They  have  been  used  successfully  under  quite  heavy 
traffic,  2000  to  3000  daily,  but  for  a  volume  of  over  500  to  800  daily 
the  maintenance  difficulties  generally  result  in  the  selection  of  a 
bituminous-macadam  penetration  type.  The  essential  advantage 
of  the  water-bound  type  lies  in  low  first  cost,  simplicity  of  con- 
struction, ease  of  repair,  and  safe  and  easy-riding  qualities  if  the 
road  is  well  constructed  and  maintained.  Under  normal  agri- 
cultural-district traffic  of  less  than  500  vehicles  daily,  the  final  cost 
of  this  type  of  pavement,  including  yearly  maintenance  and 
renewal,  is  distinctly  lower  than  higher  types  of  surface.  When  well 
designed  and  constructed  of  adequate  thickness  (see  pp.  390  to  391), 
they  can  be  used  effectively  as  a  base  for  higher-type  surfaces. 
Water-bound  macadam  is  a  very  satisfactory  type  for  local  town  or 
country  roads  and  for  Class  III  traffic  on  primary  state  systems. 

Water-bound  macadams,  including  base  and  top,  range  in  initial 
construction  cost1  from  $1.50  to  $3  ($1.90  average)  per  square  yard, 
depending  on  character  of  foundation  soil,  traffic,  and  local  material 
supply.  The  maintenance  charge  will  range  from  3  to  10  cts.  per 
square  yard,  depending  on  varying  conditions;  and  the  renewal 
charge  distributed  over  the  life  of  the  surface  will  probably  average 
about  5  cts.  for  Class  IV  traffic  to  n  cts.  for  Class  II  traffic  per 
square  yard  per  year,  1922  cost  conditions.  A  surface  life  of  6  to 
12  years  is  reasonable  for  this  type  under  a  traffic  of  300  to  800  daily 
(10-hr.  count)  if  the  road  is  fairly  well  maintained,  although  a 
considerable  number  of  cases  do  not  fall  within  these  limits  (see 
Chap.  VII). 

The  use  of  fairly  good  materials  is  desirable,  but  the  high  stan- 
dards required  for  heavy-traffic  roads  should  not  be  applied  to  this 
type,  as  needless  cost  is  to  be  avoided  under  light-traffic  conditions. 
Materials,  details  of  design,  and  inspection  details  are  discussed 
later. 

1IQ26  cost  conditions  Western  N.  Y. 
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The  following  recommended  designs  can  be  used  with  assurance 
reasonably  good  results. 


BoulJer  Base  bid  in  6  to8  /at/ens and 'filled 
with  Coarse  Gravel,  Crushed 'Stone  or  Slag; 
Any  depth  necessary  (See  Table 17,  Chapter  2) 

'"Oepth  OrovelStone-^ 
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G  Gravel  Sub-Base  over 
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■■■■  Underdnain  on  uphill 
Jj§    tide.  Where needed 


3"PorousTile  Weeps.. 
SpacedSO' 


Fig.  150A. — Recommended  waterbound  macadam  pavement 
ction  boulder  base  construction  Class  II  traffic.  For  discussion  of 
own  see  page  443 . 


Crushed  Stone  or  Slag. 
SeeTable  Noll  Chapter? 
for  required  depths 


3" Porous  Tile  Weeps, 
rspaced30' 

IG.   1505. — Recommended      waterbound      macadam      pavement 
section    boulder  base  construction  Class  III  or  IV  traffic. 
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or  less  layers.  For  required  depths 
<  Table  No.  17,  Chapter  2^ 
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3'Porou's  Tile  Weeps, 
Spaced  30' 


(Jnderdrain 
in  Wet  Soils 


ig.   151.A. — Recommended      waterbound     macadam      pavement 
section  gravel  foundation  Class  II  or  III  traffic. 

Coarse  Gravel  Sub- Base  ^ 

Any  required  depth       vji  4" Waterbound '  Macadam  Top  Course 

SeeTabkNolT    l<—I0%I2-—>\': 
Chapter 2\   0«i*>>^fa$3*    if  /.Crown Grade 

^^^^%^^^  Underdrain 
/      ~H§.5    inWetSoils 
3"fbrous  Tile  Weeps, 
spaced  30' 

IG.   151.B. — Recommended      waterbound     macadam       pavement 
section  gravel  foundation  Class  IV  traffic. 
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Recommended  Designs. — The  accompanying  recommended 
designs  represent  conservative  practice;  a  large  mileage  of  thinner 
pavements  has  been  built  and  has  served  for  a  short  time  with 
moderate  satisfaction;  as  a  matter  of  fact,  no  well-constructed 
macadam  road  having  a  depth  of  at  least  80%  of  the  values  recom- 
mended can  be  a  serious  failure,  as  it  can  be  easily  strengthened  in 
the  future  by  the  addition  of  stone  depth.  It,  however,  seems  unde- 
sirable in  most  cases  to  resort  to  resurfacing  in  too  short  a  period, 
and  for  this  reason  caution  should  be  exercised  in  reducing  the 
depths  shown  in  districts  permitting  a  legal  gross  vehicle  load  of 
28,000  lb.  (see  Figs.  150  and  151,  p.  439). 

Suitable  Materials.  Surface-course  Coarse  Aggregate. — Any 
tough,  hard-crushed  stone  which  breaks  in  roughly  cubical  form 
and  does  not  air  or  water  slack  is  suitable  for  coarse  aggregate. 
Limestone,  granite,  gneiss,  trap,  and  hard  sandstones  are  generally 
satisfactory.  For  Class  III  traffic  (300  to  800  daily)  it  is  desirable 
to  use  a  stone  having  a  French  coefficient  of  hardness  of  7  or  better 
(6%  of  wear  or  less)  (see  Chap.  XI  for  tests).  Stone  as  soft  as 
4  French  coefficient  has  been  used  with  moderate  success,  but  where 
a  soft  stone  is  necessary  because  of  the  prohibitive  cost  of  a  better 
grade  the  size  should  be  increased.  The  usual  size  of  coarse  aggre- 
gate for  top  course  is  1^  to  2^";  for  soft  stone  the  size  should  be 
2M  to  3/-^",  using  the  smaller  grades  for  the  foundation  course.  : 
For  purely  local  roads  carrying  less  than  300  vehicles  daily  practi- 
cally any  available  local  stone  which  does  not  air  or  water  slack 
can  be  used.  Crushed  slag  is  suitable  under  light  traffic.  Crushed 
slag  is  not  advocated  for  top  course  on  the  heavier-traffic  roads. 
Crushed  slag  should  weigh  at  least  1S00  lb.  per  cubic  yard  loose 
measure  and  show  a  per  cent  of  wear  not  exceeding  12  by  the  stand- 
ard slag  abrasion  test. 

Surface-course  Binder. — Limestone  screenings  make  the  best 
filler,  as  they  have  considerable  cementing  quality  and  bond  the 
stone  well.  Where  the  coarse  aggregate  is  trap,  granite,  or  sand- 
stone, it  is  difficult  to  get  a  good  puddle,  and  on  the  more  important 
roads  at  least  50%  of  limestone  dust  is  mixed  with  the  other  screen- 
ings. Surface  oiling  tends  to  minimize  the  necessity  for  limestone 
screenings,  but  the  authors  prefer  at  least  50%  limestone  dust  on 
water-bound  macadam  roads  on  primary  state  systems.  For 
purely  local  agricultural  roads,  the  natural  rock  screenings  are  used. 

Oiling. — There  are  a  number  of  light  asphaltic  oils  and  refined 
tars  on  the  market  which  serve  well  for  surface  applications.  The 
quality  of  these  bituminous  materials  is  discussed  under  Mainte- 
nance, Chap.  VII.  Specifications  are  given  in  Part  III.  Per- 
sonally, the  author  prefers  a  good  cold-tar  product  to  asphaltic 
oils  for  surface  application,  as  they  seem  to  have  better  penetration 
and  to  harden  quicker.  They  are  probably  a  little  more  slippery 
and  perhaps  not  quite  so  durable,  but,  on  the  whole,  tar  is  superior 
to  asphalt  for  surface  treatment  of  water-bound  macadam  roads. 
For  surface  oiling  of  penetration  bituminous  macadam,  it  is  prob- 
ably best  to  use  asphaltic  oil  where  the  pavement  binder  is  asphalt 
and  to  use  the  cold,  light  tar  where  the  pavement  binder  is  a 
heavy  tar. 
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Macadam  Bottom  Courses,  Coarse  Aggregate. — For  crushed-stone 
>ottom  courses,  any  stone  which  will  stand  the  necessary  rolling  to 
ompact  and  which  does  not  water  slack  is  suitable.  Crushed  slag 
weighing  not  less  than  1800  lb.  per  cubic  yard  loose  makes  an  excel- 
ent  material.  Xo  maximum  per  cent  of  wear  is  recommended. 
The  cheapest  available  source  is  generally  used,  but  it  is  necessary 
o  decide  what  source  will  be  used  and  to  set  the  maximum  per  cent 
if  wear  for  any  specific  contract  to  prevent  argument  and  the  use 
if  needlessly  inferior  material.  The  size  usually  specified  is  2% 
0  3^2" j  but  this  is  merely  to  permit  the  use  of  the  1%  to  2^" 
ize  for  top,  and  a  perfectly  satisfactory  bottom  can  be  constructed 
f  well-mixed  stone  ranging  in  size  from  %  to  3%",  provided 
>ockets  of  fine  and  coarse  stone  are  not  permitted.  Tailings  can 
>e  used  if  knapped  to  the  proper  size. 

Macadam  Bottom  Filler. — Coarse  sand,  stone,  or  slag  screenings 
nake  the  best  filler;  sandy  loam  is  satisfactory  on  light-traffic  roads. 

iller  is  very  important;  it  should  be  a  separate  item,  separately 
>aid  for,  and  no  material  which  softens  when  wet  should  be  used, 
ven  for  unimportant  roads.  A  considerable  number  of  macadam 
ailures  are  directly  traceable  to  soft  filler. 

Boulder-base  Coarse  Aggregate. — Any  ordinary  boulder  or 
[uarry  stone  is  suitable  provided  it  is  not  rotten.  Large  boulders 
nust  be  sledged  to  suitable  size.  Maximum  size  is  usually  placed 
V  for  any  dimension,  with  the  depth  thickness  not  greater  than 
he  finished  depth  of  the  course  (see  Specifications,  p.  432). 

Boulder-base  Filler. — Crushed  stone  or  slag  or  coarse,  hard  gravel 
ontaining  not  over  15%  of  loam  is  satisfactory.  Fine  sand  or  loam 
hould  never  be  used. 

Gravel  Bottom  and  Suhbase. — A  coarse,  hard  gravel  containing 
lot  over  15%  of  loam  and  having  a  grading  in  size  of  at  least  50% 
etained  on  a  }/±'  mesh  screen  makes  an  excellent  base.  If  the  pit 
un  is  non-uniform  and  excessively  fine,  it  should  be  screened  and 
emixed  in  the  proper  proportions  of  fine  and  coarse. 

Amount  of  Material  Required  per  Cubic  Yard  of  Consolidated 
Macadam. — Top  course  requires  approximately  1.3  cu.  yd.,  loose 
neasure,  of  crushed  stone  (1^  to  2%"  size)  and  approximately 

5  cu.  yd.  stone  screenings  for  binder  and  wearing  course.  The 
veight  of  this  material  will  vary  according  to  the  kind  of  stone  used. 
Commercial  plants  will  furnish  data  of  loose-measure  weights  of 
heir  standard  sizes.  Table  88  gives  a  fairly  close  means  of  estimat- 
ng  weight. 

In  western  New  York,  for  limestone  having  a  specific  gravity  of 
pproximately  2.7  (170  lb.  per  cubic  foot),  the  total  weight  of  stone 
i.nd  screenings  per  cubic  3*ard  of  finished  water-bound  macadam  top 
:ourse,  including  the  wearing  course,  is  close  to  4400  lb.  From  50 
o  80  gal.  of  water  are  required  to  puddle  a  cubic  yard  of  top  course. 

Macadam  bottom  course  requires  approximately  1.3  cu.  yd.  loose 
neasure  of  crushed  stone,  slag,  or  screened  gravel  ranging  in  size 
rom  2}4  to  3M"  and  approximately  0.35  cu.  yd.  of  sand  or  stone 
creening  filler.  Where  the  bottom  is  constructed  of  mixed  sizes 
rom  1^  to  zW  1  it  requires  approximately  1.25  cu.  yd.  loose 
>er  consolidated  yard  of  finished  macadam. 
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Table  88. — Weights1  of  Materials 


£ 


C": 


Kind 


Specific 
gravity- 


Broken  stone,  pounds  per 
cubic  yard 


Loose  spread 
45%  voids 


Compacted 
30%  voids 


Trap. 


Granite . 


Limestone. 


Sandstone. 


2590 
2680 
2770 
2870 

2400 
2500 
2590 

2400 
2500 
2590 

2200 
2310 

2400 
2500 


3300 
3420 

3540 
3650 

3060 
3180 
3300 

3060 
3180 
3300 

2830 
2940 
3060 
3180 


1  "Asphalt  Association  Pocket  Reference." 

• 

Pit-run  gravel  subbase  requires  approximately  1.2  cu.  yd.  loose 
measure  per  consolidated  cubic  yard. 

Field-stone  boulder  subbase  requires  1  cu.  yd.  of  boulders  per  cubic 
yard  of  finished  course  where  only  one  layer  of  uniform-sized 
boulders  is  used.  Such  a  base  requires  0.5  cu.  yd.  of  gravel  01 
crushed-stone  filler.  Where  the  depth  of  the  base  is  greater  than 
the  average-sized  boulder,  approximately  1.25  cu.  yd.  of  boulders 
are  required  per  cubic  yard  of  finished  base,  with  from  0.3  to  0.4 
cu.  yd.  of  gravel  or  crushed-stone  filler. 

Design. — The  design  of  macadam  pavements  considers  the 
proper  use  of  local  materials,  the  depth  required  on  different  soils, 
width,  crown,  etc.  Pages  366  to  392  developed  the  detail  theory  of 
total  macadam  depth  under  different  traffic  and  soil  conditions. 
Table  74  (p.  391)  gives  these  depth  data.  Having  established  the 
total  depths,  alternate  estimates  are  made  on  the  basis  of  utilizing 
gravel,  boulder,  or  crushed-stone  base  courses.  The  variations 
in  depth  of  the  macadam  surface  on  these  different  bases  were 
developed  on  page  390.  The  most  economical  combination  is 
adopted  (for  example,  see  Official  Report,  p.  1095).  Where  boulder 
and  gravel  are  both  available,  it  is  generally  better  and  more 
economical  to  use  boulder  base,  gravel  filled,  with  a  thinner  mac- 
adam surface.  While  it  is  desirable  to  keep  the  depth  of  top 
course  to  a  minimum  on  account  of  the  high  cost  of  this  part  of 
the  pavement,  it  is  not  safe  to  use  less  than  a  3"  consolidated  depth 
on  account  of  the  tendency  to  ravel  and  kick  out. 

Widths. — Widths  were  discussed  in  the  chapter  on  Sections  (pp. 
130  to  142). 
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Crown. — A  circular-arc  crown  is  a  good  form.  For  the  narrow 
ingle-track  local  roads,  a  total  crown  of  %  to  Yi"  per  foot  of  half 

idth  is  a  good  rule.  For  the  wider  roads  16  to  18'  and  for  village 
treets,  the  crown  should  be  about  %  6  to  %"  per  foot  on  account  of 
uture  use  of  the  macadam  as  a  base  for  asphaltic  concrete  or  small 

Block  surfacings.  One-way  banking  on  sharp  curves  is  desirable  for 
iral  roads  carrying  over  300  vehicles  daily,  but  is  a  useless  refine- 
rient  on  light-traffic  local  roads. 

See  Chap.  Ill  (p.  123)  for  complete  discussion  of  crowns. 

Superelevation  on  Curves. — Superelevation  was  discussed  in 
^hap.  Ill  (p.  127). 

Limitations  Imposed  by  Steep  Grades. — See  page  425. 

Specifications. — See  Part  III  (pp.  1454  to  1455). 

Construction  Equipment. — Equipment  is  discussed  in  Chap.  XV 
pp.  1261  to  1262). 

Inspection  Details. — See  Chap.  XVI  (pp.  1272  to  1296). 

General  Maintenance  Methods. — Detail  maintenance  methods 
nd  costs  are  given  in  Chap.  VII. 

Well-defined  holes  are  repaired  by  cutting  out  the  edges  square 
nd  vertical,  filling  with  regular  top  stone,  rolling,  and  puddling  as 
n  the  original  construction.  Small  depressions  are  usually 
emedied  by  filling  with  cold  patch  or  screenings  and  oil.  Surface 
fitting  is  remedied  by  oiling  and  cover.  Shoulders  are  built  up 
>y  scraping  fresh  dirt  or  by  the  addition  of  gravel  or  stone.  The 
naintenance  of  ditches,  guard  rail,  culverts,  etc.  is  similar  for  all 
ypes  of  improvement. 

Penetration  Bituminous  Macadam  Pavements 

General  Discussion. — Bituminous  macadam  is  what  the  name 
mplies,  a  macadam  pavement  bound  with  bituminous  material. 
The  larger  stone  fragments,  ranging  in  size  from  ij^t  to  2^", 
epending  on  the  depth  of  the  course,  are  spread  and  rolled.  A 
leavy  grade  of  refined  tar,  residuum  bituminous  material,  or  fluxed 
mtural  asphalt  is  then  poured  hot,  either  by  hand  or  machines, 
nto  the  voids  of  the  stone  so  that  the  stone  fragments  are  covered 
tvith  a  thin  coat  of  bituminous  material;  y±'  stone  or  dustless 
creenings  are  spread  over  the  surface,  which  is  broomed  and  rolled 
intil  the  voids  are  filled.  If  a  bituminous  flush  coat  is  to  be  used, 
he  excess  filler  is  broomed  off  and  the  surface  application  of  bitu- 
men completed.  Where  the  flush  coat  is  not  applied,  a  wearing 
:oat  of  clean  screenings  is  spread  over  the  surface. 

The  amount  of  bituminous  material  used  as  binder  varies 
from  1.50  to  1.75  gal.  per  square  yard,  depending  on  the  depth  of 
the  course.  The  amount  used  for  flush  coats  ranges  from  0.2  to 
0.5  gal.  per  square  yard.  Standard  Specifications  are  given  on 
page  1458. 

Penetration-bituminous-macadam  pavements  are  satisfactory 
and  economical  under  normal  traffic  conditions  ranging  from  800  to 
2000  vehicles  daily  (10-hr.  count  in  summer  season).  They  have 
been  used  quite  extensively  for  traffic  as  low  as  300  daily  and  in  a 
few  cases  with  moderate  success  up  to  6000  daily,  but  caution  should 
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be  exercised  in  their  selection  for  roads  carrying  more  than  2000 
daily.  The  essential  advantage  of  this  types  lies  in  its  ability  to 
provide  very  satisfactory  road  service  at  less  initial  cost  than  any 
type  of  rigid  pavement.  Under  moderate  traffic  the  final  cost, 
including  maintenance  and  renewal,  compares  favorably  with  any 
type  of  road.  When  well  designed  and  constructed,  with  thick- 
ness recommended  on  page  391,  these  roads  can  be  utilized  in 
the  future  as  bases  for  higher-type  surfacings.  They  are  a  very 
satisfactory  type  for  Class  II  traffic  and  for  residential  village  and 
city  streets.  They  are  not  seriously  damaged  by  settlement  and 
can  be  easily  and  quickly  repaired.  They  are  safe  for  high- 
speed travel;  they  will  ride  well  if  carefully  constructed,  but  under 
careless  inspection,  where  the  bitumen  is  unequally  applied,  they 
gradually  develop  humps  and  hollows  which  are  very  disagreeable 
to  fast  traffic.  This  type  of  pavement  requires  careful  construction 
and  ample  stone  depth.  They  are  resilient  under  steel-tire  traffic 
as  well  as  under  ordinary  motor  traction,  and  for  this  reason  are 
used  extensively  in  England.     They  have  a  pleasing  neutral  color. 

Bituminous  macadams,  including  base  and  top,  range  in  initial 
cost  (1922  cost  conditions)  from  Si. 60  to  S3.40  ($2.20  average) 
per  square  yard,  depending  on  varying  conditions  of  foundation 
soil,  traffic,  and  local  materials;  the  maintenance  charge  will  range 
from  2  to  6  cts.  per  square  yard  per  year,  depending  on  all  sorts  of 
conditions,  and  the  surface  renewal  charge  distributed  over  the 
life  of  the  pavement  will  probably  average  about  10  cts.  for  Class 
III  traffic,  12  cts.  for  Class  II  traffic  to  20  cts.  for  Class  I  traffic  pei 
square  yard  per  year,  1926  cost  conditions.1 

The  use  of  excellent  materials  is  desirable,  but  for  the  type  of 
traffic  usually  served  best  by  this  pavement  (Class  II)  excessive 
refinements  of  materials  or  manipulation  which  raises  the  cost 
needlessly  may  well  be  avoided.  Materials,  details  of  design,  and 
the  essentials  of  inspection  are  later  discussed.  The  following 
designs  can  be  used  with  assurance  of  reasonable  success. 

Recommended  Design. — The  recommended  designs  represent 
conservative  practice.  A  large  mileage  of  thinner  pavements  has 
been  constructed  and  has  served  quite  satisfactorily  for  a  con- 
siderable terms  of  years  under  favorable  traffic  conditions.  As  a 
matter  of  fact,  it  is  rare  that  any  well-constructed  bituminous- 
macadam  road  of  80%  of  the  thickness  recommended  is  a  serious 
failure,  for  if  traffic  proves  too  severe  for  either  the  foundation 
strength  or  surface  resistance  to  wear,  the  old  pavement  can  be 
strengthened  by  additional  stone  and  the  pavement  made  satis- 
factory by  capping  with  a  more  resistant  surface  at  considerably 
less  cost  than  is  required  for  a  rigid  type  of  pavement. 

It  is,  however,  undesirable  to  resort  to  additional  surfacing  in  too 
short  a  period,  particularly  on  the  score  on  depth  weakness,  and  it 
seems  desirable  to  avoid  much  reduction  in  thickness  below  the 
depths  recommended  where  local  traffic  laws  permit  a  28,000-lb. 
gross  vehicle  load  limit.  A  surface  life  of  8  to  12  years  is  reason- 
able for  this  type  when  fairly  well  maintained  under  traffic  of  800 

1  Renewal  costs  based  on  maximum  allowable  Vialog  coefficient  of  250 
without  excessive  maintenance  (see  p.  55 1). 
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Boulder  Base  laid  in  6"to8"lauers 

and  f illed with  Coarse  GrayeLTrushed  „       ,,._.,.        ... ,      _. 

Stone  orSlogony  total  depth  necessary  ,- J Penetration Bituminous MacadamTop 


3^'^r'>sg       .J%tJ7***YF    Underdra  in  en  Uphill 
r,&^^fr77'^r».>Z^-f^£l£>  Side  where  needed 

6  Gra vel  Sub-Base  over  ■'       m-Si 

Quicksand  or  Wet  Oat/  j  "p0r0lJS  We  Weeps 

spaced  30' 

Fig.  152^.. — Recommended  penetration  bituminous  macadam 
pavement  section,  boulder  base  construction  Class  II  or  1 1 .4 
traffic.      For  discussion  of  crown  see  page  448. 

Boulder  Base  any  required  depth; 

laid  in  6  "to  8  "layers  titled  with 

C%$ffij$$ffle    sfAverageDepthBitminoustocadarnTcp 
^—rIOtot5-'~\->\  z„      „ 
te^Pf***  Y  17   iJ^^Cnm?  Grade 

*®g£  Moulder; _|W_  fl*.  '^flJnderdrdins 
f&vvt&Jf**^   inWetSoils 

Z'Porvus  Tile  Weeps, 
spaced  30' 

Fig.   152JB. — Recommended     penetration     bituminous     macadam 
pavement  section,  boulder  base  construction  Class  III  or  IV  traffic. 

SS^^'5SS£/#  JfaetmtionBituminousMaaadamTop  OassfrMTmmc 

or le$s layers. SeeTablellChapZ/ ;'$'       »  •  "        "      -  3  Traffic 

/  !        -. S'trushed Stone orSlagBottom Coarse  Classed? ATrafTic 


-  ,5  Crushed  Stone  orSagBottorr, 
S"StonezGravetor^<  /-A-/  f**  "^   *    *   *     " 

Slog  Shoulders   '•■\^"","'~frS"^'"Z\^       „ 

*  ;  {Circular^  Arc  Crown  <$per  ft  \y  ,  ^"         ^^ 


»  3  Traffic 


'Krown  Grade 

rrf^^^^^^^^^^^Underdrains 


jr**M  inWetSoils 

S "Porous  Tile  Weeps 
spaced30' 

Fig.  1 53/I. — Recommended  penetration  bituminous  macadam 
pavement  section,  gravel  base  construction  Class  II,  IIA  or  III 
traffic^ 

Coarse Oraye/ Sub-Bos?*- Wtol?;->\  tS~*"l<fG»X% 

anu  required  depth  \  YrcularAa  Crown  %perff/3      ■  6      j<*£rown  Grade  , 
Jeefab/JqChap^^  ZZk^jh^^T^ 

3*Porous  Tile  Weeps, 
spaced  30' 

Fig.    153.B. — Recommended     penetration     bituminous     macadam 
pavement  section,  gravel,  base  construction  Class  IV  traffic. 
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to  2000  daily,  although  a  considerable  number  of  cases  do  not  fall 
within  these  limits  (see  Chap.  VII). 

Suitable  Materials. — Materials  for  foundation  courses  were  dis- 
cussed under  Water-bound  Macadam  (p.  44 1).  Top-course 
materials  are  crushed  stone  and  bitumen.  Typical  specifications 
are  given  on  page  1383. 

Crushed  Stone. — Top-course  crushed  stone  consists  of  three 
sizes,  specified  as  follows: 

Coarse  aggregate iH  to  2^"  size 

Intermediate  size Y±  to  i}i"  size 

Dustless  screening 3^  to    %"  size 

The  stone  must  be  hard,  tough,  and  clean.  The  coarse  aggre- 
gate iy±  to  2^"  size  must  be  uniform  and  must  not  contain  over 
15%  of  stone  smaller  than  \}/±'  in  size;  this  is  important.  Under 
heavy  traffic  where  trap  or  the  harder  granites  are  available,  a 
minimum  French  coefficient  of  hardness  of  8  is  desirable  (5%  or 
less  of  wear).  Very  good  results  can  be  obtained  with  a  minimum 
hardness  coefficient  of  7  (6%  or  less  of  wear),  and  this  is  the  usual 
minimum  limit  where  limestones  and  the  harder  sandstones  are  the 
prevailing  formation.  Under  light  traffic  and  where  hard  rock  is 
very  expensive,  a  coefficient  as  low  as  5  has  been  used,  but  under 
such  conditions  it  is  desirable  to  increase  the  size  of  the  coarse  aggre- 
gate to  2^  to  3K"  and  to  use  a  harder  grade  of  rock  for  the  screen- 
ing incorporated  into  the  seal  coat. 

Bitumen. — Either  asphalt  or  refined  tars  of  the  binder  grade  can 
be  successfully  used.  Detail  specifications  are  given  on  page  1388. 
For  penetration  bituminous  macadam,  an  asphalt  binder  is  prefer- 
able. The  proper  consistency  of  asphalt  binder  is  about  the  only 
feature  in  design  which  varies  with  traffic  and  climatic  conditions. 
The  asphalt  authorities  believe  that  Table  89  is  a  safe  guide  for 
determining  this  requirement  of  asphalt  binder.  The  author 
prefers  80-100  for  medium-heavy  traffic  for  western  New  York 
climatic  conditions. 

Table  89. — Variation  in  Penetration  of  Bitumen 


Traffic 


Climatic  temperatures 


Low  Moderate         High 


Light. . . 
Medium 
Heavy. . 


120-150 
90-130 
80-  90 


90-120 
90-120 
80-  90 


80-90 
80-90 
80-90 


Amounts  of  Material. — The  amounts  required  for  the  founda- 
tion  courses  are  given  under   Water-bound  Macadam  (p.   441)- 

For  penetration  top  course,  records  in  western  New  York  show 
that  the  proportion  of  sizes  used  per  cubic  yard  of  finished  top 
(limestone  aggregate)  are  approximately  as  follows: 
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Per  Cent 

i}^  to  2^"  size  crushed  stone 65 

Y±  to  iK"  size 20 

Dustless  screenings 15 

The  total  weight  of  all  sizes  of  limestone,  sp.  gr.  2.7  (170  lb.  per 
cubic  foot  solid),  is  about  4250  lb.  per  cubic  yard  for  a  2^"  con- 
solidated depth  of  finished  macadam  and  about  4350  lb.  per  cubic 
yard  for  a  3"  consolidated  depth. 

The  following  table  contains  data  released  by  the  Asphalt  Asso- 
ciation: 

Asphaltic  Macadam  Wearing  Course 
(2^"  consolidated  thickness) 


Materials 


Pounds  per 
square  yard 


Coarse  stone 

Intermediate  stone 

Screenings 

Asphalt 


227 
45 
25 
19 


Bituminous  Binder. — For  single-coat  work  on  steep  grades,  1.5 
gal.  per  square  yard  applied  in  one  coat  is  satisfactory  for  2^" 
depth  of  top  and  1.75  gal.  per  square  yard  for  the  3"  depth.  Where 
seal  coats  are  used  on  the  lighter  grades,  0.4  to  0.5  gal.  is  generally 
used.  Asphalt  binder  for  penetration  macadam  weighs  about  as 
follows: 

Asphalt 


Specific  gravity 

Weight,  pounds  per  gallon 

I  .00 
I  .02 
I  .04 
I  .06 

8-33 
8.50 
8.66 
8.83 

Design. — The  principles  of  design  are  essentially  the  same  as 
for  water-bound  macadam;  that  is,  a  good  design  considers  the 
varying  depth  required  for  the  prevailing  soils,  the  most  economical 
use  of  local  materials,  width,  crown,  and  depth  of  top  course.  To 
determine  total  depths,  reference  is  made  to  Table  74  (p.  391). 
Having  decided  on  the  depths  required,  alternate  estimates  are 
prepared  on  the  basis  of  utilizing  gravel,  boulder,  or  macadam 
foundation  courses.  The  variations  in  depth  of  macadam  over 
gravel  or  boulder  bases  were  developed  on  page  390.  The  most 
economical    combination   is    adopted.     The    important   point   is 
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that  a  real  design  shall  be  made,  considering  soil  conditions  and 
local  material.  Rigidly  standardized  uniform  depth  over  varying 
soils  is  to  be  avoided  (see  sample  design  report,  p.  1095).  Where  a 
macadam  bottom  or  evener  course  is  used,  it  is  permissible  to  reduce 
the  top  to  a  2^"  thickness  under  fairly  light  traffic.  Under  heavy 
traffic  a  depth  of  3"  is  recommended.  Some  states  use  a  2"  depth 
of  top,  but  experience  has  not  been  entirely  satisfactory  with  depths 
of  less  than  2%"  where  a  limestone  aggregate  is  used. 

Widths  and  Crown. — Widths  were  discussed  in  detail  in  Chap. 
III.  Extra  widening  at  sharp  curves  is  desirable  (see  Tables  3  7  J. 
to  37^5,     p.  132).     Village-street  widths  are  outlined  in  Chap.  III. 

A  circular  arc  crown  is  a  good  form.  The  total  difference  in 
elevation  between  center  and  edge  of  pavement  is  usually  based 
on  %^  to  %"  multiplied  by  the  half  the  width  in  feet.  For  the 
usual  road  16  to  20'  in  width,  the  slope  of  ^O,"  per  foot  seems  satis- 
factory. For  village  streets  of  greater  width  it  is  just  as  well  to 
use  the  crown  recommended  for  sheet-asphalt  pavements  as  given 
on  page  505. 

On  sharp  curves  on  rural  highways,  one-way  banking  is  desirable 
except  on  high  fills.  Ordinary  practice  in  regard  to  banking  slopes 
is  given  on  page  127. 

Steep  Grades. — See  pages  425  and  101  for  limitations  of  use  on 
steep  grades. 

Comparative  Costs. — The  cost  of  one-coat  2J3"  bituminous  top, 
using  1.5  gal.  per  square  yard,  will  range  from  80  cts.  to  $1,  and  a 
3"  one-coat  top,  using  1.75  gal.  per  square  yard,  from  $1  to  $1.20 
a  square  yard.  The  flush  coat  using  0.4  gal.  per  square  yard  will 
add  about  8  cts.  to  the  above  costs.  For  comparison  with  macadam, 
a  fair  set  of  prices  is  (1922  cost  conditions): 

Price  per 
Square  Yard 

3"  water-bound  macadam  top  course $0.  70 

2^"  bituminous  top,  one  coat  of  bitumen       0.85 

2W  bituminous  top,  flush  coat 0.90 

3"  bituminous  top,  one  coat  of  bitumen..  .        1 .00 
3"  bituminous  top,  flush  coat 1 .  10 

Specifications. — See  Part  III,  pp.  1458  to  1459. 

Construction  Equipment. — See  Chap.  XV  (pp.  1262  to  1263). 

Inspection  Details. — See  Chap.  XVI  (pp.  1296  to  1297). 

General  Maintenance  Methods. — For  detail  methods  and  suit- 
ability of  materials,  see  Chap.  VII. 

Well-defined  holes  are  repaired  by  digging  out  the  top  course 
for  the  entire  depth,  out  to  the  outer  limits  of  the  depression; 
squaring  up  the  edges,  and  then  filling  in  with  regular  top-size 
stone,  1%  to  2^";  rolling  or  tamping;  pouring  with  the  same 
type  of  binder  as  the  original  course;  adding  $£"  stone  and  screen- 
ings as  in  the  original  construction.  Small  holes  are  repaired  by 
filling  in  with  cold  patch  or  screenings,  and  oil  and  surface  pitting 
or  livening  of  the  bituminous  binder  is  remedied  by  surface  oiling, 
using  an  asphaltic  oil  if  the  binder  is  asphalt  and  a  light  tar  if  the 
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binder  is  a  refined  tar.     Shoulders,  ditches,  guard  rail,  etc.  are 
routine  procedure  for  all  types  of  road  as  previously  described. 

RIGID-BASE  PAVEMENTS 

Cement-concrete  Pavements 

The  usual  concrete  pavement  is  composed  of  a  series  of  slabs 
separated  by  expansion  and  contraction  joints.  The  concrete  is 
generally  the  same  mix  for  the  entire  depth,  although  some  pave- 
ments have  a  special  rich  surface  mix.  Varying  amounts  of  steel 
are  used  in  the  form  of  dowels,  corner  bars,  tie  bars,  and  mesh. 
Modifications  of  this  type  are  constructed,  such  as  Hassam  con- 
crete and  concrete  with  thin  bituminous  surfaces.  Specifications 
on  page  1470  summarize  the  detail  methods  of  construction.  A 
large  mileage  of  concrete  pavement  has  been  constructed  on  rural 
highways  within  the  past  few  years  and  has  met  with  popular 
approval. 

From  the  engineering  standpoint,  concrete  pavements  are  an 
excellent  type  for  moderately  heavy  traffic  (2000  to  5000  vehicles 
daily,  10-hr.  count  in  the  summer  season).  They  have  a  gritty 
surface,  which  is  safe  for  high-speed  travel.  They  ride  well  if 
carefully  constructed,  particularly  if  built  in  separate  strips  8  to 
io'  wide,  but  under  the  usual  inspection  they  are  often  rather 
bumpy  and  on  grades  of  over  5%  it  is  very  difficult  to  get  a  smooth- 
riding  pavement  even  with  the  greatest  care.  They  have  a  bad 
glare  in  bright  sunlight,  but  are  easy  to  follow  at  night.  For 
village  or  city  streets,  they  do  not  look  so  well  as  pavements 
having  a  more  neutral  color,  and  in  case  they  are  used  on  curbed 
streets  a  high  curb  should  be  designed  to  permit  future  surfacing 
on  top  of  the  concrete.  Concrete  pavements  cost  from  $2.50  to  $4 
per  square  yard  ($3  average,  1926)  for  new  construction;  the 
maintenance  charge  will  range  from  0.3  to  3.0  cts.  per  square  yard  per 
year,  depending  on  all  sorts  of  conditions,  and  the  surface  renewal 
charge  distributed  over  the  life  of  the  pavement  will  probably  aver- 
age about  10  to  14  cts.  per  square  yard  per  year,  1926  cost  condi- 
tions.1 They  are  an  excellent  type  for  the  lower-limit  Class  I 
roads  or  the  higher-limit  Class  II  roads  where  there  is  no  large  per- 
centage of  steel-tire  traffic,  but  from  an  economic  standpoint  they 
should  be  used  with  caution  for  traffic  of  less  than  1500  vehicles 
daily.  They  are  more  suitable  for  country  highways  than  for  vil- 
lage or  city  streets  except  alleys. 

Concrete  pavements  give  the  advantages  of  the  rigid-pavement 

type  generally  at  less  initial  cost  than  other  standard  pavements, 

provided  care  is  taken  not  to  spend  too  much  on  refinements. 

When  surface  failure  occurs  they  can  be  used  effectively  as  a  base 

for  any  of  the  standard  paving  surfaces.     The  essential  advantage 

of  the  concrete  pavement  lies  in  its  temporary  use  as  a  surfacing 

and  its  comparatively  permanent  value  as  a  rigid  base.     To  derive 

the  most  benefit  from  this  combination  of  uses,  it  is  necessary  to 

1  Renewal  costs  based  on  maximum  Vialog  coefficient  of  250  without  exces- 
sive maintenance  (see  p.  551). 
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avoid  excessive  expenditure  on  refinements  which  have  only  a 
minor  effect  in  increasing  the  life  of  the  surface.  A  design  which 
results  in  a  surface  life  of  8  to  15  years,  depending  on  traffic  volume, 
seems  rational  for  this  type,  considering  the  cost  and  the  doubtful 
success  of  attempting  to  increase  this  period.  This  requires  the 
use  of  excellent  material  and  careful  manipulation,  but  it  does  not 
require  laboratory  standards  of  mixing  and  curing  nor  does  it 
require  the  extreme  refinements  of  true  reinforced-concrete  design. 

The  cost  of  concrete  pavements  has  been  gradually  increased  by 
various  refinements  in  materials,  richness  in  mix,  care  in  curing, 
joint  details,  reinforcement,  etc.  The  object  of  all  the  refinements 
above  1:2^:5  concrete  suitable  for  paving  base  of  two-course  pave- 
ments is  to  produce  a  wearing  surface  for  traffic  which  will  serve 
satisfactorily  for  a  reasonable  length  of  time  before  recapping  with 
some  standard  form  of  renewal  surface.  Eventually,  all  concrete 
roads  will  probably  serve  as  bases  for  asphaltic  concretes,  brick, 
asphalt  block,  stone  block,  or  some  form  of  repairable  surface. 
It  seems  probable  that  the  limit  of  justifiable  expenditures  for  addi- 
tional refinements  in  design  and  construction  has  about  been 
reached,  and  in  some  cases  exceeded.  No  matter  what  care  is 
taken,  spauling  at  joints,  surface  scale  and  pitting,  vibratory  dis- 
integration, and  weather  action  produce  a  rough  unsightly  surface 
in  a  comparatively  short  time,  and  it  seems  good  policy  to  get 
merely  a  reasonably  good  concrete  of  adequate  depth  with  the 
idea  of  resurfacing  as  it  is  needed.  There  is  considerable  disagree- 
ment concerning  the  practical  limitations  of  materials,  manipula- 
tion, etc.  to  carry  out  this  general  policy,  but  the  following  data 
can  be  used  with  assurance  of  reasonably  good  results. 

Recommended  Design  (Concrete  Pavements). — The  recom- 
mended designs  represent  conservative  practice.  A  large  mileage 
of  thinner  roads  has  been  built  and  has  served  quite  satisfactorily 
for  short  periods  of  time.  Any  well-constructed  concrete  road  of 
6^2"  average  depth  or  more  cannot  be  a  serious  failure,  for  if  the 
traffic  proves  too  severe  a  test  for  the  concrete  as  constructed  it  can 
be  protected  and  strengthened  by  capping  with  some  standard  form 
of  surface  which  will  make  the  road  suitable  for  the  heaviest  modern 
loads. 

It  is,  however,  undesirable  to  resort  to  additional  surfacing  in 
too  short  a  period,  particularly  on  the  score  of  depth  weakness, 
and  there  seems  to  be  considerable  doubt  as  to  the  advisability  of 
reducing  strength  below  the  limits  shown  in  the  following  sections 
where  local  traffic  laws  permit  a  28,000-lb.  gross  vehicle  load. 

These  designs  are  based  on  the  general  line  of  reasoning  outlined 
in  the  discussion  following  the  sample  designs  and  theory  developed 
pages  392  to  427. 

Recommended  Design  1  (see  Fig.  154).  Suitability. — Rural  highway 
traffic  range  of  4000  to  6000  vehicles  daily  (10-hr.  count  in  summer  season) 
in  localities  having  a  28,ooo-lb.  gross  vehicle  load  limit. 

Width. — Twenty  feet  constructed  one-half  at  a  time. 

Crown. — Circular-arc  radius  240'.      Edge  2\&"  below  center  line. 

Concrete. — A  1:  1^:3  mix  with  cement  content  not  to  exceed  1.9.  and 
crushing  strength,  28-day  age,  of  from  3000  to  4000  lb.  per  square  inch. 
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Transverse  Joints. — Three-eighths-inch  premolded  asphalt  spaced  33',  care 
being  taken  to  insure  vertical  position  of  joint.  Joints  to  be  ^2"  deeper 
than  pavement  and  cut  off  after  completion  of  pavement.  Concrete  to 
be  rounded  with  an  edge  radius  J-i"  on  both  sides  of  joint.  Joints  to  be 
backed  with  16-gage  steel  plates,  H"  less  depth  than  pavement  on  grades  of 
4  %  or  more  to  insure  vertical  position.     No  dowels  or  grooves  at  joints. 


Mesh  k  below  Surface'  .       ..-   ..     .... 

'       ;  LOngituainalJoinr 

„        '•     Edge  Rounded  painted  with  Bitumen 
Edge  founaed^  Rod  \  Mesn  C  L.  Grade  Elevation. 
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Galvanized  Mesh  weighing 

approx.  0.4 lbs. per sa.  ft. 

Main  me  1.  ibers  parallel 

■     with  roadfc  spaced  approx. 

4",  net  area  'at  least  b./ja" 

per  ft.  width  of  road.  Tie 

members  spaced  approx. 

12  "c.  to  c.  Sheets  $  -  //  "wide 


and  any  convenient  length. 
Sheets  lapped  6  "at joints . 


s 

I 


Bar  Layout  Mesh  layout 

Fig.    154. — Recommended  Design  1. 


Depth  of  Concrete. — Based  on  Table  86  (p.  426). 


Ordinary  soils 

Gravel  or  macadam. 


Outside 

Interior 

Edge, 

Areas, 

Inches 

Inches 

8>i 

7>i 

1Y% 

6H 

Over  freshly  back-filled  culvert  trenches  over  5'  wide  increase  depth  and 
place  bottom  reinforcement  to  conform  to  culvert  slab  practice. 

Reinforcement. — Combination  of  mesh  and  bar.  Galvanized  mesh  to 
weigh  not  less  than  0.4  lb.  per  square  foot  with  the  main  members  having 
an  effective  area  of  not  less  than  0.11  sq.  in.  per  foot  width  of  mesh  and 
spaced  not  over  4"  C.  to  C,  the  tie  members  to  be  spaced  not  over    12" 
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2  J.H 

C.   to  C.     Size  and  spacing  of  corner  bars  based  on  formula  5  =  — '— — . 

a2 

with  W  =  14,000  lb.  (see  p.  415).  Percentage  area  of  reinforcement  of 
corner  bars  approximately  three-tenths  of  1  %.  Tie  bars,  arbitrary  assump- 
tion as  shown. 

Quantities  Required  per  100'  of  Road  for  This  Design 

New  Resurfacing 
Grading  Jobs 

Concrete,  cubic  yard 47.85  44-77 

Mesh,  square  feet 2100  2100 

Steel,  pounds 860  860 

Expansion  joints,  linear  feet 60  60 

Approximate  Cost  (1922)  per  Square  Yard 

New  Resurfacing 
Grading  Jobs 

Concrete $2..  70  $2  .  59 

Mesh 0.28  0 .28 

Steel 0 .  10  o .  10 

Expansion  joints 0.03  o .  03 

Total $3.20  $3.00 

A  9^i"  depth  of  plain  concrete  which  is  equal  in  strength  to  this  design 
costs  approximately  $3.40  per  square  yard  for  new  grading  conditions. 

Recommended  Design  2  (see  Fig.  155).  Suitability. — For  a  rural  high- 
way traffic  range  of  1500  to  4000  vehicles  daily  (10-hr.  count  in  summer 
season)  in  localities  having  a  28,000-lb.  gross  vehicle  load  limit. 

Width. — Eighteen  feet  constructed  one-half  at  a  time. 

Crown. — Circular-arc  radius  200'.     Edge  2"  below  center  line. 

Concrete. — A  1:  iJ-£:3  rnix  with  cement  content  not  to  exceed  1.9,  and 
crushing  strength,  28-day  age,  of  from  3000  to  4000  lb.  per  square  inch. 

Transverse  Joints. — Same  as  Design  1. 

Depth  of  Concrete. — Based  on  Table  86  (p.  426). 

Outside  Interior 

Edge,  Areas, 

Inches  Inches 

Ordinary  soils &}$  7?4 

Macadam  or  gravel 7^4  7 

Over  freshly  back-filled  culvert  trenches  over  5'  wide  increase  depth  and 
use  bottom  reinforcement  to  conform  to  standard  culvert  slab  practice. 
Reinforcement. — Bars  only.     Size  and  spacing  of  corner  bars  based  on 

formula  5  =     '       >  with  W  =  14,000  lb.     Percentage  area  of  reinforcement 
a2 

of  corner  bar  approximately  one-fourth  of  1  %.  Tie  bars,  arbitrary  assump- 
tion as  shown. 

Quantities  per  100'  of  Road  for  This  Design 

New         Resurfacing 
Grading  Jobs 

Concrete,  cubic  yards 44-44  41  -97 

Steel,  pounds mo  1110 

Expansion  joints,  linear  feet 54  54 

Approximate  Cost  (1922)  per  Square  Yard 

New  Resurfacing 
Grading  Jobs 

Concrete $2  .  83  $2  .  63 

Steel 0.14  0.14 

Expansion  joints 0.03  o .  03 

Total 53-00  52.8o 
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A  plain  concrete  pavement  of  equal  strength  costs  about  $3.30  per  square 
yard. 

Recommended  Design  3  (see  Fig.  156).  Suitability.- — For  rural  highway 
traffic  of  less  than  1500  daily.  For  these  traffic  conditions  a  concrete  pave- 
ment is  rarely  justified  from  an  engineering  standpoint.  Local  demand, 
however,  sometimes  requires  this  type  under  these  conditions,  and  for  the 
purposes  of  expediency  it  is  often  desirable  to  meet  the  demand.     Under 
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Fig.    155. — Recommended  Design  2. 

these  conditions  it  is  just  as  well  to  cut  the  first  cost  to  a  minimum  and 
design  the  pavement  with  the  idea  of  recapping  with  asphalt,  etc.,  as  soon 
as  it  shows  the  need.  It  should,  however,  be  made  strong  enough  so  that 
an  asphalt  surface  will  raise  its  strength  to  that  required  for  main-road  loads. 

Width. — Sixteen  to  eighteen  feet  recommended,  constructed  one-half  at 
a  time,  or  if  full  width  is  constructed  at  once,  use  submerged  longitudinal 
steel  joint. 

Crown. — Circular-arc  radius  200'.     Edge  2"  below  center  line. 

Concrete. — A  1:2:4  mix  with  cement  content  of  not  over  1.7,  and  28-day 
crushing  strength  of  2500  to  3500  lb.  per  square  inch. 

Transverse  Joints. — Same  as  Design  1. 

Average  thickness  of  concrete  6>2'  to  7"  for  construction  on  new  grading 

ordinary  loams  and  clays,  based  on  formula  d  =    \^-^ — ,  with  W  =  12,000 
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and  5  =  360  lb.      For  gravel  soils  or  resurfacing  on  top  of  old  macadam  cut  | 
depth  3-2"  below  formula. 

Reinforcement. — Corner  bars   based   on  formula   5  =  —jz —      Percentage 

area  approximately  four-tenths  of  1%.     Single  side  tie  bar. 
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Fig.   157. — Recommended  Design  4. 

Quantities  per  loo'  of  i6'  Road  for  This  Design 

New  Resurfacing 

Grading  Jobs 

Concrete,  cubic  yards 34-6  32 . 1 

Steel,  pounds 820  820 

Expansion,  linear  feet 48  48 
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Concrete 

Steel 

Expansion 

Longitudinal  steel  joints. 


New- 

Resurfacing 

Grading 

Jobs 

$2  .24 

$2.08 

0. 12 

0. 12 

0.02 

0.02 

0.04 

0.04 

Total $2 .  42 


$2.26 


Recommended  Design  4  (see  Fig.  157).  Suitability. — For  village  business 
street,  28,000-lb.  gross  vehicle  load  limit. 

Width. — Any  desired  total  width  constructed  in  longitudinal  strips  of 
from  10  to  20'  width.  Longitudinal  joints  painted  with  bitumen.  Expan- 
sion along  gutter  line  and  at  intervals  of  33  to  40'  across  road. 

Crown. — Circular  arc  producing  depth  of  edge  below  center  line  as  shown 
on  charts  (p.  505). 

Curb. — Seven  inches  high  to  permit  future  surfacing  of  asphaltic  concrete 
or  thin  block. 

Concrete. — A  1:  1}^'.  3  mix  with  cement  content  of  not  to  exceed  2.0,  and 
crushing  strength,  28-day  age,  of  3000  to  4000  lb.  per  square  inch. 

Transverse  Joints. — Three-eighths  inch  premolded  asphalt  spaced  33'. 
Special  care  to  keep  straight  and  at  right  angles  to  curbs. 

Depth  of  Concrete. — Seven  and  one-half  inches  uniform  on  loams  and  clays. 
Six  and  three-fourths  inches  uniform  on  gravels  and  coarse  sands. 

Reinforcement. — Same  as  Design  1  except  direction  of  main  members  of 
mesh,  which  are  at  right  angles  to  the  direction  shown  in  Design  1,  where 
longitudinal  joints  are  more  than  12'  apart. 

Mesh. — To  weigh  not  less  than  0.56  lb.  per  square  foot  and  to  have  an 
effective  area  of  0.14  sq.  in.  per  foot  width.  Corner  bars  three-tenths  of  1  % 
of  section  area  for  30"  back  from  corners. 
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Fig.  158. 


'£     Reinforcing  Metal     '    *V*  Reinforcing  Metal       ?mK  «v« 
8*Reinforced  Concrete -Double  Line 

-State  of  New  Jersey  (1922)  Standard  plain  and  rein- 
forced concrete  pavements. 


Summary  of  Current  Practice. — The  tabulation  (p.  462)  gives  a 
quick  means  of  noting  the  essential  features  of  current  practice. 
This  table  was  compiled  by  the  Portland  Cement  Association  in 
1922.  The  typical  sections  following  show  standard  sections  of 
various  design: 

Materials. — The  materials  required  are  cement,  gravel,  stone  or 
slag,  sand  or  screenings,  water,  expansion  joints,  reinforcement, 
and  joint  plates. 
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Cement. — The  requirements  of  the  Portland  cement  have  been 
quite  well  standardized  and  the  required  quality  can  be  obtained 
without  much  difficulty.  All  cement  should,  however,  be  tested 
and  approved  before  use. 

Cement  specifications  are  given  on  page  1387. 

Cement  tests  are  described  in  Chap.    XI  (p.  734). 

Gravel  and  Broken-stone  Aggregate. — The  essential  qualities  of  the 
coarse  aggregate  are  that  it  be  a  clean,  hard,  well-graded  size  of 
crushed-rock  or  screened-gravel  product. 

Where  trap  rock  and  the  harder  granites  are  available,  the 
minimum  hardness  requirement  for  crushed  stone  is  generally 
placed  at  French  coefficient  of  8  (5%  of  wear).  Where  the  lime- 
stones,   hard   sandstones,   and   granite   hardheads   are   the   most 
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Fig.   159. — Massachusetts  concrete  road  section  (1922). 

feasible  source  of  supply,  the  minimum  French  coefficient  can  be 
dropped  to  7  (6%  of  wear)  with  very  good  results.  In  exceptional 
cases  a  value  as  low  as  6  (7%  of  wear)  has  been  used  with  moderate 
success,  but  anything  below  7  is  risky  for  this  type  of  pavement. 
The  pavement  is  expensive  and  it  is  poor  policy  to  use  inferior 
materials  which  reduce  the  effectiveness  of  the  result.  The 
standard  gravel  abrasive  test  giving  a  15%  wear  is  about  equivalent 
to  a  5%  wear  of  crushed-stone  Deval  test  (see  Chap.  XI  p.  742). 

A  graded  size  is  desirable,  but  it  is  not  feasible  to  pay  too  much 
attention  to  this  factor.  Current  practice  favors  a  maximum  size 
of  2^2  to  2%"  and  a  minimum  of  ££"  for  a  small  percentage  of  the 
product.  The  W  size  should  not  exceed  25%  of  the  total  coarse 
aggregate,  which  should  be  well  graded  between  the  }§  and  2^4" 
limits. 

Typical  aggregate  specifications  are  given  on  pages  1383  and  1387. 

Typical  tests  of  stone  are  described  in  Chap.  XI  (p.  705). 

Slag  Aggregate. — Crushed  blast-furnace  slag  has  been  given 
attention  as  a  substitute  for  stone  and  gravel,  as  in  some  localities 
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its  use  materially  cheapens  the  pavement.  There  has  been  con- 
siderable doubt  as  to  the  effect  of  slag  in  combination  with  cement. 
The  slag-concrete  roads  which  have  had  service  tests,  in  conjunc- 
tion with  the  laboratory,  extending  over  a  considerable  period 
indicate  that  a  tough,  strong  concrete  can  be  constructed  of  properly 
selected  slag  and  that  this  concrete  is  not  weakened  by  chemical 
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Fig.   160. — Illinois  concrete  pavements  (1922). 

iction  due  to  the  slag  aggregate.  Road  concrete  constructed  of 
Jag,  however,  tends  to  pit  on  the  surface,  due  to  a  small  percentage 
)f  pumice  in  the  aggregate,  and  this  is  unslightly  at  best.  Slag- 
oncrete  pavement  serves  the  traffic  quite  satisfactorily,  and  in 
ertain  instances  it  can  be  used  to  advantage,  but  engineers,  as  a 
•ule,  prefer  stone  or  hard  gravel  for  most  conditions  of  material 
(text  continued  on  page  460.) 
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supply.  Slag  aggregate  is  entirely  satisfactory  for  concrete- 
paving  bases.  Slag  should  weigh  at  least  1800  lb.  per  cubic  yard 
and  have  a  test  of  wear  of  not  exceeding  12%  (Standard  Slag  Abra- 
sion Test). 

Sand. — The  sand  used  should  be  a  hard,  clean,  well-graded  sand 
free  from  organic  impurities  and  containing  only  a  small  percentage 
of  loam  or  silt.  A  hard,  sharp,  graded  sand  which  does  not  pul- 
verize under  rolling  pressure  or  water  slack  is  essential. 
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Fig.   164. — Typical  state  standards  (1923),  cement  concrete  roads 

The  sizing  usually  specified  is  as  follows  (percentages  are  by  dr) 
weight) : 

Per  Cent 

100  passing  3^"  sieve. 
20  minus  passing  No.  50  sieve. 
6  minus  passing  No.  100  sieve. 
5  minus  loam  and  silt. 

Sand  and  cement  mixed  in  the  same  proportion  required  for  pave 
ment  must  develop  at  least  as  much  strength  as  standard  Ottaw; 
sand1  and  cement  mixed  in  the  same  proportions. 

In  exceptional  cases,  rock-crusher  dust  can  be  substituted  for  \ 
part  or  whole  of  the  natural-sand  aggregate,  but  under  the  usua 

1  Ottawa  sand  is  furnished  by  the  Ottawa  Silica  Co.  of  Ottawa,  111.;  100  9 
passes  a  No.  20  sieve  and  100  %  is  retained  on  a  No.  30  sieve.  It  has  abou 
37  %  of  voids  and  a  fineness  modulus  of  3.0. 
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conditions  of  material  supply  this  expedient  should  be  used  with 
caution  (see  Specifications,  and  Sand  Tests,  Chap.  XI). 

Water. — Water  shall  be  free  from  silt  and  organic  matter  and 
shall  not  show  a  strong  alkaline  or  acid  reaction  (see  Chap.  XI 
for  tests). 

Expansion  Joints. — The  premolded  type  is  the  most  practicable 
form  for  good  work;  the  required  properties  and  tests  are  given  on 
page  1401. 

Joint  Plates. — Straight  steel  or  corrugated  steel  plates  Nos.  14 
or  16  U.  S.  gage  with  flange  on  the  bottom  punched  for  spiking  to 
the  grade  are  as  good  a  form  as  can  be  used.  Sixteen  gage  is  thin 
enough  (see  Figs.  161  and  163).  It  is  believed  that  the  straight 
plate  is  superior  to  the  grooved  or  corrugated  form,  which  tends  to 
increase  the  liability  of  spalling. 

Amounts  of  Material  Required.  Amount  of  Water. — The 
amount  of  water  required  will  vary  with  the  natural  dampness  of 
the  loose  aggregate,  its  sizing,  and  the  cement  content  of  the  mix. 
For  the  usual  1:1^:3  concrete  having  a  good  workable  consistency, 
the  use  of  from  30  to  40  gal.  per  cubic  yard  is  about  right.  Either 
excessively  dry  or  sloppy  concrete  is  undesirable.  Some  specifica- 
tions describe  slump  tests  to  determine  consistency  (see  p.  744). 
Such  clauses  are  undoubtedly  desirable  in  case  of  dispute,  but  for 
ordinary  construction  operations  visual  inspection  is  sufficient. 
The  concrete  should  be  plastic,  that  is,  it  should  not  be  so  wet  that 
the  mortar  and  stone  separate  when  dumped  or  so  wet  that  after 
rolling  and  finishing  free  water  runs  off  the  surface  and  drips  off  the 
forms.  It  is  desirable  for  the  mortar  to  flow  slightly,  as  this  pro- 
duces a  denser  concrete  with  the  usual  amount  of  manipulation 
obtained  under  ordinary  working  conditions.  Theoretically, 
fairly  dry  concrete  is  stronger  than  the  plastic  mix,  but  if  a  mix  is  so 
dry  that  it  requires  unusual  care  in  spreading,  tamping,  and  spading 
the  actual  result  day  after  day  is  not  so  satisfactory  as  where 
the  plastic  mix  is  used. 

Sprinkling  subgrade  takes  from  3^  to  i}{  gal.  per  square  yard 
for  dry  sand  per  square  yard  of  pavement. 

Curing  concrete  takes  from  10  to  30  gal.  per  square  yard  if 
properly  done,  depending  on  weather  conditions  and  time  of  year. 
(For  the  effect  of  curing  on  strength,  see  page  477.) 

The  total  amount  of  water,  all  purposes,  will  range  from  20  to  40 
gal.  per  square  yard,  ordinary  depths  of  concrete,  or  from  70  to 
150  gal.  per  cubic  yard  of  concrete. 

Slump-test  Values. — For  defining  the  limits  of  allowable  consist- 
ency in  the  Specifications,  the  slump-test  definition  is  probably 
desirable.  The  standard  test  is  described  in  Chap.  XI  (p.  744)- 
According  to  Prof.  Abrams  of  Lewis  Institute,  the  following  range 
will  produce  satisfactory  consistency. 

Machine  finishing  methods  1"  to  2"  slump. 
Hand  finishing  methods  3"  to  4"  slump. 

Amounts  of  Sand  Stone  and  Cement. — Table  91  page  466  gives 
Abrams  Quantity  tables.  Table  207  page  1092  gives  other  authority 
in  amounts  of  aggegate.     Fullers  Rule  is  given  on  page  1092. 
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Factors  of  Design.— The  main  factors  of  design  are  richness  of 
mix,  reinforcement,  and  joint  details.  Manipulation  methods 
covering  time  of  mix,  care  in  curing,  joints,  etc.,  are  discussed 
under  Specifications  page  1470,  Inspection  Details  page  1299,  to 
on  page  13 13. 

Richness  of  Mix. — Richness  of  mix  affects  beam  strength,  resist- 
ance of  the  pavement  surface  to  abrasion,  and  the  imperviousness 
of  the  surface,  seepage,  and  disintegration  due  to  frost  action. 
Road  concretes  in  ordinary  use  (1926)  range  from  x:  2: 4  to  x:  z£$ :  j 
mix  with  cement  contents  of  from  1.6  to  2.1  bbl.  per  cubic  yard  of 
concrete. 

While  beam  strength  is  slightly  increased  by  added  richness  of 
mix,  this  factor  has  very  little  weight  in  the  final  decision,  as  there 
is  no  well-defined  advantage  of  greater  unit  strength  and  less  depth. 
The  decision  in  regard  to  mix  rests  on  its  effect  on  abrasion  and  the 
pcrosity  of  the  concrete,  that  is,  richness  above  1 :  2^  :  5  is  entirely 
dependent  on  the  production  of  a  longer  surface  life  before  the 
pavement  needs  recapping.     On  this  basis  of  reasoning,  it  is  cer- 
tainly not  desirable  to  increase  the  cost  over  that  required  for 
1:2^:5  mix  by  more  than  10  to  15  cts.  per  square  yard  for  each 
additional   year  of   surface  life.     A  mix  of  1:2^:5  (1.25  bbl.  of 
cement  per  cubic  yard)  taking  traffic  directly  is  not  satisfactory  or 
economical  under  moderate  traffic,  and  even  where  such  a  surface 
is  given  a  light  protective  coat  of  oil  and  screenings  it  rarely  lasts 
over  3  to  5  years  before  a  surface  of  asphaltic  concrete  or  standard 
block   is   necessary.     A    considerable   mileage   of    1:2:4  concrete 
pavements  (1.6  to  1.7  bbl.  of  cement  per  cubic  yard)  has  demon- 
strated its  ability  to  withstand  moderate  traffic  up  to  3000  rubber- 
tired  vehicles  daily  (10-hr.  count  in  summer)  for  a  reasonable  tern: 
of  years  (6  to  12)  before  recapping  is  desirable.     The  increased  cost 
of  this  mix  over  and  above  the  1 :  2^2  : 5  mix  is  most  certainly  justified 
as  it  amounts  to  approximately  0.1  bbl.  per  square  yard  or,  ic 
money,  about  30  cts.  per  square  yard  initial  cost,  and  probably  adds 
at  least  5  years  to  its  surface  life.     In  actual  practice  under  the 
usual  inspection  and  batching  procedure,  considerable  variation  oi 
mix  will  occur,  which  produces  occasional  areas  of  concrete  whict 
are  not  true  1:2:4  mix.     There  have  been  enough  failures  of  small 
areas,  apparently  due  to  porosity  using  this  mix,  to  warrant  a  slight 
increase  in  richness  to  offset  construction  imperfections  on  ever 
moderate-traffic  roads,  and  on  heavy-traffic  roads  a  1:13-3:3  mix 
is  apparently  justified   to   increase   density   to   withstand   traffic 
pounding.     The  average  life  of  such  pavements  cannot  yet  be  sel 
and  will  vary  greatly  due  to  different  traffic  and  excellence  oJ 
construction,  but  they  seem  to  be  about  as  expensive  a  mix  as  is 
desirable.     A  cement  content  of  over  1.9  bbl.  per  cubic  yard  is  oi 
doubtful  value  and  seems  a  waste  of  money  except  possibly  or 
village  pavements.     This  is  not  a  needless  caution,  as  the  cemenl 
factor  has  been  steadily  rising,  and  while  from  the  standpoint  of  the 
material  industries  it  is  desirable  to  sell  all  the  cement  possible 
it  is  poor  engineering  to  use  a  needless  amount.     The  latest  expe- 
dient is  to  call  a  sack  of  cement  0.95  cu.  ft.  in  place  of  i.ocu.ft. 
thus  raising  the  cement  factor  about  5%. 
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Tentative  conclusions  in  regard  to  richness  of  mix  may  be 
xpressed  as  follows: 
For  light-  and  moderate-traffic  roads  up  to  3000  vehicles  daily 
mix  of  approximately  1:1^:3^  with  an  average  cement  content 
f  not  to  exceed  1.7  bbl.  per  cubic  yard  ought  to  give  satisfac- 
ory  results,  provided  the  batching  scheme  prevents  individual 
.atches  varying  more  than  7%  from  the  average.  (This  is  a  rea- 
onable  limit  of  variation  under  modern  specifications.)  This  mix 
hould  show  a  28-day-age  compressive  strength  of  from  2500  to 
1500  lb.  per  square  inch. 

For  the  heavier-traffic  roads  (3000  to  6000  vehicles  daily)   a 
nix  of  approximately  1 :  i}£ :  3  with  a  cement  content  of  not  to  exceed 
-.9  ought  to  give  satisfactory  results  and  appears  to  be  economically 
ustified.     This  mix  should  show  tests  of  3000  to  4000  lb.  at  28  days. 
Table  91  page  466  shows  Abrams'  proportions  for  3000-lb.  con- 
crete; it  is  an  excellent  general  guide,  but,  considering  the  wide 
-ange  in  aggregate  sizes  as  delivered,  it  is  impracticable  to  cut 
:he  proportioning  too  fine.     For  explanation  of  fineness-modulus 
nethod  of  proportioning  mix,  see  page  478. 
Reinforcement  and  Joints.— The  use  of  steel  in  concrete  pave- 
i-tnents  is  a  comparatively  recent  development.     Figures   154  to 
164  show  the  different  methods  in  use  at  present  (1926).     The  wide 
,  variation  in  type,  location,  and  function  of  the  steel  as  used  indicates 
J  conclusively  that  there  is  no  certain  knowledge  as  to  the  exact 
)  value  of  reinforcement  in  pavement  design. 

It  is  conceded  that  the  use  of  some  steel  is  practically  and  eco- 
nomically justified  for  equalizing  construction  imperfections  in  the 
concrete,  for  preventing  interior  cracks  from  spreading  apart,  for 
strengthening  corners  for  cantilever  load  stresses  and  shear,  and 
possibly  for  helping  to  keep  adjacent  slabs  at  the  same  elevation 
and  to  distribute  wheel  loads  across  joints.  There  is,  however,  con- 
siderable doubt  as  to  the  wisdom  of  the  use  of  the  amount  of  steel 
shown  in  some  recent  designs.  Central  areas  of  slabs  are  indeter- 
minate in  design,  as  there  is  no  way  of  telling  how  they  are  stressed 
under  the  fluctuating  conditions  of  traffic  loads  and  subgrade  sup- 
port. It  is  uneconomical  to  attempt  to  increase  the  slab  strength 
of  central  areas  by  the  use  of  steel  as  a  true  reinforcement. 

The  design  of  depth  for  a  pavement  where  reinforcement  is  used 
differs  from  that  of  plain  concrete.  The  assumptions  for  the  design 
of  plain  concrete  slabs  are  quite  rational  and  definite,  namely,  the 
greatest  stress  is  produced  by  a  live  load  at  the  extreme  corner  of  a 
slab;  if  the  slab  is  designed  of  uniform  strength  throughout  and 
made  strong  enough  to  resist  corner  failure,  the  pavement  should 
serve  well,  even  though  internal  cracks  occur,  and  the  elimination  of 
such  cracks  is  not  of  much  importance,  except  on  the  ground  of 
appearance.  These  assumptions,  however,  require  the  use  of  a 
needless  amount  of  concrete  in  internal  areas  where  cracks  do  not 
develop.  If  internal  cracks  can  be  eliminated  or  reduced  to  an 
infrequent  occurrence,  it  is  evident  that  the  use  of  steel  at  corners 
tends  to  produce  a  slab  of  more  uniform  resistance  and  makes  it 
possible  to  reduce  the  required  thickness  of  concrete.  From  an 
economic  standpoint  it  is  therefore  desirable  to  use  some  steel  for 
(text  continued  on  page  469.) 
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increasing  corner  strength.  The  rational  and  sure  use  of  steel  at 
corners  with  thinner  concrete  depends  on  the  control  of  internal 
cracking. 

The  successful  use  of  steel  requires  the  subdivision  of  the  pave- 
ment into  slabs  of  such  size  that  their  integrity  can  usually  be  pre- 
served under  the  action  of  traffic  and  frost.  It  is  undesirable  to 
reduce  the  size  of  slab  below  the  maximum  feasible  size,  as  addi- 
tional joints  introduce  additional  corners,  which  are  points  of 
weakness,  and  more  wear  occurs  at  joints  from  spalling,  etc.  A 
small-sized  slab  also  tends  to  rock  under  eccentric  loading. 

The  decision  in  regard  to  spacing  of  contraction,  expansion,  and 
longitudinal  joints  should  reduce  internal  cracking  to  negligible 
frequency.  If  transverse  joints  are  provided  at  intervals  of  about 
30  to  35'  and  longitudinal  joints  are  provided  for  each  8  to  10' 
of  pavement  width,  experience  shows  that  controlled  cracks  are 
being  provided  for  which  correspond  with  the  natural  cracking 
tendency  of  concrete  under  frost  and  traffic  action;  that  is,  the 
adoption  of  this  system  of  joints  generally  eliminates  frequent 
internal  cracks,  provided  the  pavement  has  sufficient  depth  to 
handle  traffic  loads.  This  system  of  subdivided  slabs  with 
depths  of  7  to  8"  of  concrete  will  practically  eliminate  internal 
cracks,  and  if  the  corners  are  reinforced  enough  to  prevent  corner 
cracks  for  these  depths,  a  fairly  rational  design  results.  This  can 
be  secured  by  corner  reinforcement  (see  page  400) .  It  is  undesirable 
to  reduce  the  thickness  below  the  depths  shown  in  Table  86.  The 
proper  use  of  corner  reinforcement  and  tie  bars  around  the  slabs 
apparently  justifies  a  reduction  in  the  average  thickness  of  the 
concrete  of  about  1  to  i%"  under  that  required  for  a  plain  concrete 
slab. 

This  saving  justifies  a  maximum  expenditure  of  about  4.5  cts. 
per  square  foot  (1922  costs)  for  steel,  or  about  1.0  to  1.5  lb.  of  steel 
per  square  foot.1  This  amount  is  not  often  necessary  or  advisable. 
The  use  of  approximately  0.5  to  0.8  lb.  per  square  foot  apparently 
gives  a  rational  and  economical  result  for  most  cases,  and  this 
amount  is  most  certainly  a  good  investment,  considering  pave- 
ment cost. 

The  use  of  steel  in  pavements  may  be  briefly  summarized  as 
follows:  Figures  154  to  157  show  typical  systems  of  reinforcement 
which  appear  logical. 

Mesh  and  Bar  Types  of  Reinforcement. — The  mesh  type  having 
small  unit  members  and  close  spacing  is  probably  more  effective 
than  bars  for  equalizing  construction  imperfections,  temperature, 
and  moisture  stresses.  It  can  be  placed  closer  to  the  surface  of  the 
pavement  with  less  probability  of  chipping  of  the  concrete  than 
bar  reinforcement.  Theoretically,  it  has  very  little  effect  as  a 
true  tension  reinforcement  but  its  use  seems  beneficial  in  reducing 
longitudinal  cracks  in  wide  slabs.  It  is  particularly  useful  on  wide 
street  pavements  where  it  seems  undesirable  on  account  of  appear- 
ance to  divide  the  pavement  into  narrow  strips. 

1  Mesh  is  an  expensive  form  of  reinforcement  and  should  be  used  only  on 
the  heaviest  type  of  pavement. 
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The  bar  type  is  better  to  hold  adjacent  slabs  in  contact  after  a 
crack  occurs,  and  bars  can  be  more  scientifically  arranged  to  give 
the  most  effective  result  where  an  effort  is  made  to  use  steel  as  a 
true  tension  reinforcement.  Bars,  however,  must  be  placed  far- 
ther below  the  surface  (at  least  2"),  and  they  are  not  very  effective 
as  a  true  tension  reinforcement  where  the  pavement  depth  is  less 
than  7  to  8".  Bars  can  be  most  effectively  used  as  a  corner 
reinforcement  and  as  ties  around  the  outer  edges  of  the  ^labs 
Where  used  as  ties,  they  are  effective  for  any  depth  that  may  be 
adopted. 

Where  the  bars  are  used,  they  are  generally  assembled  into  mats 
and  tied  together  to  insure  proper  spacing  and  elevation  in  the 
concrete.  Theoretically,  this  may  be  desirable,  but  it  requires 
additional  isolated  tie  bars  which  have  very  little  practical  value. 
Personally,  the  author  has  never  experienced  any  difficulty  in 
placing  bars  by  hand  sufficiently  close  to  their  proper  location 
provided  the  reinforcement  is  all  in  the  same  horizontal  plane.  The 
man  placing  the  steel  must  be  intelligent,  but  his  wage  is  more  than 
offset  by  the  saving  in  the  labor  of  manufacturing  the  mats  and  in 
the  saving  of  unnecessary  tie  bars. 

The  typical  recommended  sections  (Figs.  154  to  157)  assume  that 
the  bars  are  placed  by  hand  and  not  wired.  If  it  is  desired  to  use 
the  mat  form,  add  tie  bars  at  the  longitudinal  laps. 

Corner  Reinforcement.— Figure  135  (p.  401)  shows  graphically  the 
effect  of  different  percentages  of  steel  on  modulus  of  rupture:  as 
discussed  on  page  398,  it  is  probably  not  desirable  to  raise  the 
design  tension  value  above  65%  of  the  modulus  of  rupture  for 
28-day  concrete. 

There  are  two  formulas  that  can  be  considered  in  approximating 
the  amount  of  reinforcement  in  corners.  These,  derived  on  page 
415,  are  as  follows: 

s  -  ~d^~  (i) 

2W 

Formula  (1)  is  adopted  for  plain  concrete  and  assumes  approxi- 
mately 85%  of  the  wheel  load  carried  by  the  corner.  Formula  (2) 
assumes  approximately  66%  of  the  wheel  load  carried  by  the  cor- 
ner. Formula  (2)  assumes  the  use  of  doweled  or  grooved  joints  to 
help  transmit  the  load  across  the  joint.  Formula  (1)  is  on  the  safe 
side,  and  as  there  is  considerable  doubt  as  to  the  practical  effective- 
ness and  desirability  of  doweled  joints,  it  seems  the  more  rational 
formula  to  use.  For  an  8"  depth  of- 1 :  i£g :  3  concrete  pavement  on 
a  main  road  in  states  having  a  statutory  limitation  of  28,000-lb. 
gross  vehicle  load,  the  design  wheel  load  plus  impact  is  approxi- 
mately 14,000  lb.  and  the  value  of  S  becomes 

„  _  2.6(14,000) 

o  -  ^ =  580  lb. 
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A  design  tension  value  of  580  lb.  requires  at  least  one-fourth 
to  three-tenths  of  1%  reinforcement.  The  corner  reinforcement 
shown  in  Fig.  154  is  based  on  this  assumption. 

In  a  similar  manner  Table  92  is  constructed.  It  is  intended 
merely  as  a  rough  guide,  as  the  final  decision  rests  on  cut-and-try 
methods  under  actual  traffic  tests. 

Table  92.— Approximate  Percentage  of  Corner 
Reinforcement 


Depth  of 

pavement, 

inches 


Design  wheel  load  W,  in  pounds, 
including  impact  allowance 


8,000 


14,000 


20,000 


0.3 
0.0 
0.0 
0.0 


Not  suitable 
0.4 
0.25 
0.0 


Not  suitable 
Not  suitable 

0.5 

o.3S 


Table  93— Area  of  Steel  in  Square  Inches  per  Foot  Width 
of  Slab  (Corner  Reinforcement) 


Depth  of 

pavement, 

inches 


Design  wheel  load  W 


8,000 


14,000 


20,000 


0.34 
0.24 


0.48 
0.38 


Most  corner  cracks  occur  at  a  distance  of  less  than  2%'  from. tne 
corner,  so  that  if  corner  reinforcement  with  the  effective  area  given 
in  these  tables  is  provided  for  a  distance  of  2.5'  back  from  the 
corner  it  is  apparently  a  safe  design.  The  recommended  reinforce- 
ment layout  of  Fig.  154  is  based  on  this  assumption.  A  con- 
venient size  for  corner  reinforcement  bars  is  %  or  }<%". 

Side  Bars.— The  use  of  some  kind  of  tie  around  the  outer 
edges  of  the  slabs  is  quite  uniformly  approved.  Bars  are  effec- 
tive in  reducing  spread  of  cracks  which  may  develop.  They 
increase  the  distribution  of  load  across  internal  cracks  by  noJding 
the  parts  in  close  contact  and  by  dowel  action.  They  should  be 
strong  enough  to  resist  wheel-load  shear  after  the  crack  forms. 
They  have  practically  no  effect  in  increasing  strength  orin  the 
prevention  of  the  formation  of  cracks.  Convenient  sizes  in 
general  use  are  y2  to  %"  bars  (see  Figs.  159,  i°°>  and  l64)-      . 

Dowels.— The  advocates  of  the  use  of  dowel-pin  connections 
between  adjacent  slabs  believe  that  such  construction  (see  Fig.  159, 
p.  456)  keeps  adjacent  slabs  at  the  same  elevation  and  reduces  the 
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load  carried  by  the  slab  corner.  The  sizes  and  spacing  in  ordinary  li 
use  are  shown  in  Fig.  160;  the  dowels  are  coated  with  bitumen  or 
wrapped  in  paper  or  encased  in  pipe  to  permit  movement  at  trans- 
verse joints.  There  is  comparatively  little  trouble  in  the  matter 
of  equal  level  of  adjacent  slabs  where  the  joints  are  smooth  and 
vertical.  The  few  cases  which  occur  due  to  defective  con- 
struction can  be  easily  remedied.  Personally,  the  author  does 
not  favor  the  attempt  to  produce  a  50%  distribution  across 
construction  transverse  joints  by  means  of  dowel  connections.1 
It  is  doubtful  if  pin  or  groove  joints  can  be  constructed  which 
permit  contraction  and  expansion  and  yet  are  still  very  effective  in 
permanently  transmitting  load.  It  is  believed  that  it  is  a  better 
general  principle  of  design  to  make  the  corners  self-supporting  by 
means  of  corner  reinforcement,  the  action  of  which  is  reasonably 
sure. 

The  recommended  designs  Figs.  154  to  157  are  based  on  this 
principle  of  design. 

Joint  Details. — It  is  desirable  to  reduce  the  number  of  joints  to 
a  minimum,  as  they  are  generally  the  weak  points  in  construction; 
they  also  tend  to  spall  due  to  rub  and  traffic  pounding.  Also, 
enough  joints  must  be  used  to  permit  a  rational  use  of  steel.  Less 
spall,  however,  occurs  at  well-defined  joints  with  rounded 
edges  and  a  complete  smooth  separation  of  adjacent  blocks  than 
at  natural  contraction  cracks  or  where  the  submerged  type  of 
joint  is  used. 

The  treatment  of  expansion  and  contraction  is  the  source  of  very 
wide  disagreement  among  engineers. 

Expansion. — Some  very  excellent  practice  ignores  expansion  on 
the  ground  that  the  stress  produced  is  well  under  the  working  stress 
of  concrete  in  compression  and  that  it  is  cheaper  to  repair  infrequent 
blow-ups  due  to  expansion  than  to  spend  the  necessary  money  for 
expansion  joints.  (Expansion  joints  cost  about  8  to  12  cts.  per 
linear  foot  of  joint  and  their  use  increases  the  pavement  cost  about 
2^  to  4  cts.  per  square  yard.)  Personally,  the  author  believes  that 
all  joints  should  be  both  expansion  and  contraction  joints  and  that 
it  is  not  wise  to  omit  them. 

Expansion  produces  a  stress  of  approximately  13  lb.  per  degree  of 
temperature  where  no  movement  occurs,  and  produces  an  elonga- 
tion of  free  end  slabs  of  approximately  0.008"  per  ioo'  of  road  per 
degree  of  temperature.  For  the  extreme  range  of  temperature  in 
northern  climates,  expansion  probably  does  not  produce  a  com- 
pressive stress  of  over  1000  lb.  per  square  inch  where  expansion 
joints  are  not  used.  This  stress  will  not  cause  failure  of  the 
concrete  but  is  sufficient  to  cause  buckling  or  blow-ups  under 
certain  conditions.  Expansion  joints  permit  the  free  expansion  of 
the  individual  slabs  and  prevent  internal  stresses.  The  space  to  be 
provided  depends  on  the  range  of  temperature  expected;  for  northern 
climates  with  a  maximum  of  perhaps  8o°  above  the  temperature  of 
construction  an  allowance  of  approximately  %"  per  100'  is  necessary 
and  1"  per  ioo'  is  not  excessive.     Where  joints  are  placed  every 

1  Tie  bars  at  internal  cracks  are  effective  in  producing  distribution  across 
such  cracks,  as  no  expansion  or  contraction  need  be  provided  at  these  points 
where  the  road  is  constructed  with  transverse  joints  every  33'- 
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_  ,  a  joint  thickness  of  %"  is  a  good  allowance;  this  corresponds 
rith  ordinary  practice.  Such  joints  are  of  the  premolded  type, 
t  is  essential  that  they  be  constructed  in  a  vertical  plane  to 
•revent  rising  of  slabs  along  the  joint  due  to  expansion  pressure, 
t  is  also  essential  that  a  complete  separation  of  slabs  is  obtained; 
hat  is,  the  bitumen  must  extend  from  bottom  to  top  of  the  pave- 
lent  and  from  edge  to  edge. 

It  is  not  difficult  to  keep  these  joints  vertical  on  level  grades, 
rovided  reasonable  care  is  exercised  as  described  in  the  specifica- 
ions.  On  grades  of  4%  or  more,  however,  it  is  advisable  to  back 
hem  up  on  the  downhill  side  with  16-gage  steel  plates  as  shown  in 
"ig.  161. 

Transverse  Contraction  Joints. — While  it  seems  advisable  to  make 
11  transverse  joints  combined  expansion  and  contraction  joints 
paced  about  33',  there  is  considerable  tendency  to  increase  the 
istance  between  expansion  joints  to  100  to  300'  and  to  provide 
itermediate  submerged  contraction  joints  at  intervals  of  30  to  70'. 
uch  joints  are  generally  14-  or  16-gage  steel  plates  cut  one-half 
ich  less  depth  than  the  pavement.  The  concrete  is  screeded  and 
rushed  continuously  over  these  joints  and  contraction  produces  a 
ore  or  less  jagged  crack  over  the  top  of  the  plate  which  tends  to 
mil  more  under  traffic  than  the  rounded-edge  expansion  joint; 
le  argument  for  these  joints  is  based  on  a  smooth-riding  pavement' 
at  there  seems  to  be  no  well-defined  basis  of  fact  in  this  conten- 
on;  these  steel  plates  cost  about  the  same  as  a  %"  premolded  joint. 

Longitudinal  Joints. — There  are  two  general  types:  the  sub- 
erged  steel  plate  where  the  entire  width  of  pavement  is  con- 
ducted at  one  time  (see  Fig.  161,  p.  458),  and  the  plane  of  separation 
int  where  the  pavement  is  constructed  in  successive  strips.  The 
cond  is  the  better  method,  as  a  better  line  and  a  denser  edge  are 
cured.  With  the  submerged  joint  the  concrete  along  the  center 
eel  is  often  porous,  due  to  lack  of  care  in  manipulation;  this 
mdition  cannot  be  observed  and  remedied  as  well  as  where  the 
ivement  is  constructed  in  successive  strips.  In  the  second 
ethod  a  denser  edge  is  insured,  as  when  the  forms  are  stripped  it 
easy  to  detect  and  correct  carelessness  in  spading  along  the  edge. 

is  important  to  get  a  denser  impervious  concrete  along  these 
ints,  as  water  is  bound  to  seep  in  and  the  concrete  is  subjected  to 
5  greatest  strain  at  this  location. 

Design  Details.— Design  details  consider  depth,  width,  crown, 
id  detail  arrangement  of  joints  and  reinforcement. 
Depth— The  design  of  depth  was  discussed  on  pages  302  to  428 
mmarized  in  Table  86  (p.  426). 
Width. — Concrete  pavements  on  rural  roads  range  from  9  to  20' 

wi^th.  Single-track  9'  pavements  are  of  doubtful  value,  for  if  a 
ad  has  enough  traffic  to  warrant  the  concrete  type  of  pavement 
is  certainly  warrants  greater  width.  These  single-track  concrete 
ads  have  not  been  at  all  satisfactory  in  localities  with  which  the 
thor  is  familiar.  Widths  of  18  or  20'  seem  the  most  logical  for 
nditions  which  make  concrete  suitable  on  rural  highways.  Extra 
dth  on  curves  was  discussed  in  Chap.  3  and  the  results  sum- 
inzed  on  page  132.     Current  practice  in  this  matter  is  indicated 
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in  Fig.  21  (p.  129).  The  widths  of  village  streets  are  discussed  on 
page  165.  Alleys  in  business  districts  should  be  at  least  18'  wide; 
in  resident  sections  at  least  16'. 

Crown. — There  are  two  popular  shapes  of  crown  curve,  parabolic 
and  circular.  The  parabolic  is  easier  to  figure,  and  for  narrow 
rural  pavements  of  18'  or  less  in  width  which  can  be  struck  off  by  a 
single  templet  there  is  no  objection  to  this  type  of  curve.  For 
wider  pavements,  particularly  for  street  work,  the  circular  arc  is 
probably  better,  as  a  single  templet  can  be  used  for  the  successive 
strips  without  danger  of  inequalities  in  the  crown.  Street  crowns 
made  up  of  a  curved  central  portion  and  inclined-plane  sides  are 
to  be  avoided,  as,  while  this  is  an  easy  form  to  construct,  it  does  not 
look  well,  as  it  gives  the  appearance  of  a  sag  in  the  crown.  The 
circular-arc  crown  is  probably  better  adapted  to  all  conditions. 

The  difference  in  elevation  between  the  center  line  of  the  pave- 
ment and  the  edge  of  gutter  line  varie's  with  width  and  grade_ 
The  adopted  height  of  crown  depends  on  convenience  for  traffic  and 
appearance.  On  rural  highways,  for  widths  up  to  20',  usual  prac- 
tice ranges  between  y%"  per  foot  of  half  width  to  }£"  per  foot.  A 
total  crown  of  2"  for  16,  18,  or  20'  total  width  of  pavement  serves 
very  well.     This  requires  a  crown  radius  of  from  200  to  250'. 

On  wider  pavements  and  village  streets  the  range  in  standarc 
practice  is  shown  in  Figs.  167.4  to  167.6  (p.  505).  Superelevatioi 
and  shoulder  and  ditch  grading  were  discussed  in  Chap.  3  pag< 
124.     Standard  practice  is  indicated  by  Fig.  309  (p.  956). 

In  alley  work  a  crown  slope  towards  the  center  of  Y±'  per  foo 
is  satisfactory.  Alleys  generally  drain  toward  and  along  the  cente 
line  with  pick-up  catch  basins  at  short  intervals. 

Detail  Arrangement  of  Reinforcement  and  Joints. — See  Figs.  154 1 

164  (pp.  45i  to  460).  ,  ',.... 

Steep  Grades. — See  pages  425  and  101  for  limitations  imposed  b 

steep  grades. 

Specifications. — See  Part  III  (p.  1470  to  1474)- 

Construction  Equipment. — See  (p.  13 12  to  1263). 

Inspection  Details. — See  Chap.  XVI  (p.  1299  to  1264). 

General  Maintenance  Methods. — Detail  maintenance  is  di< 
cussed  in  Chap.  VII,  (pp.  565  to  569).  Concrete-pavement  mair 
tenance  consists  in  the  repair  and  sealing  of  cracks  and  joints,  th 
replacement  of  disintegrated  areas,  and  the  renewal  of  shoulder: 
Cracks  and  joints  are  sealed  with  bitumen  or  a  mixture  of  bitume 
and  sand.  Disintegrated  areas  are  either  temporarily  resurface 
with  cold-patch  bituminous  mixtures  or  dug  out  and  replaced  wit 
concrete,  generally  using  a  quick-setting  cement  (see  Maintenanc 
p.  565)  to  avoid  long  inconveniences  to  traffic.  On  lighter-travele 
roads  shoulders  are  renewed  by  scraping  additional  earth  up  alor 
the  edge  of  the  pavement  with  a  road  scraper;  on  heavily  travele 
roads  shoulders  are  built  up  solid  along  the  edge  by  the  use  c 
gravel-oiled  or  cold-patch  macadam. 

RECENT  CONCRETE  DATA 

At  various  places  in  the  text  reference  is  made  to  the  effect  of  tin 
of  mixing  on  strength;  care  in  curing  on  strength  and  finene 
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nodulus  on  strength.  The  following  data  briefed  from  publica- 
ions  of  the  Portland  Cement  Association  gives  the  most  recent 
lata  (1923)  based  on  experiments  at  Lewis  Institute  under  the 
lirection  of  Prof.  Duff  Abrams. 

Very  often  both  contractor  and  inspector  are  somewhat  skeptical 
is  to  the  necessity  for  the  more  recent  specification  clauses  based  on 
•ational  care  in  aggregate  sizing,  time  of  mixing  and  care  in  curing, 
ven  a  casual  inspection  of  the  experimental  results  here  recorded 
night  to  convince  any  unbiased  inspector  of  the  necessity  of  care 
n  these  particulars. 

Proper  Time  of  Mixing  Increases  Strength. — Effective  mixing 
nvolves  both  time  and  number  of  revolutions.  Many  inspectors 
ind  contractors  believe  that  the  number  of  revolutions  controls 
trength  of  mix  and  that  by  speeding  up  the  mixer  the  time  can  be 
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Time  of  Mixing- Minutes 

IG.   I. — Relation  between  time  of  mixing  and  the  compressive 
strength  of  concrete. 


jduced  without  any  detriment  to  the  mix.  Figures  1  and  2 
aow  that  the  specification  clauses  involving  both  time  and  speed 
re  essential  clauses  and  that  both  must  be  complied  with  for  the 
est  results. 

Proper  Curing  Increases  Strength  of  Concrete. — Careful  dis- 
nction  should  be  made  between  the  requirements  of  concrete  for 
ater  during  the  mixing  operation  and  in  curing.  A  safe  rule  to 
>llow  is  to  use  the  smallest  quantity  of  mixing  water  that  will 
roduce  a  sufficiently  plastic  mixture  for  the  work  in  hand,  and  then 
[]S )  give  the  surface  of  the  concrete  as  much  curing  water  as  possible 
iter  the  concrete  is  placed. 
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Concrete  hardens  because  of  chemical  reactions  between  Portland 
cement  and  water.  Down  to  an  amount  less  than  can  be  used  in 
construction  work,  the  smaller  the  quantity  of  mixing  water  the 
stronger  will  be  the  concrete.  Therefore,  the  quantity  of  mixing 
water  should  be  reduced  as  far  as  possible.  However,  once  the 
concrete  is  placed,  and  it  has  hardened,  conditions  change  and 
ample  curing  water  should  be  provided. 

The  chemical  reactions  of  the  hardening  of  concrete  are  slow,  and 
if  sufficient  moisture  is  not  present  they  cannot  be  completed.  The 
mixing  water  essential  to  proper  hardening  of  freshly  placed  con- 
crete is  often  lost  by  absorption  or  evaporation  even  after  iht 
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Fig.  2. — Relation  between  speed  of  mixer  and  the  compressiv 
strength  of  concrete 


concrete  has  begun  to  harden.  Under  such  conditions,  concret 
attains  only  part  of  its  potential  strength.  Therefore,  the  wate 
content  of  freshly  placed  concrete  should  be  conserved.  Keepin; 
concrete  damp  during  its  early  hardening  period,  or,  in  other  words 
providing  plenty  of  curing  water,  prevents  evaporation  of  neces 
sary  moisture,  and  permits  concrete  to  harden  under  favorabl 
conditions. 

Protect  Concrete  While  Hardening. — Tests  show  that  protectio: 
during  the  early  hardening  period  greatly  increases  the  strength  an< 
resistance  to  wear  of  concrete.  Figure  3  gives  a  summary  of  th 
results  of  these  tests.  All  specimens  were  tested  at  the  same  age— 
4  months.  One  set  was  allowed  to  harden  in  air  for  the  full  4  month 
the  second  set  was  stored  in  damp  sand  for  3  days  and  in  air  for  th 
remaining  117  days;  the  third  set  was  stored  in  damp  sand  21  day 
and  in  air  the  remaining  99  days;  while  the  fourth  set  was  stored  ii 
damp  sand  the  full  120  days  and  was   tested   while  still  damp 
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"hus  the  increased  strength  and  resistance  to  wear  was  caused 
olely  by  the  better  curing  conditions  provided. 

Note  that  keeping  concrete  damp  for  the  first  10  days  increased 
:s  compressive  strength  75%,  for  3  weeks  115%,  and  for  4  months 
45%. 

Note  also  that  keeping  concrete  damp  for  the  first  10  days 
ecreased  the  amount  of  wear  40%,  and  for  3  weeks  55%.  Keep- 
lg  concrete  damp  for  4  months  did  not  cause  a  further  decrease  in 
ear,  but  the  specimens  were  tested  damp.  Had  they  been  allowed 
)  dry  out  for  a  few  days  before  being  tested,  the  amount  of  wear 
ould  probably  have  been  less. 
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Pig.  3. — Keeping  concrete  damp  the  first  ten  days  adds  75% 
its  compressive  strength.  It  reduces  the  amount  of  wear  40% 
vice  versa,  increases  the  resistance  to  wear  65%.  Three 
ek's  protection  adds  still  more  strength  and  hardness. 

Reversing  the  form  of  these  wear  results,  10  days  protection 
:reased  the  resistance  to  wear  of  concrete  65%  and  3  weeks 
Section  120%.  Thus  proper  curing  increases  the  resistance  to 
ar  of  concrete  almost  in  the  same  proportion  as  the  compressive 
ength.  Needless  to  say,  resistance  to  wear  is  an  important 
isideration  in  floors,  pavements  and  platforms. 
-  Dareful  Grading  of  Aggregate  Increases  Strength  of  Concrete.1 
rtland  cement,  which  forms  only  15  to  25%  of  the  volume  of 
lcrete,  is  carefully  tested  to  see  that  it  meets  exacting  specifica- 
ns.  Aggregates,  which  form  75  to  85%  of  the  volume  of 
Quoted  from  Pamphlet  of  Portland  Cement  Association. 
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concrete,  should  also  be  tested.  Aggregates  should  be  clean,  fre< 
from  coatings  or  organic  impurities  and  structurally  sound.  Fur 
thermore,  proper  size  and  grading  of  aggregates,  or  proper  pro 
portioning  of  fine  and  coarse  aggregates,  may  double  the  strengtl 
of  concrete,  as  shown  in  Fig.  4.  Doubling  the  strength  as  th. 
results  of  a  few  hours'  study  and  a  little  closer  supervision  is  surel; 
worth  while. 
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Fig.  4. — Relation 


5.00  6.00 

Fineness  Modulus  of  Aggregate 


7.00 


between  the  grading  af  the  aggregate  and  tr 
strength  of  concrete. 


Grading  of  Aggregates  Varies. — Any  number  of  fine  and  coar 
aggregates  of  widely  different  size  and  gradings  may  meet  the  usu 
specifications  in  those  respects.  If  combined  in  arbitrary  propo 
tions,  such  as  1 :  2 : 4,  some  of  them  will  make  far  better  concrete  th£ 
others.  For  best  results  a  proportion  should  be  determined  for  eac 
case  that  will  fit  the  particular  aggregates  to  be  used.  A  htt 
study  will  quickly  show  which  of  two  or  more  available  aggregat 
is  the  better  graded  and  will  therefore  make  the  best  concret 
Consideration  of  these  factors  may  permit  the  use  of  local  materia, 
with  a  saving  in  freight.  It  may  also  result  in  securing  high-gra( 
concrete  at  lower  cost.  Such  studies  can  readily  be  made  by  ar 
competent  engineer  or  inspector,  and  at  very  small  expense. 

Assuming  a  given  consistency,  which  should  always  be  as  st 
as  the  nature  of  the  work  permits,  and  a  given  mix  (proportion 
cement  to  total  volume  of  mixed  aggregate),  the  strength  of  t 
resulting  concrete  depends  on  the  size  and  grading  of  the  aggregat 
In  general,  the  larger  and  coarser  the  aggregate,  the  stronger  will  1 
the  concrete.  Coarse  sand  will  produce  stronger  concrete  th; 
fine  sand,  while  stone  or  pebbles  in  which  the  larger  sizes  pi 
dominate  will  produce  stronger  concrete  than  smaller  stone 
pebbles.  ..    ■ 

Fineness  Modulus  Shows  Grading.— A  simple  index  number,  call, 
the  "fineness  modulus,"  has  been  developed  to  indicate  the  si 
and  grading  of  aggregates,  and  therefore  their  value  for  use 
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oncrete.  It  can  be  applied  to  either  fine  or  coarse  aggregates,  or 
any  combination  of  them.  It  shows  at  a  glance  which  of  two  or 
lore  aggregates  is  the  better  graded.  From  it  the  proportions  in 
mich  given  fine  and  coarse  aggregates  should  be  combined  are 
asily  computed. 
To  determine  the  fineness  modulus  of  an  aggregate  it  is  only 
ecessary  to  make  a  simple  sieve  analysis.  A  set  of  U.  S.  standard 
quare  mesh  sieves  is  used,  each  sieve  having  a  clear  opening  double 
tie  width  of  the  next  smaller  size.  These  sizes  are  ioo,  50,  30,  16, 
and  4  meshes  per  linear  inch,  and  %-in.,  %-in.  and  1^4 -in! 
or  larger  aggregates  3-in.  and  6-in.  sieves  may  also  be  used.  The 
ercentage  of  the  aggregate,  either  by  weight  or  by  volume,  coarser 
lan  each  sieve  is  measured.  The  sum  of  these  percentages,  divided 
y  ioo,is  called  the  fineness  modulus.  A  close  approximation  can 
i  obtained  by  using  only  alternate  sieve  sizes,  50,  16,  4  and  %,  and 
.timating  the  percentages  for  the  others.  These  four  sieves  make 
convenient  set  for  field  use. 

Table  2,  on  p.  479,  gives  the  sieve  analyses  and  fineness  moduli  of 
:n  aggregates.     The  first  is  sand,  the  second,  pebbles.     The  other 

Table  2. — Sieve  Analysis  and  Fineness  Modulus 
of  Aggregate 


*ef. 
Mo. 


Sieve  analysis.     Per  cent  coarser  than 
each  sieve 


SO 


99 

99 
99 
100 
100 
100 
100 
100 

IOO 


93    63 

Pebbles 


30 


16 


l4    iH 


Fineness 
modulus 


Comp. 

strength 

of  a  1:4 

mix.  lb. 

per  sq.  in. 


93 
95 
95 
97 
98 
98 
99 
IOO 


68 
79 
84 
86 
90 
9i 
94 
98 


40 

55 
70 
77 
79 
85 
89 
93 
96 


39 
59 
70 
73 
79 
85 
90 
94 


o 

IOO 

23 

49 
62 
68 

74 
81 

87 
93 


Sand 
75 
17 
37 
46 
51 
56 
61 
65 
70 


25 
6 
12 
16 
21 
18 
20 
22 
24 


3-15 
7  .00 
4.00 
500 
5-50 
5-75 
6.00 
6.25 
6.50 
6.75 


1630 
2910 
3370 
3540 
3390 
3150 
2790 
2540 


jht  aggregates  were  formed  by  combining  these  materials  in 
nous  proportions.  As  the  percentage  of  pebbles  increases,  the 
gregate  becomes  coarser  and  the  fineness  modulus  grows  larger, 
us  reflecting  the  size  and  grading  of  the  aggregate. 
Good  Grading  Doubles  the  Strength.— The  last  column  shows  the 
mpressive  strength  of  concrete  made  from  those  eight 
gregates  in  the  proportions  of  one  volume  of  cement  to  four 
lumes  of  total  aggregate.  These  strengths  are  plotted  in  Fig.  4. 
)te  that  up  to  a  certain  point,  the  concrete  increases  in  strength 
the  aggregate  gets  coarser.  Beyond  that  point  the  aggregate 
too  coarse  for  the  amount  of  cement  used  and  the  concrete 
creases  in  strength.  Note  also  that  proper  grading  of  aggregate 
ty  double  the  strength  of  the  concrete.  For  other  mixes  the 
ne  principle  holds  true,  although  the  greatest  strength  would  be 
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obtained  with  a  different  grading.  The  richer  the  mix,  the 
coarser  the  aggregate  and  the  larger  the  fineness  modulus  that  will 
give  the  strongest  concrete. 

Aggregate  No.  3,  with  a  fineness  modulus  of  4.00,  corresponds  to 
a  bank  run  gravel;  it  contains  entirely  too  much  fine  material  for 
best  results.  Aggregate  No.  10,  with  a  fineness  modulus  of  6.75, 
corresponds  in  grading  to  a  crusher  run  stone;  it  contains  too 
much  coarse  material.  This  shows  the  folly  of  using  either  bank 
run  gravel  or  crusher  run  stone.  Such  material  should 
always  be  screened  and  recombined  in  proper  proportions. 

Fineness  Modulus  is  Simple. — The  fineness  modulus  of  any  mix- 
of  two  or  more  aggregates,  such  as  fine  and  coarse,  is  merely 
the  weighted  average  of  the  fineness  moduli  of  the  separate 
materials.  For  example,  if  32%  of  sand  No.  1  (F.  M.  =  3-15)  is 
mixed  'with  68%  of  pebbles  No.  2  (F.  M.  =  7.00),  the  fineness 
modulus  of  the  mixture  is: 


F.  M.  = 


32  X  3,  IS  +  68  X  7-oo  _ 


100 


=  5-77 


This  agrees  closely  with  the  value  given  in  the  table  (5.7s)  ion 
aggregates  No.  6,  which  was  found  by  a  sieve  analysis. 

Sieve  analyses,  which  are  easily  made,  will  give  the  fineness  modul 
of  any  fine  and  coarse  aggregates,  while  a  simple  calculation  wil 
show  the  fineness  modulus  of  any  mixture  of  them. 

If  the  proper  fineness  modulus  for  the  work  in  hand  is  known  (pagi 
482),  the  proportions  in  which  given  fine  and  coarse  aggregate 

Table    3. — Strength     of     Concrete     from    Aggregates    o: 

Uniform  Fineness  Modulus 
Mix  1:4  by  volume.     Relative  consistency  1.10.     Age  at  test  2 
days.     Specimens   (6  by  12"  cylinders)   were  stored  in 
damp  sand  and  tested  damp 


Ref. 
No. 


Sieve  analysis.     Per  cent  coarser  than 
each  sieve 


50      30 


16 


ih 


Fineness 
modulus 


Comp. 

strength 
lb.  per 
sq.  in. 


11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 


95 

98 

98 

96 

90 

IOO 

100 

IOO 

99 

99 


95 
94 
90 
85 
93 
IOO 
99 
98 
98 


82 

75 

00 

83 

90 

86 

80 

80 

81 

78 

82 

73 

IOO 

92 

96 

91 

90 

85 

91 

85 

67 
83 
83 
80 

75 
73 
81 
80 
80 
80 


67 
83 
80 
80 
73 
73 
60 
50 
76 
76 


67 
50 
55 
60 
66 
63 
45 
50 
38 
67 


62 
22 
18 
38 
56 
47 
26 
38 
38 
8 


6  .04 
6  .04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 


Average 

Maximum  value 

Minimum  value 

Mean  variation  from  average 


2780 
2530 
2590 
2570 
2580 
2880 
2930 
3040 
3030 
2690 


2760 
3040 
2530 
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must  be  combined  to  secure  that  fineness  modulus  can  readily  be 
computed. 

Sieve  analyses  of  aggregates  may  vary  over  a  wide  range,  but  as 
long  as  the  sum  of  the  percentages  coarser  than  each  sieve  (fine- 
ness modulus)  is  the  same,  the  aggregates  may  be  expected  to  give 
uniform  results  in  concrete.  This  relation  is  shown  in  Table  3, 
which  gives  the  sieve  analyses,  fineness  moduli  and  concrete 
strengths  of  10  aggregates  made  up  by  artificial  grading  of  the  same 
sand  and  pebbles.  Although  the  sieve  analyses  vary,  the  total,  or 
fineness  modulus,  is  the  same  in  all  cases.  Note  that  all  10  aggre- 
gates made  concrete  of  substantially  the  same  strength,  the  mean 
variation  from  the  average  being  only  6.2%. 

Thus  the  fineness  modulus,  which  is  an  index  of  the  size  and 
grading,  indicates  the  value  of  an  aggregate  for  use  in  concrete. 
The  reason  is  that,  eliminating  variations  in  the  absorption  of  the 
aggregates,  the  fineness  modulus  reflects  the  quantity  of  mixing 
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Fig.  5.- 


-Relation  between  maximum  size  of  aggregate,   fineness 
modulus  and  strength  of  concrete. 


water  necessary  to  obtain  a  given  consistency.  In  general,  consist- 
ency and  mix  being  the  same,  the  fineness  modulus  indicates  the 
strength  that  can  be  expected  in  the  concrete.  Other  conditions 
being  the  same,  aggregates  having  the  same  fineness  modulus  will 
produce  concrete  of  substantially  the  same  strength. 

Proportions  Depend  on  Aggregates. — Applying  this  principle  to 
actual  construction,  it  means  that  if  several  fine  and  coarse  aggre- 
gates are  available,  concrete  of  substantially  the  same  strength 
can  be  made  from  any  combination  of  fine  and  coarse  material, 
provided  that  the  materials  are  proportioned  to  have  the  same  fine- 
ness modulus.  For  one  set  of  material  the  proper  proportions  may 
ae  1 :  2.3 :  2.7,  for  another  1 : 1.6 : 3.4  and  so  on.  To  apply  an  arbitrary 
mixture,  such  as  1 :  2 : 3  to  all  aggregates,  regardless  of  their  grading, 
will  not  give  uniform  or  satisfactory  results.  The  mixture  should 
De  determined  after  a  study  of  the  particular  aggregates  to  be  used. 
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If  the  grading  of  the  aggregate  changes  during  the  progress  of  the 
work  it  is  an  easy  matter  to  change  the  mixture  accordingly. 

It  is  obvious  that  aggregates  having  a  larger  maximum  size  will 
have  a  larger  fineness  modulus.  This  is  shown  in  Fig.  5.  Note  that 
as  the  maximum  size  increases,  the  fineness  modulus  increases,  and 
also  that  the  strength  of  concrete  increases. 

As  stated  before,  larger  fineness  moduli  can  be  used  with  rich 
mixes  than  with  lean  ones.  Therefore,  the  best  value  of  fineness 
modulus  will  depend  on  both  the  mix  and  the  maximum  size  of 
the  aggregate.  Table  4,  below,  indicates  the  best  value  of  the  fine- 
ness modulus  for  the  usual  mixes  and  sizes  of  aggregates.  The 
closer  the  aggregate  comes  to  meeting  these  values  the  stronger 
will  be  the  concrete. 

These  values  for  fineness  modulus  are  based  on  sand  and  pebble 
aggregate  for  ordinary  reinforced  concrete.  If  crushed  stone,  slag 
or  flat  pebbles  are  used  as  coarse  aggregate,  or  stone  screenings  as 
fine  aggregate,  reduce  the  values  by  0.25.  For  mass  work  the 
values  can  be  increased  by  0.10  for  %"  aggregates,  0.20  for  iH" 
aggregate,  and  0.30  for  3"  aggregate.  Fine  aggregate  used  in 
concrete  should  not  have  a  higher  fineness  modulus  than  that  given  for 
mortars  of  the  same  mix. 


Table  4. — Best  Values  for  Fineness  Modulus 


Mix 
cement — 

'  Mortar 

Size  0 

f  aggregates 

aggregate 

0-4 

o-y8 

In 

In 

0-1 
In.i 

0-1M 
In. 

0-2 

In. 

0-3 

In. 

1:7 

3.20 

3-95 

4-75 

5.15 

5-55 

5-95 

6.40 

1:6 

3-30 

405 

4-85 

5-25 

5.65 

6.05 

6.50 

i:5 

3-45 

4.20 

5-00 

5-40 

5.80 

6.20 

6.60 

1:4 

3- 60 

4.40 

5-20 

5.60 

6.00 

6.40 

6.85 

1:3 

3-90 

4.70 

5-50 

5-90 

6.30 

6.70 

7.15 

1 :  2 

4.20 

5-05 

5-90 

6.30 

6.70 

7 .  10 

7-55 

1 : 1 

4-75 

5.6o 

6.50 

6.90 

7-35 

7-75 

8.20 

1  Considered  as  "half  size"  sieves;  not  used  in  computing  fineness  modul 

Shrinkage  of  Aggregates  after  Mixing. — Table  4  gives  the  true 
mix,  viz.,  the  proportion  between  the  volume  of  cement  (expressed 
as  unity)  and  the  volume  of  total  aggregate  after  the  fine  and 
coarse  have  been  combined.  In  the  nominal  mix,  which  is  the  one 
ordinarily  used,  the  volumes  of  fine  and  coarse  aggregates  are  given 
separately,  i.e.,  1 :  2 : 4  or  1 :  % :  3.  The  nominal  mix  can  readily  be 
converted  into  the  true  mix.  Vice  versa,  if  the  ratio  between  fine 
and  coarse  aggregate  is  known,  the  true  mix  can  be  quickly  con- 
verted into  the  nominal  mix.  For  the  usual  ratios  of  fine  and 
coarse  aggregate  (fine  aggregate  being  20  to  70%  of  the  total) 
the  volume  of  total  aggregate  after  mixing  will  be  about  seven- 
eighths  of  the  sum  of  the  volumes  of  fine  and  coarse  aggregate 
measured  separately.  For  example,  aggregate  No.  6  in  Table 
2  contained  32%  sand.     Four  cubic  feet  of  the  total  aggregate 
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would  require  4.57  cu.  ft.  (4.00  X  %)  of  fine  and  coarse  aggregate 
measured  separately.  Of  that  4.57  cu.  ft.,  32%  or  1.46  cu.  ft. 
would  be  sand  and  68%  or  3. n  cu.  ft.  would  be  pebbles.  A  1  -.4 
true  mix  would  be  obtained  by  using  1:1.46:3.11  nominal  mix. 
because  of  this  shrinkage  when  fine  and  coarse  aggregate  are 
combined  a  1:2:4  nominal  mix  does  not  correspond  to  a  1 :  6  true 
mix  as  sometimes  assumed,  but  to  about  1  .'5.2  true  mix. 

More  accurate  values  for  the  shrinkage  of  mixed  materials  can 
be  obtained  by  measuring  the  volume  of  mixed  aggregate  obtained 
by  mixing  fine  and  coarse  aggregates  in  the  proper  proportions,  or 
by  calculation  from  the  weights  of  unit  volumes  of  fine,  coarse 
and  mixed  aggregates.  For  most  cases,  however,  the  average 
shrinkage  of  one-eighth  is  sufficiently  reliable. 

Example  1. — Four  fine  aggregates  and  three  coarse  aggregates 
are  available  for  a  certain  job.  Which  should  be  used?  Their 
sieve  analyses  give  the  following  data: 


Aggregate 


Per  cent  coarser  than  each 
sieve 


100     50    30     16    8 


i  iH 


Fine- 
ness 
modu- 
lus 


Range 

in  size, 

in. 


Sand No.  1 

Sand No.  2 

Sand No.  3 

Screenings  .  No.  4 

Stone No.  5 

Pebbles No.  6 

Pebbles. . .  .No.  7 


100 
100 
95 
85 
100 
100 
100 


90 

85 

75 

80 

100 

100 

100 


70 

65 

60 

75 

100 

100 

100 


55 

40 

30 

35 

100 

100 

100 


35 

20 

o 

25 

100 

100 

100 


20 
o 

0 

o 

100 
100 
100 


o 

0 
0 

o 
100 

70 

45 


3-70 
3  10 
2.60 
3-oo 
7.40 
7.00 
6.60 


o-tt 

0-4 

0-8 

0-4 

H-iH 

4-iM 
4-1 


Because  of  better  size  and  grading  (larger  fineness  moduli)  sand 
No.  1  and  stone  No.  5  are  the  best  materials.  Sand  No.  2  and 
pebbles  No.  6  are  good  materials,  but  sand  No.  3  is  quite  fine  and 
pebbles  No.  7  are  rather  small.  Screenings  No.  4  are  well  graded, 
but  an  equally  well  graded  sand  would  be  preferable,  because 
rounded  particles  find  their  way  into  place  with  less  mixing  water. 
That  is  the  reason  why  a  higher  fineness  modulus  is  permissible 
when  sand  is  used  than  when  screenings  are  used  (see  text  preceding 
Table  4).  Therefore  the  other  materials  would  be  better.  Any  of 
these  materials  will  make  good  concrete,  however,  provided  the 
fine  and  coarse  materials  are  proportioned  to  secure  a  combined 
fineness  modulus  suitable  to  the  mix  and  maximum  size  of  the 
iggregate. 

Example  2. — A  1:4  true  mix  and  a  i}4"  maximum  size  of  aggre- 
gate have  been  adopted.  Sand  No.  2  and  pebbles  No.  6  have  been 
selected  because  their  cost  is  less  than  that  of  the  other  materials. 
In  what  proportions  should  they  be  combined  to  get  the  best 
esults?     Or,  in  other  words,  what  nominal  mix  should  be  used? 

The  proper  value  of  the  fineness  modulus  for  these  conditions  is 
5.oo  (see  Table  4).  Then  sand  No.  2  and  pebbles  No.  6  must  be 
:ombined  in  such  proportions  as  to  secure  a  fineness  modulus  of 
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6.00  for  the  total  aggregate.    Let  P  equal  the  percentage  of  sand 
and  100  —  P  the  percentage  of  pebbles. 

P  X  3.10  +  (1.00  —  P)  X  7.00  =  6.00 

3.10P  +  7.00  —  7.00P  =  6.00 

3.9P  =  1. 00 

P  =  0.26  or  26% 

Thus  of  the  total  volume  of  aggregate,  26%  should  be  sand  and 
74%  pebbles.  The  true  mix  being  1 : 4  the  sum  of  the  volumes  of 
sand  and  pebbles  for  a  one  bag  batch  measured  separately  will  be 
4.57  cu.  ft.  (4  X  M)-  Ctf  this,  26%  or  1.19  cu.  ft.  will  be  sand  and 
74%  or  3.38  cu.  ft.  will  be  pebbles.  The  nominal  mix  will  then  be 
1:1.2:3.4. 

Example  3. — During  the  progress  of  the  work  it  becomes  neces- 
sary to  substitute  screenings  No.  4  and  stone  No.  5.  What  change 
should  be  made  in  the  nominal  mix? 

When  screenings  are  used  as  fine  aggregates  or  when  crushed 
stone  is  used  as  coarse,  the  values  for  the  total  fineness  modulus 
given  in  Table  4  should  be  reduced  by  0.25.  In  this  case  screenings 
and  crushed  stone  are  both  being  used  and  the  value  of  6.00  for 
the  fineness  modulus  used  in  Example  2  should  therefore  be  reduced 
by  0.50,  or  to  5.50.     Using  the  same  notation  as  before: 

P  X  3-°o  +  (1.00  -  P)  X  7-4o  =  5-5o 
3.0P  +  7.4  -  7.4P  =  5-5o 
4.4P  =  1.9 
P  =  0.43  =  43% 

Dividing  the  total  volume  of  aggregate  before  mixing  (4.57 
cu.  ft.),  43%  fine  and  57%  coarse,  the  new  proportions  are  found  to 
be  1:  2.0: 2.6. 

Author's  Note. — The  student  should  bear  in  mind  that  while  the 
fineness  modulus  method  is  a  valuable  laboratory  method  for 
preliminary  investigations  it  is  not  as  practicable  a  method  for 
specifying  construction  practice  as  the  nominal  mix  regulated  by 
maximum  and  minimum  sizes  and  proportions  of  the  sand  and 
coarse  aggregates. 

The  usual  specification  is  based  on  proportions  of  mortar  and 
coarse  aggregate  which  give  good  practical  results  and  the  strength 
of  these  mixes  as  affected  by  fineness  modulus  is  controlled  by 
stipulating  maximum  and  minimum  percentages  passing  certain 
screens.  See  specifications  page  1386  for  sands;  page  1384  for  coarse 
aggregates. 

INCREASED  STRENGTH  FROM  RICHER  MIXES 

Tests  clearly  bring  out  the  increase  in  strength  resulting  from 
the  use  of  richer  mixes.  Typical  results  are  given  in  the  following 
table.  The  same  aggregate,  with  a  fineness  modulus  of  5.75  and 
graded  up  to  i}4"  in  size,  was  used  in  all  tests.  The  cement  was  a 
mixture  of  equal  parts  of  four  brands  purchased  on  the  Chicago 
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market.  The  relative  consistency  of  all  specimens  was  the  same, 
1. 10,  with  a  slump  of  3  to  4".  This  consistency  is  suitable 
for  most  construction  work.  All  tests  were  made  at  the  age  of  28 
days.  Thus  the  increase  in  strength  was  due  solely  to  increases  in 
the  quantity  of  cement. 

Ordinary  concrete  mixes  (1:3^  :  7  to  1  :  1^ :  2)  contain  from  3  to 
8  sacks  of  cement  per  cubic  yard  of  concrete.  Note  that  within 
this  range  the  strength  of  concrete  increases  in  direct  proportion  to 
the  quantity  of  cement.  Each  additional  sack  of  cement  per  cubic 
yard  adds  about  500  pounds  per  square  inch  to  the  strength  of 
concrete. 


Effect  of  Quantity  of  Cement  on  the  Strength  of  Concrete 


True  mix1 

Approximate 
nominal  mix1 

Sacks  of  cement 

per  cubic  yard 

of  concrete 

Compressive 

strength,  lbs.  per 

square  inch 

Neat 

1 : 1 
1 :2 
1:3 
1:4 
i:5 
1:7 
1:9 
1:15 



29. 72 
23.0 
15.7 
10. s 
7-9 
6.3 

5-2 

39 
3-1 
1.8 

6630 
5720 
5070 
4070 
3570 
2760 
2090 
1400 
1030 
440 

1:    Vs:      K 
1:    H:    iX 
r:iH:   2 
i:iH:   3 

1:2      :    3M 
1:3      :    5 

i:3M:    7 
1:6      :  12 

1  The  true  mix  is  the  ratio  between  the  volume  of  cement,  expressed  as 
unity,  and  the  volume  of  total  aggregate  after  the  fine  and  coarse  have  been 
combined.  In  the  nominal  mix,  which  is  the  one  ordinarily  used,  the  volumes 
of  fine  and  coarse  aggregate  are  expressed  separately.  The  nominal  mix  can 
readily  be  converted  into  the  true  mix  because  for  the  usual  proportions  of 
fine  and  coarse  aggregate  (fine  aggregate  20  to  70  %  of  the  total)  the  volume 
of  combined  aggregate  after  mixing  is  about  seven-eighths  of  the  sum  of  the 
volumes  of  fine  and  coarse  aggregate  measured  separately.  Because  of  this 
shrinkage  a  1:3:5  nominal  mix  does  not  give  a  1:8  true  mix  as  sometimes 
assumed,  but  about  a  1:7  true  mix. 

2  The  volume  of  concrete  obtained  from  neat  cement  depends  on  the  quan- 
tity of  mixing  water  used.  _  For  water-cement  ratios  between  0.3  and  0.6. 
the  volume  of  concrete  obtained  from  one  sack  (one  cubic  foot)  of  dry  cement 
equals  0.5  of  a  cubic  foot  plus  the  amount  of  water  used.  In  the  example 
given  here  the  water-cement  ratio  was  0.4  and  the  shrinkage  was  therefore 
about  10  %. 


QUICK-HARDENING  CONCRETE1 

"Concrete  work  is  usually  allowed  to  stand  many  days  before  it  is  used. 
Quite  often,  however,  time  is  the  important  consideration  with  new  or  repair 
work.  The  owner  wanting  early  use  of  his  improvement  is  not  willing  to 
wait  the  usual  length  of  time  and  it  is  not  necessary  for  him  to  do  so.  He  can, 
with  Universal  Portland  cement,  secure  in  3  days,  concrete  as  strong  as 
that  ordinarily  obtained  in  28  days. 

"High-early-strength  concrete  is  particularly  desirable  on  many  jobs,  such 
as  special  foundations  and  repair  work  that  must  be  placed  in  use  within  a 
few  days,  sidewalks  and  street  work  where  traffic  demands  that  the  improve- 
ment be  placed  in  service  at  the  earliest  possible  time,  and  frequently  in 

1  Quoted  from  a  pamphlet  of  the  Universal  Cement  Co. 


486 


MACADAM  AND  RIGID  PAVEMENTS 


winter  where  it  is  desirable  to  get  sufficient  strength  quickly  to  resist  damage 
by  freezing. 

"Simple  Methods  Accomplish  the  Result. — To  obtain  this  high-strength 
concrete  in  a  few  days,  all  that  is  necessary  is  to  proportion,  mix,  place,  and 
protect  the  concrete  in  the  manner  that  actual  construction  experience  and 
thousands  of  laboratory  tests  extending  over  a  period  of  more  than  5  years 
have  demonstrated  give  the  desired  results.  For  example,  a  concrete  pave- 
ment was  built  with  Universal  cement  at  the  Chicago  (Buffington,  Ind.) 
plant  of  the  Universal  Portland  Cement  Co.  which  was  opened  to  traffic 
when  only  2  days  old.  This  pavement  has  been  carrying  the  heaviest  loaded 
cement  trucks  for  months  without  any  damage  to  the  concrete.1 

"Simply  decreasing  the  amount  of  water  used  in  mixing  greatly  increases 
the  3-day  strength  of  the  concrete.  Other  factor^  also  contribute  toward 
giving  a  3-day  strength  that  exceeds  the  ordinary  28-day  strength.  The 
simple  factors  to  obtain  this  quick-hardening,  strong  concrete  are: 

"1.    Decreasing  the  amount  of  mixing  water. 

"2.   Increasing  the  mixing  time  up  to  5  min. 

"3.   Increasing  the  amount  of  cement. 

"4.   Placing  the  concrete  at  a  temperature  of  at  least  70°F. 

"5.   Keeping  concrete  at  a  temperature  of  70°F.  for  3  days. 

"6.   Keeping  concrete  damp  for  3  days. 

"7.   Using  calcium  chloride  where  tests  show  it  increases  the  strength. 

"A  good  concrete  such  as  is  commonly  used  in  building  construction  work 
is  proportioned  1  sack  of  cement  to  2^2'  cu.  ft.  of  good  sand  and  4  cu.  ft. 
of  crushed  stone  or  gravel,  graded  in  size  from  ^  up  to  ij£"  material. 
If  to  the  dry  materials  7.7  gal.  of  water  are  added  and  the  mixing  time  is  1 
min.,  a  concrete  will  be  produced  with  the  strength  at  different  ages,  shown 
in  line  A  of  the  following  table: 


Mix 

Gallons 

water  per 

sack  cement 

Min- 
utes 
mix- 
ing 

time 

Compressive  strengths, 
pounds  per  square  inch 

1  day 

3  days 

7  days 

28  days 

A 
B 
C 
D 
E 
F 
G 

H 

* 

1:2^:4 
1:23^:4 

1:2^:4 

1:1^:2^ 

i:iK:2M 

i:iV2-.2y2 
i:ik:2M 

7-7 

7-7 

6.1 

5-5 

4-4 

4.4 

5.5  (2%  CaCls) 

3.4  (2  %  CaCl2) 

4.6 

I 

s 

1 
1 
1 
5 
1 
5 
5 

240 

340 

520 

560 

880 

1150 

IIIO 

IQIO 

I58oa 

750 
910 
1350 
1580 
2410 
2860 
2090 
338o 

1320 

1550 
2090 
2530 
3630 
4020 
3000 
4200 

2600 
3030 
3700 
4230 
5250 
5  740 
4470 
5260 

a  Concrete  used  at  Chicago  plant  of  Universal  Portland  Cement  Co. 

"Quadrupling  the  3 -day  Strength. — Note  that  concrete  A  has  240-lb. 
compressive  strength  per  square  inch  at  1  day,  750  lb.  at  3  days,  1320  lb. 
at  7  days,  and  2600  lb.  at  28  days.  But  quick-hardening  concrete  with 
higher  strength  than  concrete  A  in  3  days  is  wanted.  Concrete  B  in  the 
table  is  the  same  in  every  respect  as  concrete  A,  except  that  the  mixing  time 
was  5  min.  instead  of  1  min.  This  one  change  produced  an  increase  in  i-day 
strength  of  100  lb.,  or  42  %.  By  reducing  the  volume  of  the  mixing  water 
from  7.7  to  6.1  gal.  per  sack  of  cement,  concrete  C  is  obtained  with  i-min. 
mixing,  and  with  5-min.  mixing  the  concrete  would  be  still betterandstronger. 
The  effect  of  increasing  the  amount  of  cement  is  shown  by  concrete  D  in  the 
table.  This  is  a  1:  i>o:  2>2  mix  instead  of  a  1:  2}^:  4  mix  as  in  concrete  A, 
The  workability  or  consistency  of  concrete  D  is  exactly  the  same  as  is  A,  the 
mixing  time  is  the  same,  but  D  has  an  increased  amount  of  cement — about 
2.1  bbl.  per  cubic  yard  as  compared  with  about  1.4  bbl.  for  A.  There  is, 
however,  a  great  increase  in  the  strength  at  all  periods.  Decrease  the  volume 
of  mixing  water,  making  a  somewhat  drier  mixture,  and  concrete  E  is  the 
result.      Mixtures  rich  in  cement  and  with  the  minimum  amount  of  mixing 

1  See  table  on  p.  486  for  strength  of  this  concrete. 
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water  require  a  maximum  amount  of  mixing.  Increase  the  mixing  time 
for  concrete  E  to  5  instead  of  1  min.,  and  strengths  as  in  concrete  F  are 
obtained. 

"  Compare  strengths  at  different  periods  of  concretes  F  and  A.  Note  that 
by  simply  increasing  mixing  time,  decreasing  volume  of  mixing  water,  and 
increasing  quantity  of  cement,  concrete  F  is  obtained  with  a  strength  at 
3  days  that  is  higher  than  concrete  A  at  28  days. 

"Use  of  Calcium  Chloride.-^-Still  higher-strength  concrete  at  1  and  3  days, 
such  as  concrete  G,  can  be  made  by  adding  2  lb.  of  calcium  chloride  per 
sack  of  cement.  By  further  reducing  the  volume  of  mixing  water,  increasing 
the  mixing  time,  and  adding  calcium  chloride,  concrete  H  with  the  strengths 
shown  is  obtained. 

"With  some  cements  little  or  nothing  is  gained  in  the  way  of  increased 
1-  and  3-day  strength  by  adding  calcium  chloride,  while  with  some  there 
is  a  marked  increase  in  strength,  as  shown  in  the  table.  Tests  should  be 
made  with  particular  materials  to  determine  the  effect  of  using  calcium 
chloride  in  the  mix.  If  the  tests  show  that  calcium  chloride  produces  the 
desired  increase  in  strength  in  I  to  3  days,  use  it;  if  not,  do  not  use  it. 

"The  best  way  to  use  calcium  chloride  in  the  field  is  to  add  100  lb.  of 
commercial  calcium  chloride  to  50  gal.  of  water  in  a  barrel,  stir  until  the 
calcium  chloride  is  thoroughly  dissolved  and  a  standard  solution  with 
2  lb.  of  calcium  chloride  to  a  gallon  of  water  is  obtained.  Replace  1  gal.  of 
mixing  water  per  sack  of  cement  in  a  batch  of  concrete  with  this  standard 
solution  and  the  right  amount  of  calcium  chloride  is  used. 

"The  results  shown  in  the  table  are  for  concretes  placed  and  maintained 
at  a  temperature  of  at  least  70°F.  for  the  time  indicated.  Increasing  the 
temperature  of  the  mix  and  the  temperature  during  the  curing  of  the  con- 
crete, and  at  the  same  time  keeping  the  concrete  damp,  will  give  still  greater 
strengths  than  are  shown  in  the  table.  The  use  of  steam  at  a  few  pounds' 
boiler  pressure  for  curing  will  also  greatly  accelerate  the  rate  of  hardening  of 
concrete  and  increase  the  1-  and  3-day  strengths.  Steam  is  available  and 
may  be  used  to  advantage  in  many  places  and  on  many  jobs. 

"Advantage  in  Cold  Weather. — High-early-strength  concrete  is  partic- 
ularly desirable  during  the  fall  and  winter  months,  as  such  concrete  has 
sufficient  strength  to  resist  being  damaged  by  freezing  much  earlier  than 
concrete  proportioned,  mixed,  placed,  and  handled  in  the  ordinary  manner. 
This  high-early-strength  concrete  also  requires  protection  from  freezing  for 
a  shorter  period,  which  is  desirable  from  the  cost  standpoint. 

"Strong  Concrete  in  3  Days. — This  quick-hardening  concrete  giving  high 
strength  in  3  days  is  easily  obtained  with  Universal  cement  by  applying 
the  simple  methods  that  have  been  demonstrated  in  thousands  of  laboratory 
tests  made  over  a  period  of  more  than  5  years  and  used  in  actual  construction 
practice.  If  quick-hardening  concrete  with  high  1-  and  3-day  strengths  is 
wanted,  take  advantage  of  all  of  the  factors  that  contribute  to  making  such 
concrete.      These  factors  are: 

"1.   Dry  mixtures.     Use  the  minimum  amount  of  mixing  water. 

"2.  Thorough  mixing.  Never  less  than  1  min.  and  still  better  by  addi- 
tional time  up  to  5  min. 

"3.  Rich  mixtures,  which  means  an  increased  amount  of  cement.  (Con- 
crete A  in  the  table  on  page  486  has  1.4  bbl.,  while  the  much  stronger  con- 
crete F  has  2.1  bbl.  cement  per  cubic  yard.) 

"4.  Placing  concrete  at  a  temperature  of  at  least  70°F. 

"S-  Maintaining  concrete  at  temperature  of  not  less  than  700  for  the  days 
indicated. 

"6.   Curing.     Keeping  concrete  damp  for  the  days  indicated. 

"  7.  Use  of  calcium  chloride  where  tests  show  it  gives  an  increased  strength." 

ELEMENTS  AFFECTING  CONCRETE  CONSTRUCTION 
Chart  Presentation  of  Various  Factors  Given  California  Highways 

BY  C.  S.  POPE 

Construction  Engineer,   California  Highway  Department 

The  following  charts  have  been  prepared  for  use  of  resident  engineers  and 
others  with  a  view  to  predicting  results  which  may  be  expected  on  different 
phases  of  concrete  construction. 
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The  data  have  been  assembled  from  various  sources  which  seem  dependable 
but  principal  reliance  has  been  placed  on  material  available  at  this  time  from 
our  own  laboratory. 

In  common  with  all  such  generalizations,  individual  cases,  due  to  the  very 
numerous  causes  which  may  affect  the  results  of  tests  of  concrete  materials 
may  be  expected  from  time  to  time  to  show  results  at  considerable  variance 
wit  the  findings  of  these  charts. 

Application  of  common  sense  and  discrimination  in  their  interpretation, 
however,  will  enable  engineers  to  recognize  the  influence  of  these  various 
factors  and  will  make  the  charts  of  great  value  to  those  who  have  occasion  to 
use  them,  and  who  properly  interpret  the  data  furnished  by  them. 

Chart  A. — This  chart  gives  compressive  strengths  of  sand  and  mortars  of 
various  proportions.  The  strengths  are  given  in  percentages  of  comprehen- 
sive strength  of  neat  cement.  A  cement  having  a  compressive  strength,  neat, 
of  12,000  lb.  per  square  inch  at  28  days  is  assumed  as  100  per  cent  and  all 
values  given  are  prorated  on  the  basis  of  the  use  of  this  cement  in  the  varying 
proportions  required. 

The  strength  ratio  shown  assumes  a  sand  which  is  structurally  sound.  A 
sand  which  is  structurally  weak  will  show  higher  strength  ratios  with  a 
cement  having  a  low  neat  strength  than  with  a  cement  having  a  high  neat 

Compressive  Strengths  of  Sand  Mortars  at  28  Days  tor  Various  Proportions  by  Volume 
Good  qua li+y  Coarse  Sand  Water  TogiveOnelndr  Slump 
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Chart  A. 


strength.  The  stronger  cement  brings  out  the  weakness  of  the  sand  and  the 
strength  ratio  for  such  a  material  would  not  be  a  straight  line  in  the  graph 
shown.  .         , 

Sixty  per  cent  is  probably  a  conservative  figure  to  use  in  estimating  the 
probable  strength  of  field  concrete  based  on  mortar  strengths,  the  ratio  of 
sand  to  cement  in  both  concrete  and  mortar  being  the  same. 

Chart  B. — This  chart  shows  compressive  strength  of  concrete  with  varying 
cement  content.  The  compressive  strength  is  shown  in  pounds  per  square 
inch  based  on  first-class  aggregate,  and  cement  testing  neat  at  12,000  lb.  per 
square  inch  at  28  days.  The  concrete  is  asssumed  to  have  a  ^-to-i-m.  slump 
the  water  varying  slightly  as  required  by  its  aggregate. 

Chart  C. — This  chart  shows  the  effect  of  voids  in  coarse  aggregate  on 
compressive  strength.  The  graph  is  particularly  valuable  and  is  shown  both 
in  percentages  and  in  pounds  per  square  inch.  The  effect  of  excess  voids  in 
the  coarse  aggregate  is,  of  course,  to  require  the  addition  of  more  sand  to 
maintain  workability  with  a  corresponding  decrease  in  compressive  strength 
of  the  concrete. 
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Water  cement  ratio  is  ratio  of  volume  of  water  to  volume  of 
cement. 

Effect  of  Water  on  Compressive  Strength  of  Six  Sack  Concrete 
Aggregates  at  Standard  Grading  Twenty  Eight  Days 
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Chart  D. — This  table  shows  effect  of  water  on  compressive  strength  and  is 
founded  on  tests  in  our  own  laboratory,  on  tests  in  Bulletin  No.  58  of  the 
Bureau  of  Standards,  and  on  tests  by  Professor  Abrams. 

Chart  E. — This  chart  shows  increase  in  compressive  strength  with 
increased  time  of  curing.  The  values  shown  will  vary  more  with  conditions 
than  those  given  in  other  tables.  In  this  instance  the  values  are  based  on 
mean  temperatures  of  70  deg.  or  higher.  Lower  temperatures  will  retard 
curing  time. 

Bituminous -concrete  Pavements 

General  Discussion. — Ordinary  asphalt  surfaces  are  probably 
familiar  to  most  readers.  An  asphaltic-concrete  surface  is  merely 
a  well-graded  mineral  aggregate  mixed  and  cemented  with  bitumen. 
This  general  type  includes  sheet  asphalt,  Topeka  Mix,  "Warren 
Bros.  Bitulithic,  Amiesite,  Bito  slag,  and  various  other  trade- 
name products.  These  surfaces  are  laid  on  either  macadam  or 
cement-concrete  bases.  Specifications  (p.  1459)  describe  con- 
struction operations  in  detail. 

Asphaltic-concrete  surfaces  are  satisfactory  and  economical 
for  the  heavier-traffic  Class  I  rural  roads  having  a  traffic  volume 
of  over  3000  vehicles  daily  (10-hr.  count)  and  for  resurfacing  of 
any  road  carrying  over  1500  to  2000  vehicles  daily.  The  essential 
advantage  of  this  type  lies  in  its  pleasing  appearance,  ease  of  con- 
struction and  repair,  and  resilient  quality,  which  makes  it  particu- 
larly resistant  to  traffic  damage  of  a  large  volume  of  mixed 
traffic. 

The  high  cost  of  this  surface  eliminates  its  use  on  unimportant 
roads. 

It  has  been  extensively  used  for  resident  city  streets  and  a 
considerable  mileage  has  been  constructed  on  primary  state- 
system  rural  highways.  In  damp  weather,  it  is  often  quite  slip- 
pery for  high-speed  rural  traffic — a  drawback — but  it  is  at  present 
(1926)  the  most  available  type  for  resurfacing  worn-out  rigid  pave- 
ments and  for  capping  old  solid  macadam  bases  on  roads  of  Class 
I  and  II  A,  and  it  is  certain  that  a  considerable  yardage  of  this  type 
will  be  constructed  on  rural  highways,  particularly  under  recon- 
struction programs.  Scientific  grading  of  aggregates  and  care  in 
construction  do  much  to  reduce  the  faults  of  waving  and  extreme 
slipperiness,  although  these  fundamental  faults  are  difficult  to 
prevent  entirely. 

Asphaltic-concrete  pavements,  including  concrete  or  macadam 
bases,  cost  for  initial  construction  from  $3  to  $4  per  square  yard; 
the  yearly  maintenance  has  a  wide  range,  but  probably  falls 
between  0.4  to  3.5  cts.  per  square  yard  for  narrowrural  high  ways. 
The  cost  of  surface  renewal  distributed  over  the  life  of  the  surface 
probably  is  about  8  to  15  cts.  per  square  yard  per  year  on  narrow 
rural  highway  pavements  (1926  cost  conditions  where  the  traffic 
volume  is  more  than  3000  daily).1 

The  proper  grading  of  aggregate  is  a  complicated  study  and  the 
reader  is  referred  to  books  by  Richardson,  Hubbard,  etc.  for  com- 
plete data.     Specifications  (p.  1459),  show  usual  practice  for  rura 

1  Renewal  costs  based  on  maximum  allowable  Vialog  coefficient  of  250 
without  excessive  maintenance  (see  p.  551). 
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highway  pavements.  The  present  tendency  lies  towards  the  use 
of  increasing  percentage  of  larger  stone  fragments  under  moderate- 
traffic  volume  to  reduce  slipperiness  and  the  formation  of  waves. 
Under  extremely  heavy  traffic,  a  fine  aggregate  is  desirable  to  pre- 
vent pitting  of  the  surface.  A  conservative  estimate  of  surface 
life  for  this  type  on  heavy-traffic  rural  roads  is  about  10  to  15  years, 
although  there  are  many  cases  which  do  not  fall  within  these  limits 
(see  Chap.  VII). 

Recommended  Designs. — The  recommended  designs  represent 
conservative  practice.  It  is  undesirable  to  reduce  the  thickness  of 
base  below  the  depths  shown,  as  this  type  of  pavement  cannot  be 
easily  strengthened  by  future  resurfacings.  These  designs  are 
based  on  maximum  gross  vehicle  load  of  28,000  lb. 

Suitability  of  Materials.  Macadam  Bases. — See  Water-bound 
and  Bituminous  Macadam  Pavements  (pp.  429  to  449). 

Concrete    Bases.     Cement. — Same    as    for    concrete    pavements 

(P-  456). 

Coarse  Aggregate.  (Paving  Base). — Any  clean,  hard,  well- 
graded  size  of  crushed  stone,  gravel,  or  1800  lb.  per  cubic  yard 


Cement  Concrete  Base  ir/"i->"r    t 

r.3:s-M/y„    „  '"Z  m?  Surface  Mix. 

Uniform  Thickness  6lto7i  U — .mm...iafjr)pr)f. -> 

See  Chap.  2    '  \f  P  /Ofotu     ^ 

Circular  Arc  Crown ,<£ per r% 

k= !    .      ,.£"" 


Stone,  Slag  or  n    \ 
Gravel  Shoulders,  6deep- 


surface  Miy.  ,.,/..* /■„„,*, 
'.,'x  ,'d  ■  j-~  11/2*  Concrete 
•A  to  J  Binder-' Edging  gv^ 
:  /        ,.''  Pounded y6'fad.Inside 

e&t     >/"       ^    "     3/4 'Outs/ide 
Z  iv2'2     ^t\' Crown  Gmde 


^JZWSm  W^m^W^&^iv^  Underdraw 
Ana  required  depth  fPorvusT/e*^^-    in  Wet  Soil 

See  Chapter  Z  Weeps,spaced30' 

Fig.   165. — Recommended  design  Class  I  traffic. 


crushed  slag.  Pit-run  gravel  or  crusher-run  stone  should  not  be 
used;  the  sizing  for  coarse  aggregate  is  generally  specified  as  between 
%  to  3;Hj">  with  not  over  15%  of  material  passing  the  i^i"  screen 
The  high  standards  set  for  concrete  pavement  need  not  be  attained, 
as  the  base  is  not  subjected  to  traffic  pounding.  It  must  produce  a 
strong  concrete;  it  is  desirable  to  use  the  best  available  source 
without  raising  the  cost  needlessly;  in  the  main,  a  local  supply 
should  be  preferred  even  if  the  coefficient  of  hardness  drops  as  low 
as  5  for  stone  or  this  equivalent  for  gravel.  Shale  gravel  shall  not 
be  used  but  a  small  percentage  of  shale  up  to  10%  is  allowable. 
The  coarse  aggregate  must,  however,  be  free  from  organic  impurities 
and  from  a  coating  of  clay  or  loam. 

Sand  (Paving  Base). — Same  general  requirements  as  for  con- 
crete pavements  except  that  an  8%  maximum  loam  content  can 
be  used  with  safety  (see  Specifications,  p.  1386). 

Binder  and  Surface  Mix — The  following  material  from  the 
"Asphalt  Association  Handbook"  is  as  authoritative  as  any 
available  data. 
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COARSE  AGGREGATE— BROKEN-STONE  SPECIFICATIONS 

For   Asphaltic   Concrete,   Coarse-graded   Aggregate   Type 


Size 

Per  cent  passing  screen 

r1/« 
17i 

\4" 

M" 

K" 

Coarse  aggregate 

Cover  for  seal  coat 

95-IOO 

25-75 

95-100 

0 
0-15 

Per  cent  of  wear,  5. 

For    Asphaltic    Concrete,    Fine-graded    Aggregate     Type 

Coarse  aggregate 

Per  cent  passing  screen 

H" 

kn 

74 

Alternates 

I 

100 

95-100 

0-75 
0-75 

II 

For  Binder  Course 

Per  Cent 

Passing  \\^"  screen 95-100 

Passing  %"  screen 25-  75 

Passing  3^"  screen o-  10 

Per  cent  of  wear 6 

For  Two-course  Asphalt-macadam  Base 


Per  cent  passing  screen 


3H"        2M"        iK" 


No.  1  coarse. 
No.  2  coarse. 
Intermediate. 


95-ioo 


o-is 
95-ioo 


0-15 
95-ioo 


25-75 


0-15 


Per  cent  of  wear,  8. 

For  Asphaltic-concrete  Base 


Coarse  aggregate, 
inches 


Per  cent  passing  screen 


2M"        iK"        iK" 


Alternates: 

I 

II 


95-ioo 


95-ioo 


25-75 


25-75 


Per  cent  of  wear,  5. 
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Broken-slag1  Specifications. — Broken  slag  may  be  used  in  place 
of  broken  stone  for  the  various  types  of  asphalt  pavements  and 
bases,  the  requirements  for  size  being  the  same  as  those  given  under 
Broken-stone  Specifications.  In  addition,  the  following  require- 
ments are  commonly  made : 

Per  cent  of  wear 10  per  cent  — . 

Weight  per  cubic  foot  for  each  size 

specified 70  lb.  + 

Gravel1  Specifications. — Gravel  may  be  used  in  place  of  broken 
stone  for  coarse-graded-aggregate  asphaltic  concrete,  binder 
coarse  and  asphaltic-concrete  base  with  the  same  requirements  for 
size  as  those  given  under  Broken-stone  Specifications.  The  gravel 
should  be  composed  of  sound,  hard,  durable  pebbles  free  from 
clay  or  coatings  of  any  character. 

\    SAND   OR  FINE-AGGREGATE   SPECIFICATIONS 

Coarse-graded  Aggregate  Asphaltic-concrete  and  Asphaltic- 
concrete  Base 


Passing 


Retained  on 


Per  cent 


l-i"  screen 

\i"  screen 

10-mesh  sieve. 
40-mesh  sieve. 
80-mesh  sieve. 
200-mesh  sieve 


10-mesh  sieve 

40-mesh  sieve 

80-mesh  sieve 

200-mesh  sieve 


100 
0-20 
15-20 
25-60 
7-40 
0-  6 


Fine-graded    Aggregate    Asphaltic    Concrete    and    Sheet 

Asphalt 


Passing 

Retained  on 

Per  cent 

98-100 

10-mesh  sieve 

20-mesh  sieve 

20-mesh  sieve 
30-mesh  sieve 
40-mesh  sieve 
50-mesh  sieve 
80-mesh  sieve 
100-mesh  sieve 
200-mesh  sieve 

3-  15 

4-  15 

5-  25  , 
5-  30  1 

5-  40  J 
10-  20 

6-  20 
0-     5 

►  14-50 

30-60 
16-40 

40-mesh  sieve 

100-mesh  sieve 

The  sand  shall  consist  of  clean,  hard,  durable  grains  free  from 
clay,  loam,  and  other  foreign  matter.2 

Mineral-filler    Specifications. — Limestone    dust,    slate    dust,    or 
Portland  cement. 

Per  Cent 
or  More 

Passing  30-mesh  sieve 100 

Passing  200-mesh  sieve 60 

1  Gravel  or  slag  is  not  advised  where  a  good  grade  of  stone  is  available. 

2  Heat  from  drying  drum  generally  eliminates  all  organic  impurities  except 
free  matter  like  sticks  or  leaves. 
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Bitumen— Detail  specifications  for  suitable  asphalt  and  tar 
binders  are  given  on  page  1399. 

A  considerable  range  in  the  value  of  penetration,  depending 
on  climatic  and  traffic  conditions,  is  the  only  point  necessary  to 
indicate  at  this  part  of  the  discussion.  The  values  recommended 
for  asphalt  are  as  follows: 

Table    94— Penetration    Values    for    Asphaltic    Concrete 


Traffic 


Low 


Light 

Moderate 
Heavy.  .  . 


60-70 
60-70 
50-60 


Temperature 


Moderate 


60-70 
60-70 
50-60 


High 


50-60 
50-60 
50-60 


Table    95.— Penetration    Values    for    Sheet    Asphalt 


Traffic 


Temperature 


Light 

Moderate 
Heavy.  . . 


50-60 
50-60 
40-50 


50-60 
50-60 
40-50 


40-50 
40-50 
30-40 


If  a  tar  binder  is  used  the  usual  grade  corresponds  to  Tarvia  X 
(Barrett  Company  Specifications). 

Amounts  of  Material.  Macadam  Bases. — See  Water-bound  and 
Bituminous-macadam  Pavements  (pp.  441  to  449). 

Cement-concrete  Bases  per  Cubic  Yard 


Mix 


1:3 

1.2)4 

1:2 


Coarse  aggregate, 
cubic  yards 


Sand, 
cubic  yards 


Cement, 
barrels 


0.95 
0.92 
0.90 
0.84 


0.47 
0.46 
0.45 
0.42 


1.0 

I  .2 

1.5 

1.9 


Asphaltic  Mixes.— The  following  data  are  taken  from  the 
"Asphalt  Association  Handbook"  and  applied  to  unpatented 
mixtures: 
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Coarse-graded  Aggregate  Asphaltic  Concrete 
(2"  thick,  excluding  seal  coat) 


Materials 


Pounds  per 
square  yard 


Tons  per  mile, 
1'  wide 


Coarse  stone. . , 

Sand 

Mineral  filler.  . 
Seal-coat  stone 
Asphalt 


147 

58 

9 

25 

18 


43-1 

17  .0 

2.6 

7-3 

5-3 


Fine-graded     Aggregate     Asphaltic     Concrete     (Modifiei) 

Topeka) 
(2"  thick) 


Materials 


Pounds  per 
square  yard 


Tons  per  mile 
1'  wide 


Stone  chips. . 

Sand 

Mineral  filler 
Asphalt 


53 

123 

18 

18 


15.5 

36.1 

5-3 

5.3 


ASPHALTIC-CONCRETE    BASE 

(3"  thick) 


Materials 


Pounds  per 
square  yard 


Tons  per  mile 
i'  wide 


Coarse  stone 

Sand 

Asphalt 


216 

100 

18 


63 -4 

20 -3 

53 


"On  western  New  York  State  Highways  black  base  using  a  limestone 
aggregate  and  sand  proportion  approximately  75%  stone  and  25%  sand, 
the  weight  per  cubic  yd.  of  consolidated  material  has  ranged  between  350c 
and  3700  lb.  exclusive  of  bitumen." 


Amiesite. — This  is  a  patented  pavement  made  of  crushed  stone 
coated  with  asphaltic  cement.  It  has  been  used  on  many  miles  ol 
road  with  good  results.  It  is  shipped  cold  in  a  friable  and  granu- 
lated state,  spread  on  either  macadam  or  concrete  base,  and  well 
rolled.  Amiesite  screenings  are  then  spread  and  rolled,  forming 
the  surface.  This  construction  costs  about  the  same  as  asphaltic 
concrete  per  square  yard.  It  resembles  asphalt  in  appearance 
and  has  the  advantages  and  disadvantages  of  all  roads  of  this  class. 
It  is  particularly  adapted  for  small  jobs  where  it  would  not  pay  to 
set  up  an  asphalt  plant  or  where  suitable  asphalt  materials  are  not 
locally  available. 


- 


AMIESITE 

Table  06. — Depths  and  Weights  of  Amiesite 
(Weights  are  given  per  square  yard) 
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<U 

to 

t-. 

1     4> 

cu  a 

c 

p-0 

c  0 

to 

3  0 

<u  0 

to 

bo 

§  to 

0 

0 

«>  ft 

0 

2  v. 

&  ft 

■5-z 

O  c 

.H  to 

03    <U 

■a  0 

6  c 

.2  to 

0) 

to 

0)    Vh 

— .  <u 

O   O 

PT3 

M  2 
£t  ft 

<u  0 

a;  O 

3 
CO 


Sandstone. 


Trap  rock. 


Limestone. 


[  2H 

IS3 

13.0 

I 

67H 

29.5 

2^8 

I78M 

11. 3 

I 

67*4 

29.5 

1  3 

204 

9-8 

I 

67  H 

29.5 

3« 

220M 

8.7 

1 

tin 

29.5 

13« 

255 

7.8 

1 

(>7H 

29.5 

f   2^ 

168M 

11. 8 

I 

75 

26.6 

2H 

196% 

10.2 

1 

75 

26.6 

\  3 

225 

8.9 

1 

75 

26.6 

3% 

2533-s 

7-9 

1 

75 

26.6 

I  3% 

28I>4 

7.1 

I 

75 

26.6 

[2H 

I64K 

12  .2 

1 

73 

27.4 

1    2^8 

191^8 

10.4 

1 

73 

27.4 

i  3 

219 

9.1 

1 

73 

27.4 

3!« 

246*8 

8.1 

1 

73 

27.4 

3*4 

273*4 

7-3 

I 

73 

27.4 

3H 

3*8 

4 
4*8 

4*4 


3H 

3*8 

4 

4*s 


220*^ 
246H 

211% 
29lH 
322% 

243% 
2HVs, 
300 

328> 


4*4  356M 


3\i 
3% 

4 

4*8 


23  7  >4 

264^ 

292 

319% 


4*4!346*; 


2       9 

2^18 


2 H  7.36 

2*4,6.73 

3       6.20 


2 

2H 

2^ 
2% 

3 


2K 
2H 

2^4 


8.20 
7.36 

6.66 
6. 10 
5- 60 

8.43 
7-56 
6.85 
6.26 
5-77 


Notes. — To  find  the  amount  of  loose  Amiesite  necessary  for  any  com- 
pressed thickness,  subtract  %"  from  com.pressed  thickness,  multiply  by  1%, 
which  equals  loose  thickness,  to  which  add  i"  for  filler. 

To  find  what  compressed  thickness  any  given  amount  of  loose  Amiesite 
will  give,  subtract  i"  from  loose  thickness,  multiply  by  %,  and  add  J^" 
for  filler. 

Design. — Design  includes  decisions  in  regard  to  the  selection 
of  either  macadam  or  cement  concrete  as  the  base,  the  depths  of 
base  required  for  the  soil  and  traffic  conditions  prevailing,  the 
width  and  crown  of  the  pavement,  and  the  mix  and  depth  of  the 
bituminous  concrete  surface. 

Type  of  Base. — Macadam  base  is  an  economical  design  for 
moderate  traffic  where  the  macadam  is  constructed  at  least  a  year 
ahead  of  the  asphalt  surface.  Macadam  bases  are  rarely  desirable 
where  the  asphaltic  surface  is  laid  on  newly  constructed  macadam, 
as  traffic  pounding  is  necessary  in  order  to  compact  macadam  con- 
struction properly. 

Cement-concrete  base  is  the  most  feasible  type  for  heavy  traffic 
where  it  is  desirable  to  get  quick  results  on  new  grading,  but 
should  be  used  with  caution  on  new  fills  of  depths  of  over  2  to 

unless  special  care  is  taken  in  grading  operations.  Despite  all 
care,  it  is  not  advisable  to  use  concrete  base  on  fills  over  5'  deep 
or  on  side-hill  sections  part  in  cut  and  part  in  fill  unless  the  grading 
is  at  least  1  year  and  preferably  2  years  old. 

Depth  of  Base. — If  the  macadam  type  of  base  is  selected,  it  is 
merely  a  matter  of  macadam  design.  The  required  depths  and 
the  most  economical  use  of  local  materials  were  discussed  under 
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Macadam  Design  and  the  reader  is  referred  to  (pp.  366  to  392)  and 
Macadam  Pavements  (pp.  429  to  449). 
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Fig.   166. — State  of  New  Jersey  (1922). 
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Bituminous  Specification  Claw  A 

Fig.  166. — State  of  Pennsylvania  (1922). 
Contraction  and  Expansion  of  Mortar  and  Concrete 


Mortars 


Concretes 


Mixture 


Coefficient  of 

expansion  per 

degree  Fahrenheit 


Mixture 


Coefficient  of 

expansion  per 

degree  Fahrenheit 


Neat 
1: 1 
1:2 
1:3 
1:4 
i:5 


0.000,007,83 
0.000,007,43 
0.000,006,00 
0.000,006,05 
0.000,005,94 
0.000,005,77 


1:1^:3 
1:2  :4 
1:2^:5 
1:3      :6 


0.000,006,77 
o  .000,006,60 
0.000,005,58 
0.000,005,37 


Coefficient  of  expansion.     Steel  reinforcement  0.000,006,5. 

If  the  concrete  type  of  base  is  selected,  it  is  necessary  to  decide 
on  the  richness  of  the  mix  and  the  depth  of  base.  Engineers  differ 
as  to  the  desirability  of  the  different  mixes,  which  range  in  common 
practice  from  1:3:6  to  1:2:4.  For  the  same  strength,  the  leaner 
mixes  require  greater  depth,  and  they  are  also  a  little  more  likely  to 
be  porous  and  to  break  down  over  trenches,  but  transverse  con- 
traction cracks  seem  less  noticeable  with  the  leaner  mixtures, 
probably  on  account  of  lower  coefficient  of  expansion  and  con- 
traction. The  tendency  is  towards  the  use  of  1 :  2^ :  5  or  1 : 3 :  5  as 
a  good  practical  mix.     The  depths  of  base  recommended  for  dif-  t 
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ferent  mixes  under  different  traffic  loading  is  given  in  Table  86 
(p.  426)  and  ranges  from  6  to  8". 

Surface  Mix. — The  surface  mix  is  generally  in  two  layers,  binder 
and  finer-aggregate  mix.  The  depths  range  from  2"  where  binder 
is  not  used  to  3"  for  the  heavier-traffic  streets  (1  to  iy2  "  binder  and 
iK.to  2"  fine-aggregate  top). 

Figures  165  and  166  show  the  depths  of  binder  and  fine  mix  in 
common  use  (1926)  on  rural  highways.  Personally,  the  author 
prefers  1"  closed  binder  and  xY2"  Modified  Topeka  Surface  Mix 
for  ordinary  highway  work.  On  extremely  heavy-traffic  road,  a 
1%"  binder  with  i^2"  of  fine-graded  mix  is  probably  better  for 
such  conditions.  There  is  an  infinite  variety  of  mixes,  depending 
on  materials  available  and  local  climatic  and  traffic  conditions,  and 
the  best  mix  to  adopt  is  largely  a  local  problem  which  can  be'  best 
solved  by  an  expert  asphalt  man  and  gradually  modified  by 
observed  action  for  any  locality.  Practically  all  authorities  are 
agreed  that  the  most  common  serious  fault  of  surface  mixes  lies  in 
insufficient  fine  sand  passing  80  and  being  retained  on  200  sieve, 
insufficient  or  poor-grade  filler  passing  200,  and  a  poor  relation 
between  the  proportions  of  fine  sand,  80  to  200,  to  the  amount 
of  filler  and  bitumen.  The  lack  of  durability  of  many  pavements  is 
directly  chargeable  to  carelessness  in  grading.  The  following  typical 
mixes  are  recommended  by  the  Asphalt  Association  and  should 
serve  satisfactorily  in  case  local  practice  has  not  crystallized  on  a 
somewhat  different  mix.  The  reader  is  referred  to  books  by  Clif- 
ford Richardson,  Provost  Hubbard,  Besson  etc.,  for  detail  data  on 
asphalt  mixtures.1 

TYPICAL    MIXES    RECOMMENDED    BY    ASPHALT    ASSOCIATION 

AsPHALTIC-CONCRETE    SURFACE    COURSE 

(Fine- grade  aggregate  type) 
Thickness,  2". 

Drown,  \i"  to  Y%"  to  the  foot  recommended. 
Materials  (see  preceding  discussion). 
Mixture : 

■     •       , ,..       .   .                           .  Per  Cent 

passing  y2'  ,  retained  on  10-mesh  screen 20  0-1=;  o 

Passing  10-mesh,  retained  on  40- mesh  sieve 70-250 

Passing  40-mesh,  retained  on  80-mesh  sieve u   0-36  o 

Passing  80-mesh,  retained  on  200-mesh  sieve 10  0-25  o 

Passing  200-mesh  sieve '    '  70-110 

Bitumen  (asphalt  cement  soluble  in  carbon  disulphide) .'.'.'.'. .  .  '.'.  7.5-  g.$ 

Sheet-asphalt  Binder  and  Surface  Courses 

Thickness: 

Binder  course Ij</#  recommended 

Wearing  course x}£»  recommended 

Total 3" 

rown,  H"  to  the  foot  recommended. 
Materials  (see  preceding  discussion). 
Mixtures: 

!See    Richardson,    "Asphalt    Construction,"    McGraw-Hill    Book    Co 
.nc,  p.  70.     See  Besson  City  Pavements  McGraw  Hill  Book  Co.  Inc. 
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Per  Cent 

Binder  course: 

Coarse  aggregate  retained  on  io-mesh  sieve 60.0-80 .0 

Sand  and  material  passing  io-mesh  sieve 15  .0-35  .0 

Bitumen  (asphalt  cement  soluble  in  carbon  disulphide) 4.0-  6.0 

Surface  course: 

Passing  io-mesh,  retained  on  40-mesh  sieve 10.0-40.0 

Passing  40-mesh,  retained  on  80-mesh  sieve 22  .0-45  .0 

Passing  80-mesh,  retained  on  200-mesh  sieve 12  .0-30  .0 

Passing  200-mesh  sieve 10  . 0—20 .  o 

Bitumen  (asphalt  cement  soluble  in  carbon  disulphide) 9.5—12 .0 

Probably  the  simplest  way  for  the  student  to  consider  an  asphalt 
mixture  is  in  two  steps:  first,  the  asphaltic  mortar  composed  of 
bitumen  and  all  the  mineral  aggregate  passing  a  No.  10  sieve,  and, 
second,  the  coarse  mineral  aggregate  retained  on  the  No.  10  sieve. 
The  mortar  must  conform  to  the  requirements  of  a  good  sheet  asphalt, 
all  ingredients  of  which  pass  a  No.  10  sieve,  and  the  amount  of 
coarse  aggregate  added  to  the  mortar  has  no  effect  on  proportioning 
the  mineral  aggregate  of  the  mortar,  although  it  does  have  some 
effect  on  the  total  bitumen  in  the  final  mix. 

Good  representative  ideal  mortar  mixes  used  in  northern  states 
for  different  volumes  of  traffic  are  shown  in  the  table  on  page  501 

It  is  important  to  have  from  10  to  12%  of  bitumen  to  insure  gooc 
life,  waterproofing,  etc.,  but  in  order  to  carry  the  proper  amounl 
of  bitumen  and  still  have  a  good  workable  and  stable  mix  the  pro- 
portion of  bitumen,  200  and  80  factors,  must  be  about  as  shown 
A  good  grade  of  filler  (200  sieve)  is  important.  Limestone  dust  o: 
Portland  cement  make  the  best  and  most  dense  product,  but  it  i: 
rarely  advisable  to  eliminate  the  200-mesh  sand  content  entirely 
although  it  is  probably  justifiable  to  restrict  the  200-mesh  sand  U 
a  maximum  of  5%  of  mortar  mix  and  make  up  the  balance  with  th( 
cement  or  stone-dust  filler. 

The  second  factor  (coarse-stone  aggregate  }{ 0  to  3^"  in  size' 
is  added  to  increase  stability  of  mix  under  traffic,  to  decreas( 
slipperiness  of  the  pavement,  and  to  reduce  the  cost  of  the  mix 
For  the  ordinary  so-called  modified  Topeka,  which  is  a  popula; 
type,  the  amount  of  coarse  stone  ranges  from  15  to  30  lb.  pei 
100  lb.  of  total  surface  mixture.  This  coarse  aggregate  consists  o 
the  stone  coated  with  bitumen.  The  amount  of  bitumen  necessar) 
to  coat  the  stone  of  the  size  usually  used  is  about  2  %  of  the  weighi 
of  the  stone. 

The  final  proportions  of  a  mix  consisting  of  both  mortar  anc 
coarse  aggregate  can  now  be  very  easily  computed.  Suppose  it  is 
proposed  to  figure  an  ideal  mix  using  20  lb.  of  coarse  aggregate  anc 
80  lb.  of  mortar,  making  100  lb.  of  completed  surface  mix.  Tht 
amount  of  each  factor  in  the  mortar  content  of  the  final  mix  is 
obtained  by  multiplying  the  percentages  given  in  the  preceding 
table  by  80  lb.  The  amount  of  bitumen  figured  for  the  mortar  h 
then  increased  by  2%  of  the  weight  of  the  coarse  aggregate  (20  lb 
X  0.02  =  0.4  lb.)  and  the  net  weight  of  coarse  aggregate  is  added  as 
a  new  factor.  The  table  on  page  501  of  ideal  mix  for  Topeka 
construction  is  computed  in  this  manner: 
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ASPHALTIC-MORTAR    MlX    (PERCENTAGES   BY    WEIGHT) 


Bitu- 

Mineral aggregate 

Total 

Class  of 
traffic 

men, 
per 

all 
factors, 

cent 

200 

sieve 

80 

40 

10 

per  cent 

Light -. 

10. 0 

10. 0 

15 

30 

35 

100 

Medium. . .  . 

10.5 

12. s 

18 

34 

25 

100 

Heavy 

11 .0 

IS 

21 

34 

19 

100 

Allowable 

variation 

(per      cent 

each      size 

or  factor) .  . 

9-5-12 

10-20 

12-30 

22-45 

10-40 

The  relation  of  these 

This  column 

This  column 

columns    must    re- 

should  not 

not   so   im- 

main    about     con- 

be       much 

portant. 

stant,  that  is,  they 

over    twice 

must     all     rise     or 

the  80  col- 

fall together. 

umn. 

Table  of  Ideal  Proportions,  Modified  Topeka  Mrx 
(Surface  mix — percentages  of  complete  mix  by  weight) 


Class  of  traffic 


Mineral  aggregate 

Total 

all 

men 

200 

sieve 

80 

40 

10 

74 

1/" 

72, 

factors 

8.2 

7.0 

12 

22 

26 

17 

8 

100 

8.8 

9-2 

14 

25 

21 

15 

7 

100 

9-5 

ii-5 

17 

28 

16 

13 

5 

100 

8-10 

7-12 

10-25 

n-36 

7-25 

10-20 

Less  than 
10 

Light 

Medium 

Heavy 

Allowable  va- 
riation (per 
cent  for  each 
size  factor) . . 


Binder. — The  binder  course  may  be  of  either  the  so-called  "open  " 
)r  "closed"  types.  Open  binder  is  merely  asphalt-  or  tar-coated 
>tone  ranging  in  size  from  %  to  i3>£".  This  type  of  binder  requires 
:rom  3.5  to  4.5%  of  bitumen.  The  closed  binder  is  more  nearly  a 
true  asphaltic  concrete  and  requires  careful  grading  of  aggregate. 
'By  courtesy  of  Clifford  Richardson  the  following  is  quoted  from 
ais  book  "Asphalt  Construction."1 

"Open  Binder. — Open  binder  consists  of  stones  largely  of  one  size,  the 
ragments  being  from  %  to  1"  in  their  largest  diameter,  although  at  times 
•un  of  crusher  has  been  used.  Broken  stone  of  the  latter  description  requires 
1  larger  amount  of  bituminous  cementing  material,  and  in  consequence  the 
oinder  is  more  cohesive.  The  following  data  will  show  the  average  composi- 
;ion  of  open  binders  which  have  been  used  at  different  times  in  the  construc- 
ion  of  sheet-asphalt  pavements. 

"It  appears  from  these  figures  that  the  percentage  of  bitumen  which  a 
binder  requires  depends  largely  upon  the  amount  of  fine  material  which  it 
contains.      The  first  mentioned  in  the  table  contains  26.8  %  of  fine  material 

1  "Asphalt  Construction,"  McGraw-Hill  Book  Company,  Inc. 
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and  requires  5.4  %  of  bitumen 
while  those  made  from  cleane: 
stone  where  the  finer  particles  dc 
not  exceed  5%,  contain  less  thar 
4%  of  bitumen.  In  preparing 
sending  to  the  street,  and  placing 
a  course  of  _  open  binder,  care  i 
demanded  in  certain  directions 
The  stone  should  be  hard,  suffi 
ciently  so  as  not  to  crush  under  th. 
roller.  _  It  should  be  free  from  cla; 
and  dirt,  although,  as  has  beei 
said,  fine  particles  of  the  ston 
itself  are  an  advantage  rathe 
than  otherwise.  In  heating  th 
stone  and  mixing  jit  with  th 
asphalt  cement,  great  care  shouL 
be  used  so  that  it  is  not  overheated 
since  if  this  is  the  case  a  prope 
coating  of  the  bonding  materic 
will  not  adhere  to  the  stone,  owin 
to  the  excessive  heat,  or  much  c 
it  may  run  off  and  be  lost  durin 
the  haul  to  the  street.  On  th 
other  hand,  the  binder  should  b 
hot  enough  to  permit  of  properl 
coating  it  and  its  ready  compre: 
sion  on  the  foundation.  An  ope 
binder  should  be  bright  and  gloss} 
and  not  dead  in  appearance,  as 
is  dumped  from  the  truck,  j 
should  be  hot_  enough  to  sprea 
readily  and  uniformly.  It  shoul 
contain  no  excess  of  bitumen  i 
any  one  spot,  and,  should  this  t 
the  case,  such  spots  should  h 
removed  and  replaced.  Binde 
after  it  has  been  placed  on  th 
street  or  road,  should  be  covere< 
within  the  shortest  space  of  tin 
possible,  with  the  surface,  as  whe 
it  has  been  wet,  tracked  with  dir 
or  become  covered  with  horse  droj 
pings  or  dead  leaves,  the  adhesic 
of  the  surface  mixture  to  it  wi 
not  be  complete. 

"In  actual  practice  a  9-cu.  f 
box  of  broken  stone  for  binder  wi 
weigh  about  900  lb.,  will  requii 
about  40  lb.  of  Trinidad  and  aboi 
36  lb.  of  Bermudez  asphalt  cemen 
but  the  cement  must  be  regulate 
by  observing  the  appearance  of  th 
material  in  the  truck  and  on  th 
street. 

"In  preparing  a  binder  at  th 
plant  the  mixer  in  use  should  ha\ 
teeth  with  a  sufficient  clearanc 
between  them  and  the  lining  of  tr 
mixer  so  that  the  largest  particle 
of  stone  cannot  become  wedge 
between  them,  and  thus  rapidl 
wear  out  the  lining  of  the  mixe 
It  is  not  good  practice  to  attemr. 
to  mix  binder  in  the  same  mix« 
that  is  employed  for  preparing  th 
surface  mixture.  A  separate  or 
should  be  employed,  although  i 
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some  of  the  smaller  plants  of  a  portable  description  it  is  not  always  possible 
to  do  so,  in  which  case  provision  must  be  made  for  making  a  change  of  teeth 
from  the  longer  to  a  shorter  form,  in  changing  from  surface  to  binder  mixing." 
Close  Binder.1 — Close  binder  is,  or  should  be,  a  true  asphaltic  concrete. 
It  consists  of  the  same  broken  stone  of  which  the  open  binder  is  made,  but 
the  voids  in  it  are  filled  with  smaller  stone  and  with  an  asphaltic  mortar 
corresponding  to  the  ordinary  asphalt  surface  mixture.  For  the  construction 
of  a  close  binder  or  asphaltic  concrete  of  the  highest  type,  the  grading  of  the 
mineral  aggregate  should  be  carefully  regulated.  This  can  be  done  by 
determining  the  voids  in  the  coarser  stone,  calculating  the  amount  of  fine 
stone  necessary  to  fill  these,  and  again  the  amount  of  sand  to  fill  those  in  the 
mixture  of  coarse  and  fine  stone.  This  can  be  readily  done  by  constructing 
a  box  of  sheet  iron  or  wood  of  exactly  i-cu.  ft.  capacity.  It  is  filled  with  the 
hot,  coarse  stone,  which  is  compacted  by  shaking.  The  surface  is  then 
struck  off  and  the  box  weighed.  Allowing  for  tare,  the  weight  of  1  cu.  ft. 
of  the  coarse  stone  is  obtained.  Knowing  the  density  of  this  stone,  2.65  for 
limestone  and  2.9  to  3.0  for  trap  rock,  the  weight  of  a  solid  cubic  foot  of  the 
stone  can  be  calculated.  By  dividing  the  weight  of  a  cubic  foot  of  the 
broken  stone  by  the  weight  of  a  solid  cubic  foot  of  the  material,  the  voids 
can  be  determined.  In  the  same  way  the  weight  of  a  cubic  foot  of  the  finer 
stone  and  of  sand  can  be  arrived  at.  The  amount  of  each  which  it  is  neces- 
sary to  use  to  fill  the  voids  in  the  coarse  stone,  and  again  in  the  mixture  of 
the  coarse  and  fine  stone,  can  be  readily  calculated.  The  proportions  for 
actual  use  can  be  readily  determined  and  the  amount  of  bitumen  required 
:rom  the  percentages  of  broken  stone  and  sand  that  are  present. 

As  an  example  of  the  proportions  of  coarse  stone,  fine  stone,  sand,  and 
isphalt  cement  in  actual  use  in  preparing  a  close  binder,  the  following  figures 
svill  serve: 


New  York 


Plant  1 


Plant  2 


Boston 


Coarse  stone. . 

Fine  stone 

Sand 

Trinidad  as- 
phalt cement 

Bermudez  as- 
phalt cement 


480  lb. 
200  lb. 
150  lb. 


54-6% 
22.7% 
17-0% 


50  lb.  =       5-7 


880  lb.  =  100.0% 


480  lb.  = 

202  lb.  = 

150  lb.  = 

68  lb.  = 


53-3% 
22.4% 
16.7% 

7.6% 


900  lb.  =  100.0% 


885  lb.  -      73-4% 
250  lb.  =      20.8% 

70  lb.  =        5.8% 


1205  lb.  =  100.0% 


Analyses,  Per  Cent 


Bitumen  soluble  in  CS2. 
Passing  200-mesh  screen 
Passing  10-mesh  screen. 
Passing  8-mesh  screen.. 

Passing  3-i"  screen 

Passing  M"  screen 

Passing  $i"  screen 

Passing  1"  screen 

Retained  1"  screen 


5.6 

4-4 
29.2 

1.8 
ro.o 
23.2 
13.6 

7-4 
4.8 


100. 0 


33 


5-2 

6.4 

29.O 

2  .0 

7.0 
25.8 
17.8 

6.8 
0.0 


100. o 


35 


4.8 

4.2 

26.4 

0.8 

4.4 

24.4 

32.2 

2.8 

0.0 


100. 0 


30.6 


"At  some  plants  it  is  impossible  to  separate  the  stone  into  coarse  and  fine 
>articles,  in  which  case  the  heated  stone  of  both  sizes  is  collected  in  one  bin, 
mt  segregation  generally  occurs  under  such  circumstances.  In  arranging 
he  grading  of  the  mineral  aggregate,  care  should  be  taken  to  see  that  the 

1  Quoted  from  Richardson,  Clifford,  "Asphalt  Construction,"  McGraw- 
iill  Book  Company,  Inc. 
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amount  of  fine  material,  while  sufficient  to  fill  the  voids  in  the  stone,  is  not 
present  in  excess,  since  in  this  case  the  surface  of  the  binder  when  compacted 
on  the  street  will  be  too  smooth  to  bond  properly  with  the  wearing  surface, 
and  resulting  displacement  under  travel  will  be  possible.  An  excess  of 
bitumen  must  also  be  avoided  for  the  same  reason,  and  if  spots  in  the  binder 
as  laid  show  anything  of  this  description,  the  material  should  be  removed. 

"An  entirely  satisfactory  close  binder  can  be  constructed  for  all  but  the 
most  trying  conditions  by  the  use  of  selected  old  surface  material,  which 
has  been  disintegrated  and  softened  by  steam,  for  filling  the  voids  in  the 
ordinary  open  binder.  It  is,  of  course,  a  matter  of  great  economy  to  turn 
out  a  close  binder  in  this  manner.  The  old  surface  material,  having  been 
crushed  and  scftened  by  dry  steam,  is  added  in  the  mixer  to  the  hot  binder 
stone  and,  in  this  manner,  further  disintegrated  and  distributed  among  the 
stone.  The  proper  amount  of  additional  asphalt  cement  is  added  to  coat 
the  stone  and  enrich  the  old  surface  mixture.  It  does  not  possess  the  com- 
plete stability  of  an  asphaltic  concrete,  but  it  is  infinitely  superior  to  the 
ordinary  open  binder  for  the  construction  of  an  intermediate  course. 

"The  asphalt  cement  in  use  in  binder  may  well  be  considerably  softer, 
10  to  15  points,  when  it  is  possible  to  make  it  so,  than  that  in  use  in  the  sheet- 
asphalt  surface. 

"In  the  construction  of  asphalt  pavements  with  an  asphaltic  concrete 
binder  course,  the  surface  should  be  applied  to  it  before  it  has  become  entirely 
cold.  It  is  well  to  run  out  binder  to  the  street  for  not  more  than  half  of  a 
working  day  and  to  cover  it  with  surface  during  the  same  day.  This  is 
much  more  important  with  a  close  than  with  an  open  binder  It  is  nol 
possible  to  do  satisfactory  work  where  a  large  area  of  close  binder  is  laic 
on  one  day  and  covered  with  surface  on  the  next." 
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Fig.   i 67 A. — City    street    pavement    crowns,    Rochester,    N. 

Width  and  Crown. — Normal  widths  for  heavy-tramc  roads  or 
which  asphaltic  concretes  can  be  economically  used  range  from  ii 
to  20'  on  straight  alignment.  On  sharp  curves  these  widths  ar( 
increased  (see  Tables  36  and  37,  p.  132). 

Either  the  parabolic  or  circular-arc  crown  is  suitable;  as  dis 
cussed  under  Concrete  Pavements,  the  circular  arc  is  to  be  pre 


Ferred.  A  crown  slope  of  l^  to  98"  per  foot  is  usual  practice. 
For  rural  highways,  \\"  is  probably  the  better  rate.  For  village 
streets  of  considerable  width,  Fig.  167  page  505  shows  current 
practice  for  different  types  of  pavement.  As  the  grade  increases  the 
rown  is  reduced.  On  sharp  curves,  a  one-way  banked  crown  is 
ised  (see  p.  127  for  ordinary  practice). 

Steep  Grades. — See  pages  425  and  101  for  limitations  of  use  im- 
posed by  steep  grades. 
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Specifications. — See  Part  III  (pp.  1459  to  1470). 

Construction  Equipment. — See  Chap.  XV  (pp.  1264  to  1265). 

Inspection  Details. — See  Chap.  XVI  (pp.  13 13  to  1330). 

General  Maintenance  Methods. — Usual  methods  of  shoulder, 
itch,  and  guard-rail  work  prevail.  The  pavement  is  repaired  by 
utting  out  the  depressions  or  waves  which  develop  and  replacing 
he  surface  mix;  this  can  be  easily  and  quickly  done  with  very 
ttle  inconvenience  to  traffic  (see  Chap.  VII  for  costs,  etc.).  Tem- 
erature  cracks  are  sealed  with  liquid  bitumen. 
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Brick  Pavements 

General  Discussion. — All  readers  are  familiar  in  a  general  way 
with  the  character  of  brick  pavements.  They  are  merely  specially 
hard,  well-manufactured  brick  set  on  either  a  cement-sand,  bitu- 
minous-sand, or  sand  cushion  and  the  joints  between  the  brick 
filled  with  cement  grout,  bituminous  filler,  or,  in  unusual  conditions, 
plain  sand.  The  foundation  for  the  brick  surfaces  is  generally 
cement  concrete  ranging  in  depth  from  5  to  8".  In  some  cases  firm 
macadam  foundations  can  be  utilized  to  advantage  in  place  of  the 
cement-concrete  base.  Specifications  (p.  1476)  describe  construction 
operation  in  detail. 

Brick  pavements  are  satisfactory  for  the  heavier  Class  I  traffic 
roads.  They  have  been  used  extensively  for  city  pavements  and 
for  a  considerable  mileage  of  primary  state  highways.  The 
economy  of  their  use  depends  largely  on  the  location  of  the  road 
in  relation  to  the  brick-manufacturing  plant,  as  the  item  of  freight 
has  of  late  years  been  the  cause  of  a  serious  curtailment  of  the 
use  of  this  type  of  road.  There  have  been  cases  where  brick  roads 
close  to  brick  plants  cost  about  as  much  as  at  greater  distances 
but  this  is  an  artificial  condition  due  to  lack  of  competition  and  tc 
the  manipulation  of  sale  price,  situations  which  are  likely  tc 
develop  with  any  material.  Well-manufactured  paving  brick  h 
an  excellent  surfacing  material,  as  the  pavement  is  pleasing  ir 
appearance,  having  a  warm,  neutral  tone;  it  is  a  safe  surface  fo 
high-speed  travel;  it  absorbs  very  little  moisture  and  has  n< 
tendency  to  push  into  humps  or  waves.  For  rural  highway 
conditions,  however,  the  initial  cost  is  usually  so  much  highe 
than  other  acceptable  types  that  it  is  rarely  selected  on  the  score  o 
economy  under  moderate  traffic,  and  where  it  is  used  (largely  fo 
portions  of  rural  roads  passing  through  village  business  streets 
the  selection  is  based  on  the  factors  of  extremely  heavy  traffic 
appearance,  and  local  preference  for  the  type.  It  seems  a  pit; 
that  such  an  excellent  material  has  been  so  badly  handicapped  b; 
freights  and  by  an  adherence  to  a  form  of  brick  which  may  perhap 
be  modified  to  advantage  for  rural  highway  conditions.  The  siz 
of  the  proposed  highway  program  demands  the  use  of  all  availabL 
materials,  and  clay  products  are  so  widely  distributed  that  it  seem 
ridiculous  not  to  make  more  use  of  this  excellent  material.  Som 
attempts  have  been  made  to  modify  brick-pavement  practice  t< 
make  it  more  applicable  for  the  ordinary  rural  road.  Thes 
attempts  have  not  been  entirely  successful  but  show  sufficien 
promise  to  warrant  more  serious  consideration  of  modifications  ii 
practice.  The  cube  method  is  described  on  page  516.  Reductioi 
in  thickness  of  paving  brick  is  receiving  attention  and  there  is  con 
siderable  evidence  of  successful  progress  along  this  line  of  modifyinj 
old  style  practice  particularly  for  moderate  traffic  conditions. 

Standard  4"  brick  pavements,  including  base,  cost,  for  initial  con 
struction,  from  $3.50  to  $5.00  per  square  yard,  1926  cost  conditions 
the  yearly  maintenance  has  a  wide  range  due  to  all  sorts  of  condi 
tions,  but  probably  falls  between  0.3  to  4  cts.  (1.5  average)  pe 
square  yard.     The  cost  of  surface  renewal  distributed  over  the  lif 
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of  the  pavement  is  probably  about  10  to  16  cts.  per  square  yard  per 
year  for  rural  highway  conditions  on  primary  roads  carrying  over 
4000  vehicles  daily.1  A  reasonable  surface  life  for  heavy-traffic 
roads  constructed  of  this  type  is  probably  about  12  to  18  years, 
although  there  are  many  cases  which  do  not  fall  within  these  limits 
(see  Chap.  VII). 
There  are  three  general  types -of  brick  pavement: 

1.  Monolithic  base  and  top  with  cement-grout  joint  filler. 

2.  Semimonolithic  type  with  cement-concrete  base,  cement- 
;and,  or  bituminous-sand  cushion  and  either  cement-grout  or 
Dituminous  joint  filler. 

3.  "Rolled  base"  with  some  type  of  macadam  or  gravel  base 
surfaced  with  brick  having  either  bituminous  or  cement-grout  joint 
iller. 

The  monolithic  type  is  constructed  by  laying  the  brick  on  the 
^reen  concrete  base  having  a  skim  coat  of  cement  sand  before  the 
)ase  has  set;  in  this  way  a  fairly  good  bond  between  base  and  top 
:ourse  of  brick  is  obtained.  The  purpose  of  this  construction  was 
o  produce  a  monolithic  slab,  and  by  this  means  reduce  the  neces- 
ary  depth  of  concrete  base.  It  has  not  proved  as  effective  as  its 
>riginators  hoped.  The  semimonolithic  is  the  best-known 
onstruction;  it  depends  largely  for  its  strength  on  the  concrete 
>ase,  which  is  constructed  and  allowed  to  set  before  the  surface  is 
onstructed.  On  this  base  an  evener  cushion  of  sand  or  a  mixture 
if  sand  and  cement  or  bitumen  and  sand  is  spread,  and  the  brick 
urface  laid  and  filled  with  either  cement  grout  or  bitumen.  The 
'rolled-base"  type  is  essentially  the  same  as  the  semimonolithic, 
xcept  that  macadam  or  gravel  is  substituted  for  the  cement-con- 
rete  base. 

The  monolithic  type  should  be  used  with  caution,  in  northern 
limates  at  least,  as  it  does  not  seem  to  meet  conditions  as  well  as 
he  second  class.  The  rolled-base  type  should  be  used  with 
aution  under  extremely  heavy  traffic,  and  even  under  moderate 
rarfic  it  has  some  disadvantages,  due  largely  to  the  shape  of  the 
tandard  block.  The  best  type  of  brick  pavement  appears  to  be 
he  second  class  noted  above. 

If  the  second  class  (semimonolithic)  is  used,  there  is  considerable 
isagreement  between  engineers  in  regard  to  the  use  of  cement- 
and  cushion  as  against  bituminous-sand  cushion  and  in  regard 
3  the  use  of  cement-grout  fiUer  as  against  bituminous-mastic  filler, 
assuming  that  the  base  is  strong  enough  to  prevent  failure  due 
3  weakness  of  the  pavement  and  that  the  brick  are  uniformly  well 
lanufactured  and  stand  the  traffic  pounding,  the  surface 
efects  which  develop  are  due  either  to  temperature  cracking 
blow-ups  or  spalling  at  joints.  Cracking  and  blow-ups 
re  reduced  by  the  use  of  bituminous  filler  in  place  of  grout 
ller;  joint  spalling  is  reduced  by  the  use  of  cement-grout  filler. 
Ixcellent  pavements  can  be  constructed  by  either  method.  In 
illages  where  appearance  is  a  large  factor,  and  where  it  may  be 
ecessary  to  take  up  areas  of  pavement,  the  author  personally 
ivors  the  cement-sand  cushion  with  bituminous  joint  filler.     On 

1  These  renewal  costs  are  based  on  a  maximum  permissible  Vialog  rating 
250"  per  mile  without  excessive  ordinary  maintenance  charges. 
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rural  highways  outside  of  villages  where  appearance  is  not  such  a 
large  factor,  the  author  prefers  the  cement-sand  cushion  with 
cement-grout  filler,  as,  while  a  small  percentage  of  cracks  will 
occur,  the  pavement  is  not  seriously  damaged  its  riding  quality 
for  high-speed  traffic  is  bettered  and  joint  wear  reduced.  Recent 
tests  on  the  Bates  Road  (1922)  seem  favorable  to  the  bituminous 
sand  cushion.  Recent  tests  (1926)  U.  S.  Office  of  Public  Roads 
are  summarized  as  follows. 

Conclusions  Indicated  by  the  Investigation. — The  several  parts  of  the 
investigation  have  now  been  completed  and  the  analysis  of  the  data  obtained 
seem  to  warrant  certain  conclusions,  among  which  the  more  important  are: 

1.  That  2^-in.  brick  of  the  quality  used  in  the  Arlington  traffic  tests, 
when  properly  supported,  will  prove  satisfactory  for  pavements  carrying 
the  heavier  types  of  traffic. 

2.  That  brick  of  2-in.  thickness,  when  properly  supported,  and  of  the 
quality  used  in  the  tests,  will  be  adequate  for  pavements  on  streets  carrying 
the  lighter  types  of  traffic. 

3.  That  a  bedding  course  of  plain  sand  is  more  effective  in  reducing  break- 
age of  brick  than  a  cement-sand  bedding  course,  the  breakage  being  much 
less  on  the  former  than  the  latter.  The  depth  of  the  sand  bedding  course 
should  not  greatly  exceed  %  m-  Increasing  the  depth  tends  to  produce 
roughness  in  the  pavement. 

4.  That  cobbling  of  the  brick  is  greatly  increased  as  the  spacing  between 
bricks  is  increased. 

5.  That  the  use  of  excessive  quantities  of  asphalt  filler  is  a  common  anc 
serious  fault  in  construction,  unnecessarily  increasing  the  cost  and  resulting 
in  a  condition  which  impairs  both  the  appearance  and  the  serviceability  o" 
the  pavement. 

6.  That  base  construction  of  other  than  the  rigid  type  may  in  many  case: 
prove  entirely  satisfactory.  Macadam  bases  and  those  constructed  o. 
certain  types  of  natural  earth  appear  to  be  suitable  when  the  local  condition 
are  such  that  these  types  of  construction  maintain  their  stability  throughou 
the  year. 

7.  That  no  difference  in  the  base  construction  is  necessary  for  the  differen 
thicknesses  of  brick. 


Considering  the  fact  that  brick  surfaces  are  an  expensive  typi 
which  can  only  be  economically  justified  under  heavy  traffic 
it  is  most  certainly  desirable  to  use  only  the  best  of  materials  ii 
the  construction.  The  depth  of  the  base  should  be  amply  stroni 
when  first  constructed,  as  it  is  poor  policy  to  take  a  chance  on  deptl 
failure  for  this  type.  Materials,  details  of  design,  and  inspectioi 
are  outlined  on  page  508. 

Brick-paving  practice  is  going  through  a  transition  stage  ii 
the  same  way  as  concrete-paving  practice,  due  to  the  radica 
difference  in  service  demanded  by  modern  motor  traffic  on  rura 
highways  as  contrasted  with  the  old  horse-drawn  vehicles,  and  an 
statement  of  recommended  practice  is  tentative  at  best. 

Recommended  Designs. — The  following  designs  can  be  use*  I 
with  an  assurance  of  reasonable  success.     They  represent  conserva 
tive  practice  for  localities  having  a  gross  vehicle-load  limitation  c 
28,000  lb. 

Suitable  Materials. — Suitable  materials  for  macadam  and  cemen 
bases  are  the  same  as  discussed  under  Macadam  Pavement 
(pp.  429  to  449)  and  under  Asphaltic-concrete  Pavements  (p.  492} 

Brick  (Size). — The  size  of  standard  paving  block  is  usually  spe 
cific  as  between  S/4"  wide,  3%"  deep  by  8^"  long  and  3)^"^^ 
by  4"  deep  by  9"  long.     For  any  particular  size  used  on  singl 
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jobs,  the  maximum  difference  in  depth  should  not  exceed  W, 
in  width  }£",  and  in  length  3^2  "•  Kiln  marks  over  %4"  in  height 
cause  the  rejection  of  individual  brick.  If  the  brick  have  rounded 
edges  they  should  not  exceed  /■{e"  radius  (square  brick  are  pref- 
erable where  a  cement-grout  filler  is  specified).  Wire-cut  or 
pressed  lugs  on  one  side  of  the  brick  should  produce  a  separation  of 
the  block  of  at  least  %"  and  not  over  Y±' .  This  standard  size 
produces  a  very  effective  and  handsome  pavement  on  village  or 
city  streets  and  on  Class  I  traffic  rural  highways.  There  is,  how- 
ever, a  growing  need  for  a  smaller  unit  for  resurfacing  worn-out 
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(See  Chap  2) 
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168A. — Recommended  design  (cement  grout  joints.) 


Cement  Concrete  Base 1-3 "S-Mix. 

Uniform  Thickness  6  "to  8  "  \  (Se%cl?ap£ ) 
\     Table  25 J 
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Am/  required  depth 
See  Chapter  B 
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3  Porous  Tile 
Weeps,  spaced 30 


,  "«£   Underdrain 
L£  in  Wet  Soils 


Fig.   1 685. — Recommended  design  (bituminous  joints). 

macadam  and  concrete  pavements,  particularly  on  grades  of  more 
than  4%    where   asphaltic-concrete   pavements   are   not   entirely 
satisfactory  because  of  the  tendency  of  motors  to  skid  in  damp 
1  weather.     Whether  this  need  will  be  met  by  small  stone  blocks  or 
by  thin  brick  or  brick  cubes  is  still  in  doubt  and  will  depend  very 
argely  on  the  general  attitude  of  the  stone-block  and  brick-paving 
manufacturers  in  producing  an  acceptable  grade  of  cube  at  a  reason- 
{  ible  cost.     The  standard  4"  block  is  not  only  very  clostly  for  such 
onditions  but  also  introduces  too  much  change  in  surface  elevation, 
particularly  where  a  contracted  section  in  cut  with  gutter  is  used. 
A  considerable  yardage  of  pavement  constructed  of  brick  of 
itandard  surface  dimensions  but  with  a  3"  depth  has  been  laid  in 
in  effort  to  reduce  freight  costs  on  the  materials.     There  is  con- 
siderable doubt  as  to  the  advisability  of  reducing  depth  dimen- 
4  l.ions  where  the  width  and  length  remain  the  same,  as  it  unbalances 
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the  resistance  of  the  block,  particularly  over  a  macadam  base,  and 
for  heavy-traffic  roads  this  expedient  may  well  be  used  with 
caution.  Special-shaped,  grooved  blocks,  known  as  hillside  brick, 
are  used  on  steep  grades. 

Quality. — Paving  block  are  manufactured  of  special  mixtures  of 
clay  or  shale.  Most  pavers  are  a  shale  product,  although  very  good 
brick  can  be  manufactured  by  a  well-controlled  clay  mixture. 
The  essential  qualities  of  the  finished  product  are  that 
the  brick  shall  be  well  annealed,  tough  and  evenly  burned,  and  free 
from  laminations,  voids,  and  cracks.  When  broken,  they  must 
show  a  uniform,  stone-like  fracture.  There  are  two  general  types, 
the  wire-cut  brick  and  the  repressed  brick.  The  consensus  of 
opinion  among  engineers  seems  to  favor  the  wire-cut  method,  as  the 
brick  is,  perhaps,  less  likely  to  show  laminations.  The  wire-cut 
block  also  has  the  square  edge,  which  is  desirable  where  cement 
grout  is  used  as  the  joint  filler,  as  there  is  less  liability  for  the 
grout  to  chip  out. 

Where  bituminous  joint  filler  is  used,  a  well-manufactured 
wire  cut  brick  without  lugs  is  generally  specified. 

All  paving  materials  are  subject  to  tests  for  toughness  and  absorp- 
tion, and  in  some  cases  to  the  rupture  test  for  cross-breaking, 
although  the  last  'test  is  hardly  necessary  for  the  standard-size 
block.  Toughness  is  determined  by  the  rattler  test  described  on 
page  715.  The  maximum  loss  by  abrasion  in  this  test  is  usually 
set  at  24%  for  heavy-traffic  roads  and  the  maximum  absorption  at 
2,x/2%'  Modulus  of  rupture  is  to  be  not  less  than  2000  lb.  per  square 
inch  computed  by  the  formula 

p  WL 

in  which  R  =  modulus  of  rupture. 

W  =  load  in  pounds  which  produces  rupture. 
L  =  length  between  supports  (6"). 
b  =  width  of  brick,  in  inches. 
d  =  depth  of  brick,  in  inches. 

Cushion  Sand. — The  plain  sand  cushion  is  going  out  of  use  ir 
favor  of  either  the  cement-sand  or  bituminous-sand  cushion 
Where  a  sand  cushion  is  used,  it  must  be  free  from  pebbles  and  fairl> 
clean.  A  common  specification  calls  for  100%  passing  a  6  sieve 
90%  passing  a  20  sieve,  and  not  over  10%  of  loam  or  silt.  Unsatis 
factory  portions  of  many  brick  pavements  have  been  directl} 
traceable  to  poor  cushion  and  to  careless  manipulation,  whicr 
resulted  in  the  sand  working  up  between  the  brick  and  preventing 
proper  grout  penetration. 

Where  the  cement-sand  cushion  is  used,  a  first-class  concrete 
sand  containing  not  over  8%  of  loam  is  required;  the  usual  mis 
for  this  type  of  cushion  is  1  part  cement  to  4  of  sand,  which  gives 
the  necessary  stiffness  to  prevent  flowing  of  the  cushion. 

Where  bituminous-sand  cushion  is  used,  the  sand  should  be 
clean,  coarse  concrete  sand  mixed  with  about  4  to  6%  of  bitumer 
of  the  proper  grade  (see  page  1399). 
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Grout  Sand. — Must  be  a  clean,  sharp  concrete  sand  containing 
not  over  5%  of  loam  or  silt.  A  common  specification  requires 
100%  passing  a  12  sieve  and  not  over  40%  passing  a  50  sieve.  A 
mixture- of  1  part  cement  to  1  part  grout  is  often  specified.  The 
National  Brick  Manufacturers  recommend  1  part  cement  to  1^ 
parts  sand. 

Bituminous  Filler. — Either  asphalt  or  tar-pitch  filler  can  be 
successfully  used  for  Specifications  (see  page  1401). 

Amounts  of  Materials. — The  amounts  of  material  for  macadam 
bases  are  given  under  Macadam  (p.  441),  and  for  concrete  bases 
on  page  495. 

Brick  is  usually  purchased  by  the  square  yard  finished  pavement 
on  account  of  culling,  etc.,  so  that  the  number  of  brick  per  square 
yard  is  of  little  value.  In  case  brick  is  purchased  by  the  1000, 
the  following  table  from  Blanchard  will  be  of  use.1  Ordinary 
standard  paving  block  3^  by  4  by  9"  lay  about  40  to  the  square 
yard. 


Size  of  brick 


Number  of  brick 

per  square  yard 

M"  joint 


2^  by  8      by  4  laid  flat 

2M  by  S1^  by  4  laid  edgewise 
3/4  by  8}^  by  4  laid  edgewise 
2M  by  8} '2  by  4  laid  edgewise 
3      by  9       by  4  laid  edgewise 


67 
65 
45 
57 
46 


Grout. — One  barrel  of  cement  will  grout  approximately  36  sq.  yd. 
of  standard  4"  depth  block  with  grout  mixed  1:1. 

Expansion  Joints. — Premolded  joints  purchased  by  the  linear 
foot  are  usually  used.  In  case  the  joints  are  poured,  1  bbl.  of 
paving  pitch  will  nil  approximately  130  lin.  ft.  of  joint  1"  wide  and 
4"  deep. 

Design. — Design  covers  selection  of  type  of  pavement  (mono- 
lithic, semimonolithic,  or  rolled  base),  depth  of  base,  type  of  brick 
surface  (grouted  or  bituminous  filled),  type  of  cushion  (cement 
sand,  bituminous  sand  or  plain  sand),  width,  and  crown  of 
pavement. 

Type. — As  previously  discussed,  the  semimonolithic  on  cement- 
concrete  base  is  the  type  probably  entitled  to  most  consideration 
for  heavy-traffic  rural  highways. 

Depth  of  Base. — If  a  macadam  base  is  used,  the  design  of  depth 
is  quite  definite,  as  discussed  on  page  391.  If  the  cement-concrete 
type  of  base  is  used,  any  existing  formula  is  speculative  to  say  the 
least,  and  experience  is  the  best  guide.  Experience  can,  however, 
be  expressed  in  the  form  of  tentative  formulas,  as  developed  on 
pages  421  to  427. 

1  Blanchard,  "Highway  Engineering." 
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Adequate  depths  of  macadam  base  under  heavy  traffic  depend 
on  the  foundation  soil  and  range  from  8  to  24",  using  Formula  (2), 
(p.  384),  with  a  wheel  load  of  14,000  lb.  (28,000-lb.  gross  static 
vehicle  load)  and  assuming  that  a  bituminous-filled  brick  top  is 
equivalent  to  2"  of  macadam. 

Adequate  depths  of  cement-concrete  bases  depend  on  the  richness 
of  the  mix  of  the  concrete  base,  on  whether  the  pavement  is  of  the 
monolithic  or  semimonolithic  type,  and,  if  of  the  semimonolithic 
type,  whether  the  surface  is  grout  filled  or  has  a  bituminous  filler. 

\     p2-3Cen°*.fe\j    LthCrvnni-f    \A-V,tnUdB^k.""'furteri5ondBed 
*'  ■  ^^rrnjfc^333^fc!tJ  jggggg  '  ■'„  '  ggg| 

— -^^:-/6-0[— -ik—  SO-  , 

P  "'""vitr'rfied'BiociL  ~" ** 

Fig.   i 69 A. — Standard    brick    pavement.     State    of    Pennsylvania 

(1922). 

Current  practice  generally  uses  a  4"  depth  of  cement  concrete 
with  4"  brick  for  the  monolithic  type,  and  for  the  semimonolithic 
type,  with  concrete  ranging  in  mix  from  1 : 3 : 6  to  1 :  2 : 4,  the  depth  of 
base  ranges  from  5  to  8"  with  slightly  greater  depth  for  bituminous- 
filled  brick.  Tentative  formulas  developed  on  page  421  indicate 
that  for  rural  highway  conditions  (28,000-lb.  gross  vehicle  load), 
using  the  recommended  semimonolithic  type  with  a  base  mix  of 
1 :  2^ :  5,  a  depth  of  6  to  7"  for  grout-filled  surface  and  7  to  8"  for 
bituminous-filled  surface  will  be  satisfactory. 

l- sn'-n"  ..... >«  JEigelbmSf 

C, igif^-- '-'- %Z- ----&o'~. P,]  £*4-/M. 

n       ^Jgur-.    J<yntFi''?r-(ementG>?vtcrditcn:'rmsMdct!)rassp!rf*d,3/4  Cement-Sand  -*$ii,£xponsionjoinr 

*  n  <*    a  .P  j  4*  'fbvtnqdnch  \  i,' :'         Cushion  1:4 Mix  .-ttLV  .£,./a  cl~   ij  ^ 

fafhMMf^JL^AX^v  {    i    i    i    i    i_j_j_j    i    i   ji    i    ii-,i    iii    i    i    i  ,i    i  ^ |.r  ' ™s~  y  ?''%? 

lof-*-V&?^-'li,' '"  'C'\-'v--''\rw'v  o"  v"  V  //.v-  jjm&£ '" '  "  "'  •*'*'"'  ,'''"'  ,''',,'  i 
4    J>  I  Bituminous  Expansion  Joint  (,CaKreteroi.ndat,onl-3SMy. 

4  trten  specified  4}t6  ttexhrOjrb 

To  be 1:2:4  RrHandGemeai*. 
Concrete  with  ■&  'Store  for 

B;    -    x.  Coarse  Agoregate.Concrete  to  be> . 

r  I  V  H  plocedinnoajsemorethaifSm/n^ 

after  fourdc  '*cn  has  beenphcedf' 
sons  to  form  an Integral thseanj 
Curbing, 

Fig.    1695. — Standard    brick    pavement.      State    of    New    Jersey 

(1922). 

Expansion  and  Contraction. — Bituminous-filled  brick  surfaces 
do  not  require  any  special  provision  for  temperature  stresses. 

Cement-grout-filled  brick  require  longitudinal  joints  along  curb 
or  edging.  Premolded  bituminous  strips  are  the  best  type  of  joint. 
A  joint  width  on  each  side  of  3^  "  is  sufficient  for  rural  roads  up  to 
20';  for  wider  streets,  20  to  30',  %"  width;  and  for  greater  widths, 
1". 

Transverse  joints  are  rarely  used  and  appear  to  be  detrimental; 
infrequent  blow-ups  may  better  be  permitted.  Where  these  joints 
are  used  they  are  generally  spaced  at  50'  intervals  and  have  a  W 
thickness. 
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Width  and  Crown. — Widths  are  the  same  as  for  any  rigid  rural 
pavement  (pp.  130  and  6).  Widening  on  curves  is  desirable. 
Where  a  state  highway  with  a  large  volume  of  traffic  passes  through 
villages,  30'  is  satisfactory  for  resident  streets  and  40  to  6o'  for 
business  streets.  The  crown  usually  used  for  18  to  20'  rural  roads 
is  a  circular  arc,  }£"  per  foot  for  grouted  brick  and  %"  per  foot  for 
bituminous  filled;  banking  on  curves  is  given  (p.  127).  Village- 
street  crowns  are  indicated  (p.  505).  The  straight-line  crown  is  to 
be  avoided,  as  discussed  on  page  474  (Concrete  Pavements). 

Steep  Grades. — Hillside  brick  should  be  used  on  grades  over  5% 
for  grouted  surfaces  and  on  grades  over  8%  for  bituminous-fified 
brick  where  horse  traffic  must  be  considered. 

Specifications. — See  Part  III  (p.  1476). 

Equipment. — See  Chap.  XV. 

Inspection  Details. — See  Chap.  XVI  (p.  1330). 

General  Maintenance  Methods. — See  Chap.  VII  (p.  569). 

Asphalt-block  Pavement 

Asphalt-block  pavements  are  an  excellent  type  for  extremely 
heavy  Class  I  traffic,  particularly  where  roads  of  this  class  pass 
through  villages  and  the  grades  are  not  steeper  than  about  4%. 
The  pavement  shows  a  smooth,  uniform  surface,  dustless,  and  prac- 
tically noiseless.  Its  life  probably  lies  between  15  and  20  years, 
depending  on  the  quality  of  block.  Failures  that  occur  in  shorter 
time  are  generally  due  to  inferior  block.  The  quality  of  block  is 
important.  A  mist  or  light  rain  makes  the  pavement  very  slippery 
on  grades  of  over  4%.  Within  a  reasonable  freight  radius  of  the 
point  of  manufacture  this  pavement  costs  about  the  same  as  brick 
for  original  construction.  It  is  used  as  a  surfacing  on  both  con- 
crete and  macadam  bases.  This  type  of  pavement  should  be  used 
with  caution  on  macadam  bases,  as  it  is  an  expensive  surface  and 
its  form  is  not  so  applicable  to  use  on  top  of  macadam  as  the  sheet- 
asphalt  type. 

The  asphalt-block  pavement  laid  on  New  York  State  rural 
highways  has  been  very  satisfactory.  The  proportion  of  ingre- 
dients is  about  70%  crushed  rock,  usually  trap,  which  has  passed  a 
}/±'  ring,  about  20%  limestone  dust  to  act  as  filler,  and  approxi- 
mately 10%  of  asphaltic  cement,  molded  under  a  pressure  of  2 
tons  per  square  inch  of  block  having  a  2"  depth  This  produces 
a  dense  asphalt  much  superior  to  the  ordinary  sheet.  The  asphalt 
used  is  Trinidad.  This  is  refined  and  fluxed  so  that  the  resulting 
asphaltic  cement  may  be  varied  as  to  adhesiveness,  penetration, 
etc.,  to  meet  varying  conditions  peculiar  to  different  localities.  The 
penetration  is  made  high  enough  to  give  a  certain  amount  of 
pliancy  to  the  block,  to  avoid  crumbling  at  the  edges,  and  to 
make  the  joints  self-healing. 

The  use  of  blocks  containing  steel  anchors,  laid  across  the  road 
approximately  15'  apart,  has  eliminated  any  movement  of  the 
block  under  traffic.  These  blocks  are  placed  at  more  frequent 
intervals  on  curves.  Block  pavements  have  been  laid,  using  a 
longitudinal  row  of  these  anchor  blocks  in  place  of  edging.     The 
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results  appear  satisfactory,  although  under  these  conditions  it  is 
probably  desirable  to  thicken  the  base  at  the  edge. 

After  the  base  is  prepared  a  mixture  of  i :  4  Portland  cement 
mortar  is  spread  }/i"  thick.  This  mortar  bed  is  carefully  screeded 
and  the  block  laid  thereon,  joints  being  broken  at  least  4". 

An  interesting  comparison  with  brick  occurs  in  the  "pinning  in" 
curbs.  Instead  of  bats  being  broken  by  hand  a  large  mechanical 
shear  is  used.  Each  fractional  block  is  measured  and  cut  to  fit 
exactly. 

After  being  laid,  the  pavement  is  given  a  light  coat  of  sharp  sand, 
which  is  broomed  into  the  joints.     Traffic  is  permitted  in  4  or  5  days. 


-Morfprdeo/: 


'Foundation 
Fig.  170. — Anchor  block  detail. 
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Any  necessary  depth  (See  Chop  1) 

Fig.   171. — Recommended  design  asphalt  block. 

Advantages. — The  pavement  shows  a  smooth,  uniform  surface, 
dustless  and  practically  noiseless.  Its  life  on  rural  highways  has 
yet  to  be  determined.  Pavements  that  have  been  down  10  or  15 
years  are  still  in  good  shape.  Within  a  reasonable  freight  radius 
from  the  point  of  manufacture,  it  can  be  laid  for  approximately  the 
cost  of  brick. 

Disadvantages. — A  mist  or  light  rain  makes  the  pavement  very 
slippery.     It  should  not  be  used  on  grades  of  over  4%. 

Recommended  Design. — The  following  recommended  design  is 
for  conservative  practice  in  localities  having  a  gross  vehicle-load 
limitation  of  28,000  lb. 
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Suitable  Materials. — Materials  for  concrete  base  are  the  same 
as  discussed  under  Asphaltic  Concrete  (p.  492). 

The  block  itself,  being  a  manufactured  product  generally  laid 
under  a  guarantee,  cannot  be  too  definitely  described  in  a  general 
specification.  It  is,  perhaps,  just  as  well  to  specify  trap-rock 
stone  aggregate  where  this  is  available,  as  such  blocks  apparently 
wear  considerably  better  than  the  softer  limestone  blocks.  Well- 
manufactured  blocks  using  stone  aggregate  with  a  per  cent  of  wear 
of  5  or  less  will  probably  be  satisfactory;  the  consistency  of  the 
bituminous  binder  had  better  be  left  to  the  manufacturer  so  long 
as  he  understands  the  traffic  and  climatic  conditions  to  be  met. 
An  example  of  the  ordinary  specifications  is  given  page  1474. 

Amounts  of  Materials. — Amounts  for  bases  are  the  same  as  given 
under  Asphaltic  Concrete  Pavements. 

Design. — The  design  of  base  thickness,  width,  and  crown  is  the 
same  as  for  asphaltic  concretes  (p.  497). 

Equipment  and  General  Methods. — Brick-paving  equipment  and 
methods  apply. 

Inspection  Details. — Inspection  is  essentially  the  same  as  for 
brick-pavement  work. 

Specifications. — See  pages  1474  to  1476. 

LESS-USED  PAVEMENTS 

The  text  on  the  following  pavements  is  condensed,  as  they  are 
at  present  used  for  comparatively  small  yardage  under  special 
conditions.     The  specifications  give  essentials  (see  page  1479). 

Wood-block  Pavements 

Wood  block  can  be  rarely  used  to  advantage  on  rural  highways. 
In  exceptional  cases  they  can  be  considered.  Specifications  are 
given  on  page  1479. 

3&>r4' 'Wood 'Block ■Fbveimnf    4}'or5'£stone Block Fbvement        ,lnCementSand  Cushion  1:4  mix. 
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WOODBLOCK  STONE   BLOCK 

Fig.   172. — Recommended  design.     Stone  and  wood  block. 
Stone -block  Pavements 

Stone-block  pavements,  on  account  of  their  high  first  cost  and 
somewhat  irregular  surface,  are  uncomfortable  for  high-speed  traffic. 
They  are  generally  specified  on  rural  highways  only  on  steep-grade 
Class    I    traffic    roads    where    the    normal    pavement   adopted   is 
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too  slippery  for  safety.  For  these  conditions  these  pavements 
offer  the  best  possible  and  most  economic  solution,  considering 
service  and  final  cost.  Specifications  are  given  on  page  148 1.  The 
following  recommended  design  is  conservative  practice  for  Class  I 
roads. 

Small  Stone-block  Surfacing. — In  Germany,  Hungary,  Austria, 
and  England  a  surfacing  made  of  granite  blocks,  ranging  in  size 
from  2^"  to  4",  has  been  used  successfully.  This  pavement  is 
known  as  "  Kleinpflaster"  in  Germany  and  as  "Durax"  armoring  in 
England.  The  stone  cubes  must  be  cut  with  considerable 
accuracy  in  order  to  give  a  smooth  and  durable  surface. 

The  blocks  are  laid  on  a  thin  sand  cushion  of  about  %"  depth, 
on  either  a  macadam  or  concrete  foundation;  they  are  thoroughly 
rammed  to  give  a  firm  bearing  and  the  joints  filled  with  either  clean 

.Jo>rjt  F/IIer- Cement  Grout 'or Bituminous  Mortar -as specified 
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STONE   BLOCK 
Fig.   173. — Standard  section,  State  of  New  Jersey  (1922). 

sand  flushed  in  or  a  bituminous  filler.  The  joints  do  not  exceed 
}£"  in  width.  The  courses  of  cubes  are  laid  either  diagonally  to  the 
direction  of  the  traffic  or  in  concentric  rings. 

Where  the  stone  is  broken  by  hand  the  cost  is  high,  and  it  would 
be  impossible  to  consider  its  use  for  rural  roads  in  this  country. 
A  machine1  has,  however,  been  developed  in  Europe  for  breaking 
these  cubes  which  is  claimed  to  produce  a  satisfactory  product  at  a 
reasonable  rate.  It  is  a  belt-driven  friction  drop  hammer  having 
a  stone  chisel  mounted  on  the  anvil;  the  hammer  head  is  shaped 
like  a  stonecutter's  sledge.  About  i^i  hp.  is  needed  for  each 
machine. 

About  400  of  these  machines  are  in  operation,  and  a  plant  in 
Sweden  is  turning  out  700,000  sq.  yd.  of  pavement  per  year  with 
62  machines. 

Provided  the  stone-cube  surface,  exclusive  of  base,  can  be  laid 
for  $3  to  $4  per  square  yard,  it  seems  a  type  that  must  be  seriously 
considered  on  steep-grade  Class  I  traffic,  particularly  for  resurfacing 
old  pavements  under  reconstruction  programs.  A  price  as  low  as 
this,  however,  would  probably  necessitate  the  use  of  convict 
labor  in  the  manufacture  of  the  cubes. 

McClintock  Cube  Pavements 

This  is  a  patented  pavement  devised  by  J.  Y.  McClintock,  County 

Engineer  of  Monroe  County,  New  York.     The  patent  has  run  out 

1  A  detailed  description  of  this  machine  is  given  in  Eng.  News,  Mar.  27, 
1912. 
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and  it  is  available  for  use  without  the  drawbacks  of  patent  limi- 
tations. It  is  very  similar  to  "Kleinpflaster,"  except  that  under  his 
patent  artificial  cubes  as  well  as  stone  cubes  are  proposed.  It 
appears  to  be  a  very  promising  type. 

The  construction  is  essentially  as  shown  in  Fig.  1 74  and  consists 
of  a  top  course  of  2  34"  cubes  placed  on  a  thin  sand,  cement-sand, 
or  bituminous  cushion  supported  by  either  a  macadam  or  a  concrete 
base.  The  cubes  have  been  made  of  concrete,  vitrified-paving- 
brick  material,  and  stone  as  in  Continental  practice. 

They  are  loaded,  hauled,  and  dumped  like  broken  stone;  laid  in 
close  contact  by  means  of  a  pallet  and  rake,  128  at  a  time  on  a 
sand  cushion  }£  to  %"  thick,  no  care  being  taken  to  break  joints. 
They  are  then  rolled  to  bring  to  an  even  and  firm  bearing;  the 
joints  are  filled  with  a  sandy  loam  and  the  surface  treated  with  a 
light  coat  of  light  road  oil  or  cold  tar  if  the  foundation  is  macadam. 
The  joints  are  grouted  if  the  foundation  is  concrete.  Temporary 
shoulders  of  2"  plank  are  put  down  during  the  laying  of  the  cubes, 
after  which  they  are  removed  and  replaced  with  broken  stone  or 
gravel  as  shown  in  Fig.  174. 

/"  ^  t 

GrnvetorShne    %  Cubes:  ^T3 

Shoulders     \  y --./stoie''       3;%Fr--^-3 

I      Macadam 
Foundation 

Fig.   174. — Typical    section    cube    pavement    on   macadam    base. 

The  experience  of  the  past  13  years  has  shown  that  this  form  of 
construction  using  a  sand-tarred  joint  is  flexible  under  frost  action, 
which  makes  it  suitable  as  a  surfacing  on  a  macadam  base.  It 
keeps  its  shape  under  traffic  and  shows  no  tendency  to  ravel  or  break 
down  at  the  edges,  and  can  be  successfully  held  with  a  macadam 
or  gravel  shoulder  without  the  formation  of  a  rut  along  the  edge, 
which  is  a  difficulty  always  encountered  where  a  rigid  edging  is 
designed.  It  gives  a  satisfactory  surface  in  both  wet  and  dry 
weather  and  can  be  laid  late  in  the  season.  The  cubes  require  com- 
paratively little  inspection  and  can  be  successfully  used  as  patches  in 
maintenance  with  simple  manipulations.  They  reduce  the  tonnage 
and  freight  cost  where  imported  materials  are  required.  The 
cubical  form  simplifies  laying  and  makes  a  well-balanced  block  to 
resist  rupture.  This  type  is  essentially  the  macadam  type, 
with  a  perfect-shaped  macadam  unit,  the  cube.  Concrete  cubes 
have  not  served  satisfactorily,  failing  in  spots,  but  this  is  to  be 
expected,  as  it  is  not  a  reliable  material  for  a  road  surfacing  of  this 
nature  (that  is,  for  such  small  units).  Vitrified-shale  cubes  with 
wide  sand  joints  laid  on  a  macadam  base  have  shown  ability  to 
stand  medium  traffic.  Vitrified-shale  cubes  with  close  tarred  joints 
laid  on  a  thick  macadam  base  serve  very  satisfactorily  under  moder- 
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ately  heavy  traffic,  and  these  cubes  laid  on  a  concrete  foundation 
and  grouted  meet  all  but  the  heaviest  traffic  satisfactorily. 

Consider  briefly  the  present  tendencies  in  highway  construction. 
There  are  two  distinct  types:  the  flexible  form,  represented  by  the 
macadams,  and  the  rigid  types,  such  as  brick,  asphalt,  stone  block, 
etc.,  having  concrete  foundations.  Each  has  a  distinct  field  and 
their  relative  economy  depends  largely  on  the  traffic. 

It  is  sufficient  for  this  discussion  to  note  that  macadams  are  suit- 
able for  light  and  medium  traffic  (Classes  II  and  III),  that  they  are 
able  to  withstand  climatic  changes  better  than  the  rigid  pavements, 
and  that  with  a  moderate  yearly  expenditure  they  can  be  kept  in 
good  condition  when  used,  under  the  volume  of  traffic  stipulated. 

They  fail  either  under  high-velocity  traffic  or  heavy  hauling,  the 
first  being  a  surface  failure  and  the  second  a  foundation  failure  for 
most  of  the  roads,  but  a  surface  failure  for  some  which  have  a 
thick,  well-consolidated  base.  That  is,  if  some  better  flexible 
surface  can  be  used  on  a  first-class  macadam  foundation,  this  type 
of  road  will  be  able  to  handle  a  heavier  volume  of  traffic  than  at 
present  with  a  moderate  maintenance  charge.  The  indications  are 
that  the  brick  cubes  with  sand-oiled  joints  will  serve  this  purpose. 

The  rigid  roads  develop  defects  due  to  temperature  changes,  frost 
heave,  and  the  settlement  of  fills.  Subsequent  movement  is 
localized  along  these  lines,  and  eventually  expensive  repair  and 
reconstruction  is  necessary.  Under  heavy  traffic,  however,  the 
cost  is  less  than  for  the  macadam  type  and  the  inconvenience  of 
continual  repairs  is  avoided. 

The  first  cost  of  standard  rigid  pavements  is  so  high  that  designers 
often  hesitate  to  use  them  where  they  are  actually  needed.  If  it 
were  possible  to  reduce  the  cost  and  yet  obtain  practically  the 
same  class  of  improvement  a  larger  mileage  could  be  used  to 
advantage. 

The  indications  are  that  the  brick  cubes  on  a  concrete  foundation 
will  serve  this  purpose  at  a  cost  considerably  less  than  the  present 
paving  brick. 

Highway  designers  do  not  hesitate  to  use  macadam  for  the  light 
traffic  roads  or  expensive  rigid  constructions  for  the  extremely  heavy 
traffic;  the  great  mileage  that  lies  on  the  verge  of  either  form  of 
construction  offers  the  real  difficulty.  It  is  for  this  class  of  road 
that  the  cubes  are  particularly  adapted  by  reducing  the  cost  of 
brick  and  increasing  the  efficiency  of  macadam.  This  applies  also 
to  the  resurfacing  of  concrete  and  macadam  roads  which  on  steep 
grades  is  an  annoying  problem  to  the  highway  engineer. 

It  is  believed  that,  provided  this  type  fulfills  its  present  indica- 
tions, it  will  meet  a  recognized  need  in  highway  construction,  par- 
ticularly in  reconstructive  programs.  For  this  reason  more  space 
than  perhaps  is  justified  has  been  given  to  a  method  which  has  not 
been  tested  out  by  a  large-mileage  construction. 

This  type  of  surface  compares  favorably  in  initial  cost  with 
asphaltic  concretes.  It  is  adaptable  to  manufacture  by  convict 
labor. 


CHAPTER  VII 

MAINTENANCE 

Maintenance  is  more  a  matter  of  business  organization  than  of 
technical  engineering  knowledge.  Reconstruction  is  primarily  an 
engineering  proposition  (see  Chap.  VIII).  Effective  maintenance 
methods  and  the  reasonable  uses  of  different  materials  for  repair 
have  been  quite  well  determined  by  practice.  Existing  flaws  in 
maintenance  practice  are  due  largely  to  insufficient  funds  and 
political  interference  with  the  personnel  of  the  maintenance 
organization.  Of  these  two  difficulties,  lack  of  funds  is  the  most 
serious.  Funds  are  a  legislative  tax  problem  and  a  proper  solution 
always  lags  behind  the  necessities  of  the  situation.  For  years, 
engineers  have  warned  legislative  bodies  that  more  adequate  pro- 
vision must  be  made  for  repair,  but  active  steps  to  provide  such 
funds  have  been  slow  in  developing.  This  is  natural,  as  it  is  diffi- 
cult for  a  non-technical  man  to  appreciate  the  necessity  before  he 
has  some  physical  evidence  to  support  the  statement,  and  such 
evidence  is  only  furnished  by  roads  which  have  gone  to  pieces. 
Modern  conveniences  cost  money,  and  no  expedient  has  yet  been 
devised  to  avoid  "paying  the  piper."  At  the  present  time,  the 
necessity  for  more  adequate  sums  is  receiving  popular  attention 
and  support  in  states  having  improved  systems  of  an  average  age 
of  10  years  or  more,  and  there  is  every  indication  that  remedial 
action  will  be  taken.  Improved  highways  have  demonstrated  their 
worth  so  thoroughly  that  there  is  no  danger  of  any  community 
permitting  them  to  continue  permanently  in  poor  condition. 
Reasonable  legislative  action  depends  on  engineering  estimates  of 
maintenance  and  renewal  costs. 

MAINTENANCE  AND  RENEWAL  COSTS 

There  are  two  general  classes  of  estimate: 

i.  For  drafting  a  general  legislative  tax  program. 

2.  Yearly  budget  estimates. 

The  first  type  of  estimate  requires  consideration  of  future 
conditions. 

The  second  class  states  definitely  the  immediate  requirements  of 
the  situation.  The  first  class  of  estimate  is  subject  to  considerable 
uncertainty  on  account  of  fluctuating  labor  and  material  costs, 
change  in  traffic  volume,  spasmodic  maintenance,  control  of 
truck  loading  and  speed,  etc.,  but  a  reasonably  close  approximation 
can  be  derived  by  an  experienced  maintenance  man.  The  yearly 
budget  estimates  are  an  easy,  definite  problem,  as  they  are  based  on 
actual  physical  evidence. 
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Legislative  Tax  Estimates. — Reliable  estimates  of  the  future  cost 
of  maintenance  and  renewal  depend  more  on  personal  knowledge 
and  personal  records  of  an  experienced  engineer  than  they  do  on  the 
exact  application  of  official  published  reports  of  maintenance  costs. 
Students  may  well  bear  in  mind  that  the  usual  official  report  on 
maintenance  expenditure  is  a  broad  average,  subject  to  misinter- 
pretation due  to  inaccuracies  of  bookkeeping,  inadequate  strength 
of  some  of  the  pavements,  spasmodic  appropriations  for  main- 
tenance, difference  in  age  of  pavements,  difference  in  volume  of 
traffic,  etc.  If  due  allowance  is  made  for  these  factors,  the  values 
finally  adopted  often  depart  considerably  from  published  figures. 

Table  97  (p.  520)  gives  a  basis  for  future  cost  estimates  which 
can  be  used  with  assurance  of  reasonable  accuracy  for  conditions 
similar  to  those  in  New  York  State.  This  is  a  conservative  esti- 
mate, assuming  average  conditions  of  efficiency.  If  the  roads  are 
designed  of  adequate  strength  and  are  maintained  under  an 
unusually  effective  system  of  appropriation  and  personnel,  the 
maintenance  and  renewal  costs  could  probably  be  reduced  about 
20  to  30%  (see  Table  105,  p.  536).  The  data  were  derived  as 
follows : 

In  order  to  avoid  needless  inaccuracies  as  much  as  possible,  this 
discussion  is  based  on  careful  analysis  of  the  records  of  Division 
4,  New  York  State  Department  of  Highways,  of  which  the  author 
has  personal  knowledge,  supplemented  by  general  State  Reports  oi 
New  York  and  Massachusetts.  The  data  are  analyzed  in  two  ways: 
(1)  Reported  average  costs  are  modified  for  average  conditions  01 
age,  strength,  volume  of  traffic,  and  effectiveness  of  maintenance. 
This  analysis  gives  a  good  basis  for  future  estimates  under  prevail- 
ing conditions.  (2)  Typical  individual  roads  are  selected  which 
are  known  to  be  adequate  in  strength  and  have  received  moderatel) 
good  attention;  the  costs  for  these  special  roads  are  tabulated 
This  method  indicates  what  can  be  done  under  good  supervision 
with  adequate  funds.  Division  4  is  selected  for  analysis  as  il 
has  been  used  throughout  this  book  to  illustrate  the  practica 
applicat:on  of  theories  of  finance,  type  selection,  traffic  volume,  etc 

Yearly  Costs  per  Vehicle  Mile. — The  Highway  costs  given  ir 
Table  97  expressed  in  terms  of  vehicle  miles  may  be  roughly  approxi- 
mated as  follows: 


Table  97^ 

Class  of  traffic 

Assumed  aver- 
age daily 
volume 

Average  cost 

of  maintenance 

and  renewal 

per  vehicle 

mile,  cents 

Average  cost 

of  interest 

maintenance 

and  renewal 

per  vehicle 

mile,  cents 

Class      I 

Class    II 

Class  III 

4000 

1500 

600 

200 

0.2 
0.3 
0.5 
0.7 

0.3 
0.6 
0.8 
1.4 

Class   IV 
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The  saving  in  traffic  operation  cost  due  to  well-maintained,  hard- 
surfaced  roads  is  probably  about  1  to  1.5  cts.  per  ton  mile,  which 
indicates  that  modern  improved  roads  can  probably  be  justified  by 
economic  travel  return  for  volumes  of  traffic  of  over  300  daily,  but 
that  for  traffic  of  less  than  this  amount  other  more  indirect  benefits 
must  be  considered  to  justify  hard-surfaced,  year-round  pavements 
(see  Fig.  3,  p.  16,  Chap.  I). 

Basic  Conditions,  Division  4,  New  York  State  Department  of 
Highways. — This  division  includes  six  counties  in  western  New 
York  having  an  area  of  3600  sq.  miles,  an  assessed  valuation,  1920, 
of  approximately  $523,000,000,  a  total  motor  vehicle  registration, 
1920,  of  58,000,  and  a  total  road  mileage  of  6700  miles.  At  present 
there  are  870  miles  of  state-improved  roads  under  maintenance  and 
the  following  analysis  is  based  on  official  cost  reports  for  this  mileage, 
modified  by  personal  knowledge  of  conditions.  The  executive 
personnel  of  this  division  has  been  excellent;  it  is  as  free  from  objec- 
tionable political  interference  as  any  locality  is  likely  to  be.  There 
is  no  great  frequency  of  overloaded  truck  traffic.  The  main  diffi- 
culty has  been  lack  of  adequate  funds.  Table  98  shows  at  a  glance 
that,  due  to  lack  of  funds  and  average  age,  the  maintenance  costs 
as  reported  must  be  modified  if  used  as  a  basis  for  long-time  legis- 
lative programs.     Table  97  shows  the  necessary  modified  values. 

Independent  Check  on  Essential  Correctness  of  Table  97  for  Legis- 
lative Estimate  Purposes. — Table  97  was  built  up  from  a  detailed 
study  of  yearly  maintenance  figures  and  records  of  pavement  dur- 
ability. In  order  to  check  these  results,  the  following  test  was  made 
approaching  the  problem  from  an  entirely  different  angle  based  on 
independent  data.  The  essential  agreement  of  the  two  methods 
indicates  that  the  statistics  given  in  Table  97  provide  a  safe  basis  for 
territory  similar  to  western  New  York.  The  following  tabulation 
and  footnote  are  self-explanatory. 
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Tabular  Comparison  of  Reasonable  Estimated  Requirements 
for  Maintenance  and  Renewal  Based  on  Table  97  (Class 
II   Traffic)   as   Compared   with   Actual  Appropria- 
tion Expenditures 
(Division  4,  New  York  state  highways,  average  traffic  conditions 

Class  II) 


Miles  of 

Table  97 

Estimated 

Actual 

road 

normal 

normal 

appropriations 

Year 

under 

requirements 

yearly 

.   for 

mainte- 

per mile 

requirements, 

maintenance 

nance 

per  year 

Table  97 

and  renewal 

19141 

5io 

$1,100 

$      600,000 

$    360,000 

I9I51 

590 

1,200 

700,000 

376,000 

19161 

660   . 

1,300 

900,000 

330,000 

1917 

690 

i, 600 

1,100,000 

606,000 

19182 

720 

1,700 

1,200,000 

1,071,000 

1919 

750 

1,800 

1,400,000 

674,000 

1920 

780 

1,900 

1,500,000 

874,000 

1921 

840 

1,800 

1,500,000 

1,080,000 

1922 
Totals 

860 

... 

1,800 

1,600,000 

1,200,000 

$10,500,000 

$6,571,000 

1  Table  97  modified  for  prewar  price  scale. 

2  Emergency  war  appropriation   (army-truck  damage). 

This  table  indicates  that  in  8  years  actual  appropriations  have  lagged 
behind  reasonable  upkeep  requirements  $4,000,000. 

Table  98  (p.  526)  shows  that  in  January,  1923,  the  reconstruction  program 
for  worn-out  surface  is  7  years  behind  normal  renewal  for  water-bound  and 
4  years  behind  normal  renewal  for  bituminous  macadams,  and  that  to  bring 
the  system  up  to  reasonable  standard  300  miles  should  be  immediately 
resurfaced.  Such  work  will  cost  approximately  $14,000  to  $22,000  per  mile, 
or  a  total  of  approximately  $5,000,000,  which  checks  the  deficit  in  appropria- 
tions obtained  by  the  application  of  Table  97  to  this  district. 

The  data  are  analyzed  (pp.  523  to  534)  for  effect  of  strength,  age,  and 
traffic  volume.  The  use  of  Table  97  in  connection  with  legislative  tax  esti- 
mate (Division  4)  is  illustrated  for  the  benefit  of  the  student  on  page  20, 
Chap.  I. 

Analysis  of  Maintenance  Costs.  Traffic  Classification  (Table 
99). — The  basic  factors  of  maintenance  costs  are  volume  and 
character  of  traffic.  Table  99  classifies  the  roads  by  a  study  of 
the  short-time  traffic  counts  modified  by  common  sense  for  future 
traffic  growth  (see  p.  528). 

Class  I  traffic — 2000  or  more  vehicles  daily  (10-hr.  count  in 
summer). 

Class  IL4  traffic — 1500-2000  (10-hr.  count  in  summer). 

Class     II  traffic — 800-1500  (10-hr.  count  in  summer). 

Class   III  traffic — 300-800  (10-hr.  count  in  summer). 

The  outstanding  conclusions  from  Table  99  are  as  follows: 

1.  The  maintenance  data  on  the  macadam  types  for  this  district 
should  be  fairly  conclusive,  as  there  is  enough  mileage  at  a  great 
enough  age  to  mean  something. 

2.  The  maintenance  cost  for  the  rigid  types  is  not  yet  at  all  con- 
clusive and  is  probably  far  under  normal,  considering  age  and 
traffic  volume. 


TRAFFIC  VOLUME  525 

3.  Water-bound  macadams  are  in  the  main,  serving  slightly  more 
traffic  than  is  recommended  for  this  type. 

4.  Bituminous  macadam  is  apparently  serving  about  the  proper 
volume  for  this  type. 

5.  Cement  concrete  is  serving  considerably  less  volume  than  is 
recommended  for  this  type. 

6.  Brick  is  serving  somewhat  less  volume  than  is  desirable  for 
this  type. 

7.  Stone  block  has  been  selected  for  footing  on  steep  hills. 
Volume  of  traffic  has  no  bearing. 

8.  Asphaltic  concretes  are,  in  the  main,  serving  somewhat  less 
than  a  reasonable  volume  of  traffic  for  this  type. 

Strength  of  Existing  Pavements,  Division  4. — According  to  the  best 
judgment  of  the  engineering  force  in  the  division,  based  on  obser- 
vation of  the  resistance  of  the  existing  pavements  to  traffic  action, 
the  strength  of  the  different  types  may  be  classed  as  follows: 

Water-bound  macadam,  noticeably  weak  due  to  a  large  mileage 
of  old,  thin  roads. 

Bituminous  macadam,  moderately  good  due  to  a  larger  per  cent 
of  more  recent  design. 

Asphaltic  concretes  on  macadam,  moderately  good. 

Asphaltic  concretes  on  concrete,  adequate  with  a  few  exceptions. 

Cement  concrete  (1:2:4  mix  or  better),  slightly  low. 

Brick  on  concrete,  adequate. 

Stone  block  on  concrete,  adequate. 

These  results  appear  in  column  3,  Table  98  (p.  526). 

Recent  designs  which  approximate  the  recommended  depths 
developed  in  Chap.  VI  seem  adequate  for  traffic. 

Effect  of  Traffic  Volume. — Records  in  this  regard  are  meager. 
Table  100  (New  York  State)  shows  a  start  along  these  lines,  but  the 
figures  are  not  very  convincing,  as  records  of  soil  conditions,  ade- 
quate original  strength,  and  relative  age  of  pavements  are  not 
considered  and  the  finance  bookkeeping  methods  were  not  devised 
with  the  idea  of  enough  subdivisions  to  give  extremely  accurate 
records  for  a  tabulation  of  this  kind.  It  is  therefore  necessary  to 
use  considerable  judgment  in  assigning  rational  values  to  this 
factor  of  cost.  According  to  the  best  judgment,  a  conservative 
set  of  yearly  maintenance  costs  under  different  volumes  of  traffic  for 
the  most  used  types  is  given  in  Tables  97  and  98.  One  of  the 
outstanding  features  of  Table  100  is  the  high  cost  of  shoulder 
maintenance  on  Class  I  traffic,  indicating  that  16'  width  of  pave- 
ment is  poor  economy  under  such  traffic. 
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Table  ioo. — Tables  Showing  Average  Cost  of  Maintenanc 
of  Various  Types  of  Pavement  Classified  According 
to  the  Amount  of  Traffic 
(1918  to  1922  inclusive  New  York  State) 


Amount  of  traffic  per 

12-hr.  day,  summer 

months 


Cost  of  maintenance  per  mile 
per  year 


Pavement 
only 


Total 
maintenance 


Gravel  pavement 


Less  than  500. 

500-  1000. . . 

1000-2000    . .  . 

Over  2000.  .  .  . 

Total 


110.76 

31.49 

6.62 

o  .60 


149.47   Average 


721 
675 
824 


Water-bound  macadam 


Less  than  500. 
500-1000  .  . . 
1000-2000. .  .  . 
Over  2000 

Total 


nil 

72 

763 

26 

360 

12 

38 

51 

$551 
652 
692 
88r 


2273.61   Average     $615 


Bituminous  macadam,  penetration  method 


Less  than  500. 
500-1000  .  . . 
1000-2000. . .  . 
Over  2000 


Total . 


947 

41 

1050 

61 

798 

03 

317 

09 

$303 

355 
409 
646 


31 13. 14  Average     $382 


Mixed  bituminous  macadam  on  macadam  base 


Less  than  500. 
500-1000  . . . 
1000-2000. . .  . 
Over  2000  . . . 


Total . 


12.87 
5.90 

7.43 
17.89 


$375 
513 
302 

544 


44. 14  Average     $449 


Mixed  bituminous  macadam  on  concrete  base 


Less  than  500. 
500-1000  . . . 
1000-2000. .  . . 
Over  2000 

Total 


7 

66 

22 

65 

30 

39 

29 

02 

$  99 
146 
146 
229 


89.72   Average     $169 


Hassam  pavement  and  second-class  concrete 


Less  than  500. 
500-1000  . . . 
1000-2000. .  .  . 
Over  2000 


Total . 


47-79 
84.71 
57-97 
21.88 


$532 
495 
545 
474 


212.35  Average     $517 


$737 
924 
872 
983 

$785 


$658 
843 
897 

IIIO 

$766 


S429 

499 
612 
889 

$547 


$473 
612 
484 
913 

$673 


$300 
231 
298 
336 

$293 


$759 
675 
768 
728 

J724 
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Amount  of  traffic  per 

12  hr.  day,  summer 

months 


Cost  of  maintenance  per  mile 
per  year 


Miles 


Pavement 
only 


Total 

maintenance 


Brick  pavement 


Less  than  500. 
500-1000  .  .  . 
1000-2000. . .  . 
Dver  2000 


Total . 


31-35 
64.33 
62  .69 

87.77 


246 .  14  Average 


$414 
199 
219 
493 

5337 


First-class  concrete  pavement   1:2:4  or  better 


^ess  than  500. 

500-1000  . . . 

000-2000 

Dver  2000 


Total . 


114. 61 

158.28 

199.46 

98.28 


$  62 

54 

76 

149 


570.63  Average     $  80 


$112 
152 
226 
402 

$230 


Total  of  above  types 


ess  than  500. 

500-1000  . . . 
1000-2000  . . . 
)ver  2000 


Total. 


2384.17 

2181 .23 

1522.76 

611.04 


5422 
438 
422 
495 


6699.20  Average     $433 


S543 
595 
618 
735 

$595 


Life  of  Pavements.  Macadam  Pavements. — Division  4  data  on 
rability  of  these  pavements  are  reliable.  Table  101  gives  the 
e  at  which  actual  reconstruction  has  occurred.  This  table  is 
-  ;eresting  but  not  conclusive,  as  the  records  apply  to  the  weaker 
ids  under  exceptional  traffic  which  tends  to  shorten  the  age 
sorted.  On  the  other  hand,  these  roads  were  permitted  to  remain 
poor  condition  for  from  2  to  4  years  beyond  the  time  at  which 
zy  actually  needed  resurfacing.  These  data  give  the  average  age 
•  water-bound  macadam  as  8.9  years  and  bituminous  macadam 
8.4  years,  Topeka  on  concrete  at  7  years,  and  second-class  con- 
;te  (1:2^:5  mix)  as  6.5  years.  These  results  are  inconclusive 
less  verified  by  supplementary  data. 

Table  102  gives  the  mileage  of  the  different  types  which  need 
urfacing  at  their  present  reported  age.  These  data  are  fairly 
iable  in  determining  range  of  life  and  probable  maximum, 
cording  to  these  tables,  supplemented  by  judgment  in  regard  to 
)difying  conditions,  the  reasonable  life  of  the  macadam  base 
vements  is  placed  as  follows:  (Table  103  p.  534). 
These  ages  are  somewhat  less  than  usually  adopted,  since  they 
1  based  on  a  maximum  permissible  Vialog  coefficient  of  rough- 
:ss  of  250'  per  mile  without  excessive  yearly  maintenance  expend- 
es  (see  pp.  545  to  552).     This  limit  of  roughness  is  somewhat 
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less  than  has  heretofore  been  customary,  but  it  seems  certain  thai 
on  the  main  roads  it  is  desirable  to  avoid  the  extreme  roughnesi 
often  tolerated  for  the  last  3  to  5  years  before  reconstruction  i: 
commonly  resorted  to.  The  age,  before  reconstruction,  can  b< 
increased  by  excessive  maintenance  expenditures,  but  this  ha; 
little  effect  on  the  total  cost  of  the  combined  items  of  maintenanc* 
and  renewal;  what  is  spent  on  one  is  saved  on  the  other. 

Table  ioi. — Showing  Age  at  Time  of  Actual  Reconstruction 


< 


Water-bound 
macadam 


Total  resur- 
facing = 
173  miles 


Bituminous 

macadam, 

penetration 

method 


Bituminous 

macadam, 

mixing  method, 

concrete  base 


Second-class 

concrete  and 

Hassam 

concrete 


Total  resur- 
facing = 
43.6  miles 


Total  resur- 
facing = 
1.22  miles 


Total  resur- 
facing = 
20.46  miles 


4)  +j 

bcrz 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


0.30 

0  .2 

0  .2 

20.86 

12.  I 

12.3 

5. 94 

3-4 

IS- 7 

16.13 

92 

24.9 

13-80 

8.0 

32.9 

22.33 

12  .9 

45-8 

26.90 

15.6 

61 .4 

1505 

8.7 

70. 1 

19.74 

11. 4 

81.5 

4.44 

2.6 

84.1 

11.48 

6.5 

90.6 

9  .46 

55 

96. 1 

2.38 

1.4 

97-5 

2.15 

1  .2 

98.7 

2  .20 

1-3 

100. 0 

2.28    s 

0.77   I 
5.13 II 

8.8l 20 

7.5517 

2.92    6 

2.81    6 

11 .21 25 

2.12'  4 


5.2.... 

7.0  ...  . 
18  .80.40 
39.0 
56.3 
63.0 

69.4 
95.1 

100. o 


0.82 


32.8 


67  .2 


•  6s 
.29 


32.81 
2 
5 
1 , 
I . 


53  17 


4-9 


3- 
24. 
41. 
47. 
58. 
85. 
95- 
100.' 


Table  103. — Table  oe  Estimated  Reasonable  Life,  Flexibli 

base  Pavements 


Water-bound 
macadam 


Bituminous 
macadam 


Asphaltic 

concrete  on 

macadam  base 


Class  I  traffic. 
Class  II  traffic . 
Class  III  traffic . 
Class  IV  traffic1 


Not  suitable 

8-12  years 

10-13  years 

12-15  years 


6-12  years 
10-13  years 
12-15  years 
Not  advised 


8-14  years 
10-15  years 
Not  advised 
Not  advised 


1  Class  IV  is  a  very  indefinite  condition. 

Table  97  uses  the  low  limit.      Under  really  good  conditions  of  design  an 
maintenance  the  upper  limit  can  be  used  and  even  extended  a  few  years. 


Rigid-base  Pavements.— The  durability  of  rigid-base  pavements 
on  heavy-traffic  rural  highways  cannot  be  very  definitely  settled 
as  yet,  as  there  are  not  enough  miles  of  sufficient  age  to  develop 
eliable  data.  Rural  highway  conditions  are  considerably  different 
from  city-street  conditions  due  to  concentration  of  traffic  along  an 
unprotected  pavement  edge  and  poor  subsoil  drainage  systems  on 
rural  roads.  City  records  are  not  really  up  to  date  on  account 
of  changed  traffic  conditions,  so  that  the  life  assigned  to  rigid-base 
pavements  is  at  best  a  careful  guess  which  is  controlled  by  the 
excellence  of  construction  and  maintenance  practice  for  the  dis- 
trict under  consideration.  The  values  assigned  in  Table  97  repre- 
sent the  best  judgment  of  our  local  engineers  reinforced  by  city 
records,  and  are  for  moderately  good  construction  and  maintenance 
conditions.  The  effect  of  good  work  on  life  is  shown  graphically 
on  page  546.  Supporting  data  are  included  below  by  a  quotation 
from  Blanchard's  "Handbook." 


Table  104. — Consensus  of  Opinion  of  Canadian  Engineers 
as  to  Durability  (ii)1 


DURABILITY 


535 


Pavement 


Small 

repairs, 

years 


Extensive 

repairs, 

years 


Complete 

recon- 
struction, 
years 


Asphalt  block. 

Asphalt  concrete 

Bitulithic 

Brick 

Cement  concrete 

Scoria  block  and  stone 

Sheet  asphalt 

Untreated  wood  block. 
Treated  wood  block.  .  . 


S-10 

4-  6 
5"  8 
8-10 

5-  8 
10-15 

4-  8 
3-  5 
8-10 


10-12 
6-  8" 
10-15 
10-15 
10-12 
15-20 
10-15 
6-10 
12-15 


12-15 

8-ioa 
15-20 
15-18 
15-18° 
20-30 
15-18 
10-12 
I5-I8" 


1  "American  Highway  Engineer's  Handbook,"  John  Wiley  &  Sons,  Inc., 
S'ew  York. 

0  These  pavements  have  not  attained  an  age  in  Canada  sufficient  to  place 
he  figures  beyond  conjecture. 

OPINIONS  OF  CANADIAN  ENGINEERS  AS  TO  NATURE 
OF  DETERIORATION  ii* 

"Asphalt  block. — Edge-wear  forming  holes  and  cobbles;  worn  pavement 
loisy  and  hard  to  keep  clean.;  disintegration  of  bottom  of  blocks. 

Asphaltic  Concrete. — Wears  in  holes;  susceptible  to  marking  in  hot,  sunny 
veather. 

"  Bitulithic. — Wears  evenly,  with  a  tendency  to  holes  under  heavier  traffic 
usceptible  to  surface  marks  in  hot  weather. 

"Brick. — Edge-wear  and  cobbling  under  heavy  traffic;  increased  noise  and 
ansanitariness  as  wear  increases;  when  worn  badly  it  slows  down  traffic. 

"Sheet-asphalt. — Wears  slowly  into  large  holes  or  patches;  heavy  traffic 
auses  ruts;  cracks  hasten  deterioration. 

"Wood  Block. — Rots  rapidly  if  untreated,  retarding  traffic;  treated  block 
vears  slowly  and  evenly;  frost  intrusion  causes  buckling. 

"Stone  and  Scoria  Block. — Wears  gradually  into  holes  and  cobbles; 
insanitary  when  roughened. 

"Cement-concrete. — Wear  is  slow  and  even,  if  well  placed;  cracking  and 
nipping  develop  otherwise." 
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Selected  Typical  Roads. — The  second  method  of  deriving  normal 
costs  is  the  selected-road  method.  Table  105  gives  an  idea  of  what 
can  be  done  if  the  roads  are  well  designed  and  maintained  as  com- 
pared with  weak  design  and  spasmodic  maintenance. 

Table  105  shows  that  firm  water-bound  macadam  can  be  main- 
tained under  Class  I  traffic  for  about  6  cts.  per  square  yard  pei 
year  exclusive  of  renewals;  under  Class  II  traffic,  for  about  3.5 
cts.,  but  that  weak  design  under  even  Class  III  traffic  will  raise 
the  maintenance  to  about  6  cts. 

Firm  bituminous  penetration  can  be  maintained  under  Class  ] 
for  3.5  cts.  for  a  long  term  of  years  (see  road  5021);  under  Class  I? 
traffic  for  about  1.5  to  3  cts.,  but  if  the  foundation  is  weak  it  jumps 
up  to  around  4.5  cts.  (road  5271). 

Asphaltic  concretes  on  firm  macadam  base  under  Class  IL4 
traffic  have  been  maintained  for  a  long  term  for  from  0.9  to  1.5 
cts.  per  square  yard  per  year  exclusive  of  renewals.  The  mainte- 
nance cost  for  these  roads  is  about  the  same  as  for  the  same  surface 
on  a  cement-concrete  base. 

The  data  on  cement  concrete  and  brick  are  not  conclusive 
because  of  the  short  age  of  pavements  on  which  definite  data  exists 
in  comparison  with  their  probable  life.  During  1925  the  mainte- 
nance on  concrete  roads  rose  from  $80  to  $230  per  mile  for  pavemem 
alone  or  2.3  cts.  per  square  yard  average  for  the  division  as  a  whole 

Budget  Estimates. — Budget  estimates  are  desirable,  as  the} 
insure  a  careful  consideration  of  the  needs  of  the  situation  and  tenc 
to  produce  a  better-balanced  ratio  of  expenditures  over  the  terri 
tory  as  a  whole.  The  following  tabulation  shows  the  schedule: 
used  in  preparing  budgets  for  Division  4.  Patrol  costs  are  figurec 
by  an  actual  itemized  patrol  layout,  as  shown  in  Fig.  1 78.  Material 
and  oiling  estimates  are  based  on  careful  field  inspection  of  the 
conditions  on  each  road  modified  by  previous  experience  witl: 
increases  due  to  winter  wear.  Equipment  is  carefully  checked  up 
and  estimates  of  additions  made.  Salaries  for  supervision  and 
office  force  can  be  closely  approximated  from  past  records.  The 
total  of  these  schedules  becomes  the  budget  estimate.  These 
estimates  are  prepared  for  each  county.  The  schedules  are  inter- 
changeable in  amounts  as  far  as  expenditure  goes  within  the 
county,  which  gives  the  necessary  flexibility,  but  funds  allotted  tc 
one  county  cannot  be  transferred  to  any  other  county.  This 
restriction  gives  the  necessary  stability.  At  one  time  an  effort 
was  made  to  hold  strictly  to  expenditures  for  each  schedule,  such 
as  patrol,  materials,  equipment,  etc.,  but  this  was  found  to  be 
impracticable  and  the  present  system  was  adopted. 
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able  of  Maintenance  Funds — Division  4.  Table  Show- 
sig  Expenditures  and  Percentage  of  Same  to  Total  Expendi- 
tures, Excluding  C  and  E  Funds 
Expenditures  include  schedule  appropriations,  10  per  cent  funds, 
eneral  funds,  and  maintenance  taxes.  Federal  aid  funds  excluded. 
Expenditures  are  for  calendar  year 


1920 
(780  miles) 


I92x 

(840  miles) 


Expendi- 
tures 


Deci- 
mal 
part 


Expendi- 
tures 


Deci- 
mal 
part 


ch.  A — Salaries 

ch.  B — Office  supplies 

ch.  B — Livery 

ch.  B — Travel 

ch.  B — Communication 

ch.  B — Office  rent 

ch.  B. — Advertising,  printing.  .  .  . 
ch.   B — Purchase  trucks,   mixers, 

and  other  large  equipment 

ch.  B — Purchase  war  materials.  . 

ch.  B — Purchase  tools 

ch.  B — Repairs  to  equipment. . .  . 
ch.  B — Insurance  for  equipment, 
ch.  B — Storehouse  construction  . 


ch.  B- 
ch.... 


-Storage  rental. 


ch.  C — Resurface 

ch.  D — Surface  treatment 

ch.  E — Reconstruction 

ch.    F — Foreman,    labor,    trucks, 

etc 

ch.  F — Rental  equipment 

ch.  F — Supplies  for  equipment. . . 

ch.  F — Materials 

ch.  F — Drainage  rights 


!>  40,573.05  0.1050 
756.890.0020 
5,007  .700.0130 
3,058.430.0079 
247.690.0006 
125.OOO.OOO3 
190. 35JO. 0005 

1,624.740.0042 

6,011.620.0155 
8,323.090.0215 
3,480. 180.0090 
6,416.01 0.0166 
1,955.120.0051 

6,384.29! 

62,078. 160. 1606 
481,013.03 


129,914.730.3361 
1,007.500.0026 
9.937.740.0257 

105,856.600.2738 


49,059.320.1041 

657.  mo. 0014 

5,613. 31:0.0119 

2,756.520.0059 

247.060.0005 

1,000.000.0021 


11,061.96 


0.0235 


8,240.330.0175 

11,890.840.0252 

700.080.0015 

3,628.21.0.0077 

1,967  .440.0042 

44,168.08 
116,420.25  0.2470 
358,530.44 

155,883.860.3307 

870.75  0.0018 

8,284.47,0.0176 

93.046.04jo.1974 


otal — excluding  C  and  E  funds  .!  $386,564.53  i  .0000  $471,327  .63  1 .0000 
otal — including  C  and  E  funds.  .1  $873,961 .85; i  $874,026. 15 


Decimal  part 


Schedule  expenditure 


Total  expenditure  minus  C  and  E. 
tiedule    appropriations   for    ensuing    year    multiply 
inus  C  and  E)  by  average  or  proposed  decimal  part. 
*  Note. — For  %  of  mileage  of  different  types  see  Table  no,  page  582. 


To  calculate  proposed 
(total    appropriation 


Appropriations 


1920 


1921 


hedule  appropriations  (budget) 

)  per  cent  funds — (used) 

leneral  funds — (interest,  etc.) . . . 

aintenance  taxes — towns 

[aintenance  taxes — villages 


$755-Ooo.oo 

64,289.62 

14,682.54 

33.95o.oo 

8,318.50 


$735,520.oo 

85,926. 11 

16,892.69 

34,600.00 

8,479-35 
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Table    106. — New   York    State    Maintenance    Costs    (192 1 


Type  of  pavement 


Miles  maintained 


Cost  per  mile 


a 

to 


.CO 


u 


o  ■ 


bo  «h 
C  o  v 


4) 

to 
c 
a  1 

•£  it 


(1) 


to 

T3   O  +-> 

o 


W 


o-9 


to 
c 

d    1 
J!  ^ 

to*0 

C   p 


=   =    B 


W 


Bituminous  macadam,  pene- 
tration method,  macadam 

base,  asphalt  binder 

Tar  binder 

Concrete  base,  asphalt 
binder 

Tar  binder 

Water-bound  macadam 

First-class    concrete,    1:2:4 

mix  or  richer 

Second-class  concrete,  1:2}^: 

5  mix  or  leaner 

Hassam  concrete 

Brick  pavement 

Gravel 

Bituminous  macadam: 

Mixed  method,  Topeka 
concrete  base 

Topeka,  macadam  base  .  .  . 

Amiesite,  concrete  base .  .  . 

Amiesite,  macadam  base.  . 

Open  mixed,  concrete  base 

Open  mixed,  macadam 
base 

Bitulithic,  concrete  base . .  . 

Warrenite-bitulithic 

Willite,  concrete  base 

Bitoslag,  concrete  base.  . . . 

Sheet  asphalt,  concrete 
base 

Gravel  mixed,  gravel  base 

Henderson,  macadam  base 
Block  pavements: 

Asphalt,  concrete  base.  .  .  . 

Asphalt,  macadam  base. .  . 

Wood 

Stone 

Brick  cubes,  macadam  base 

Bituminous  subbase 

Bituminous  macadam,  three- 
layer  method 

Kentucky  rock,  asphalt 

Rocmac 

Three-strip  dual 

Two-strip  dual 


Total 

Average  cost  per  mile. 


3201 .87 
255.06 

4S.21 

16.81 

2599.04 

730.45 

187.65 

49  03 

280.45 

141. 14 


65.42 

29.72 

6.25 

4.88 

17.09 

15.43 

15  ■  12 

1. 81 

1.66 

2.31 

0.61 
8.38 
0.51 

18.34 
1.73 
0.26 
3.58 
0.32 

15.70 

7.29 

17.55 

0.15 

6.81 

33-99 


7781 .62 


3186.82 
255.03 

45.21 

16.81 

2536.29 

730.45 

181.50 

49.03 

280. 19 

136.30 


65.01 

29.72 

6.25 

4.88 

17.09 

14.68 

15.12 

1. Si 

1.66 

2.31 

0.61 
7.72 
0.51 

18.34 
i.73 
0.26 
3.58 
0.32 

15.70 

7.29 

17.55 

0.15 

6.81 

31 .69 


7688.42 


S1033 
543 

560 
363 

2007 

225 

1957 
679 
352 

1861 


831 
769 
440 
53 
413 

3869 
244 


37 


229 
5154 


347 

1271 

9 
104 
332 

734 
686 

134 
1  562 


$1280 


770 
540 

560 
363 
951 

225 

874 
679 
307 
890 


299 
769 
440 
53 
413 

462 

244 


37 

229 

1978 


347 
1271 

9 
104 
332 

734 
686 

134 
332 


$    744 


GENERAL  COSTS 
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verage  Annual  Maintenance  Cost  per  Mile  of  Principal 
Types   for   the   Past   7   Years,   Excluding   Change 

of  Type 


1915 


1916 


1917 


1918 


1919 


1920 


1921 


Aver- 
age 


Bituminous  mac- 
adam, penetration 
method,  asphalt 
and  tar 

Topeka  on  concrete 
base 

Topeka  on  macadam 
base 

Water-bound  mac- 
adam  

Brick 

First-class  concrete.  . 

Second-class  concrete 

Gravel 

Average  all  types .  . 


$  510 


1055 
190 
129 

1050 
955 


$    750  $ 


483 

$ 

408 

205 

245 

256 

393 

906 

970 

176 

222 

141 

112 

I080J 

1127 

587 

918 

651 

$ 

643 

$  5575501 


435 
1056 

739 
251 
160 
791 
909 


$  608 


144 

443 

694 

247 
214 
761 
771 


$590 

335 

985 

797 
242 
227 
868 
704 


$753 

299 

769 

951 
307 
225 

874 
890 


$560 


$631 


$744 


$543 

277 

650 

873 
234 
173 
936 
819 


'able     io6^4. — Supplementary     Extensions     and     Author's 

Comments 
New  York  maintenance  costs 


Type  of  pavement 


Supplementary  comments2 


Approxi- 
mate cost 
pavement 
only 


S>  >> 


Pn 


b  o 

-  Tl 

O  -£ 

'^   Op, 


rf 


u   5 

p..  2 


Recom- 
mended 
allowance 


o*§ 


05    O 


Penetration  bituminous   mac- 
adam  :$543 

Topeka  on  concrete  base 277 


Topeka  on  macadam  base.  .  .  .     650 

Water-bound  macadam |   873 

234 

173 
936 


Brick 

Cement    concrete     (1:2:4    or 

better)  

Cement  concrete  (1:2^:  5  mix) 
Gravel i   819 


S400 

$0 . 043 

150 

0.016 

500 

0.053 

720 

0.077 

100 

0.011 

50 

0.006 

800 

0.085 

680 

0.073 

High 
Normal 
minus 
High 
High 
Normal 

Very  low- 
Normal 
High 


0.035 
0.020 


0.025 
0.015 


o .025  0.020 
0  .070  0.060 
0.015 


0.015 
Poor 
0.060 


0.010 


0  .010 
type 
0.030 


1  Considers  age,  traffic  and  adequate  design  strength. 

2  Assuming  pavement  is  used  under  proper  volume  U  traffic  (see  page  6). 
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VALUE  OF  SMOOTHNESS  545 

Value  of  Smooth-riding  Quality  of  Pavements. — A  smooth  easy- 
riding  pavement  is  desirable  on  the  score  of  personal  riding  comfort, 
reduced  cost  of  motor  operation  (gasoline,  tires,  and  jar  damage), 
and  reduced  stress  on  the  pavement  due  to  impact  of  heavy  trucks. 
Surface  irregularities  will  vary  with  the  type  of  pavement,  care  of 
construction,  age  of  pavement,  and  perfection  of  maintenance,  and 
they  gradually  increase  as  the  pavements  age  until  reconstruction 
Decomes  necessary. 

Probably  the  most  satisfactory  method  of  measuring  such  irregu- 
larities at  present  (1923)  is  by  means  of  the  Vialog  invented  by 
Harley  Dunbar  of  the  New  York  State  Department  of  Highways 
and  manufactured  by  the  Good  Roads  Machinery  Co.  of  Kingston. 
This  machine  can  be  attached  to  an  automobile.  It  records 
automatically  in  graphic  form,  as  shown  in  the  chart  on  page  548, 
:he  surface  irregularities  of  the  road.  The  machine  is  calibrated 
ror  the  auto  being  used  and  the  speed  at  which  it  is  driven  by  means 
)f  careful  test  runs  over  a  pavement  of  known  irregularity.  A 
duplicate  record  is  made  and  the  results  agree  remarkably  well. 
The  results  can  be  examined  for  individual  bumps  or  hollows  or  the 
iverage  condition  of  the  surface  expressed  as  inches  of  irregularity 
)er  mile  of  road.  This  coefficient  is  reliable  as  a  measure  of 
■elative  roughness  and  of  some  value  as  a  measure  of  absolute 
•oughness.  By  means  of  records  of  this  kind  it  is  possible  to  set  a 
•easonable  limit  of  irregularity  for  acceptance  of  pavements  of  dif- 
erent  types.  It  is  also  useful  in  keeping  yearly  records  of  the 
general  condition  of  a  state  system  and  checks  up  the  effectiveness 
>f  the  maintenance  and  renewal  programs.  Being  a  mechanical 
levice,  it  eliminates  personal  opinion  and  is  a  very  useful  instru- 
nent  in  highway  work.  The  results  of  investigations  of  2000 
niles  of  New  York  State  highways  in  1923  can  be  summed  up 
oughly  as  follows: 

From  the  standpoint  of  riding  comfort  a  pavement  does  not 
>ecome  disagreeably  rough  until  the  coefficient  of  roughness 
xceeds  about  250"  per  mile.  The  report  on  the  2000  miles  inves- 
igated  covers  pavements  of  brick,  asphaltic  concretes,  cement 
oncrete,    penetration    bituminous    macadam    and    water-bound 

Iaacadam  oiled.  There  is  a  wide  range  in  roughness  for  each  type, 
[epending  on  age,  maintenance,  etc.  All  these  types  can  be 
onstructed  originally  and  maintained  for  a  considerable  time  in  a 
omfortable  condition  for  traffic.  They  all,  in  time,  become  rough 
nd  require  resurfacing  on  the  score  of  comfort  and  motor  operat- 
lg  costs.  The  Vialog  records  verify  the  fact  that  the  higher- 
riced  pavements,  such  as  asphaltic  concretes,  cement  concrete, 
nd  brick,  have  a  lower  average  roughness  than  the  macadam 
j  jype  for  the  first  few  years,  after  which  it  becomes  a  matter  of 
laintenance  or  reconstruction  as  to  which  has  the  advantage  (see 
546). 
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Age,yeor& 
10 


Age,  years 
10        .15 


Age  of  Pavement,  yeors 
y/ATERBOUND  macadam(oiled) 

CLASS  II  TRAFFIC 
NORMAL MAINTENANCE  *8TO  PER  MILE  YEAR 
Aqe,  uears 

400°  S  B         2° 


10  IS         20 

Age  of  Pavement,  years 
PENETRATION  BITUMINOUS  MACADAM 

CLASS  TJ  AND  TJA  TRAFFIC 
NORMAL  MAlNTENANCE*SSO  PER  MILE  YEAR 

Age,  yeors 
yKT        IS 


h'^ 


l«X.-C_..__j._j; 


■  i  i  ■  ■  '  i  I  i  '  '  ' 


-  250  Maximum  250 
—       Roughness 
for  Comfortable 
Travel 


10  15 

Age,  years 
ASPHAITIC  CONCRETE  -CLASS  I  ANOUATRAFFIC 

note:  DATA  MEAGER (II  YEAR  LIMIT) 
NORMAL  MAINTENANCE$260  PER  MILE  YEAR 
Aqe,  years 

400?  5  "  '5  2° 


300 
5  200 
100 
0 


15         20 
Age,  years 

CEMENT CONCRETEO- l''2"3MIX.)- CLASS  I ANOTJ TRAFFl' 

DATA  LIMITED  TO  9  YEAR  AGE 
NORMAL  MAINTENANCE  *  ITO  °ER  MILE  YEAR 
Aqe,  uears 

o  .  _s__     k?       is zom 


250Man'mum  2SO 
Roughness 
for  Comfortable 
Travel 


0  5         10 

Age,years 

CRICK  AND  ASPHALT  BLOCK. 

CLASS  I  AND  EA. TRAFFIC 
DATA  LIMITED  TO  13  YEARS 
NORMAL  MAINTENANCE  *  250  PER  M HE  YEAR 


A9e>y< 


COMPARISON  OF  PAVEMENTS 
(AVERAGE  CONDITIONS) 


Fig.  175. — Graphs  showing  wide  range  and  average  value  < 
Vialog  coefficient  of  roughness  for  different  pavements  at  differei 
ages.     (New  York  State  1923.) 

Based  on  average  maintenance,  that  is,  no  specially  high  mail 
tenance  has  been  used  to  hold  the  roughness  to  a  specified  max 
mum.  Reconstruction  is  resorted  to  when  normal  maintenan< 
becomes  ineffective.  , 

Note:  These  graphs  show  the  wide  range  in  results  obtame 
under  Public  Works  Programs  and  show  conclusively  the  distim 
advantage  of  good  Engineering  Control.  Any  type  of  pavemei 
well  designed,  constructed  and  maintained  will  give  satisfactoi 
results  as  far  as  traffic  operation  cost  is  concerned. 

To  anyone  personally  familiar  with  this  district  these  recorc 
have  a  human  as  well  as  a  scientific  interest.  It  is  possible  1 
trace  the  gradual  loss  or  gain  in  interest  in  the  success  of  the  variot 
types  depending  on  the  sympathies  of  the  different  administr; 
tions  and  they  also  show  the  effect  of  knowledge  and  experienci 
of  the  inspectors  with  different  types. 
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Mr.    Dunbar   gives   some    tentative   values   subject    to   future 
change  as  follows.     He  recommends  a  maximum  value  of  50"  for 


Type  of  pavement 


New  pavements,  good 
condition 


Old  pave- 
ments, poor 
condition 


Range, 

inches 

per  mile 


Average, 

inches 
per  mile 


Range, 

inches 

per  mile 


Cement  concrete 

Brick. 

Asphaltic  concrete 

Penetration     bituminous     mac- 
adam  

Water-bound  macadam  (oiled) . 


25-  80 
20-  80 
35-   90 

80-150 
90-170 


65 
65 

75 

100 
no 


250-    6ooa 
250-    300 
250-    300 

250-    800 
250-  1000 


a  Low-grade  1:  2>£:  5  concrete. 

acceptance  of  newly  constructed  concrete,  brick,  or  asphaltic  con 
cretes  and  a  maximum  value  of  100"  for  new  bituminous  macadam. 
The  average  roughness  of  roads  at  present  under  reconstruction 
runs  from  500  to  700"  per  mile. 


EFFECT  OF  ROUGHNESS  ON  MOTOR  OPERATION  COSTS 

Roughness  increases  the  gasoline  consumption  of  motors  and 
:he  tire  and  engine  wear.  Any  attempt  to  figure  this  closely  is  a 
iseless  proceeding,  but  the  general  fact  must  be  borne  in  mind  in 
irriving  at  any  reasonable  conclusion  as  to  the  economic  value  of 
pavements  and  the  necessity  for  effective  maintenance.  In  time, 
dialog  records  will  be  coordinated  with  gasoline  consumption.' 
>Jo  experiments  along  this  line  have  yet  been  made.  The  following 
igures  based  on  the  present  meager  Vialog  records  must  be  con* 
•idered  as  speculative  as  far  as  actual  cost  of  operation  is  concerned, 
however,  they  check  the  gasoline  consumption  tests,  and  serve  to 
Uustrate  the  value  of  smoothness. 

Mr.  Dunbar  states  that  on  a  road  having  a  coefficient  of  about 
o",  his  chart  distance  measured  by  wheel  revolutions  was  exactly 
qual  to  the  actual  lengths  of  the  roads.  Where  the  coefficients 
eached  500  to  700",  the  chart  distance  by  wheel  revolutions 
xceeded  the  actual  survey  measured  length  of  the  road  by  from 
00  to  200'  per  mile.  That  is,  roughness  actually  increases  wheel 
evolution  due  to  jump,  free  spin,  and  extra  length,  exactly  how 
luch  is  not  known.  A  conservative  assumption  is  0.5%  per  100" 
jicrease  in  Vialog  coefficient. 

Roughness  virtually  increases  the  rate  of  grade  of  the  road.  A 
onservative  figure  is  0.2%  per  100"  increase  in  Vialog  coefficient. 

Considering  gasoline  consumption  alone  and  using  the  values 
lven  on  page  98  of  the  first  book  of  this  series,  "Highway  Loca- 
on,"  for  distance  and  grade  an  increase  in  cost  of  motor  operation 
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can  be  derived.1  This  amounts  to  about  $100  per 
mile  per  year  for  ioo  average  vehicles  daily  (36,500  yearly)  for 
each  100"  increase  in  Vialog  coefficient.  Making  the  same  assump- 
tions discussed  in  Highway  Location  in  regard  to  the  actual  value  of 
gasoline  saving,  considering  pleasure  traffic  and  snow  and  ice  during 
a  portion  of  the  year,  this  is  reduced  to  $50  per  mile  per  year  per  too 


NOTE.  The  Coefficient  of  Rashness  is.  in  inches  of 
vertical  irregular! ties  per  mite 


Good  Macadam 
Violog  Coefficient 110  "per mite 


-J 00  ft 


Good  Cement  Concrete  Fbvemenf 
Violog  Coefficient  £5  per  mile 
-300ft— -- 


Good  Brick  Pavement 
Violog  Coefficient&S"permile 

-300  ft > 


Good  Asphalt  Concrete 
Violog  Coefficient  75'permile 

«. 300 ft *-S- 


TJV^V  t*~^~f   vj>Vi/V;-  **J\>ft*--A 


Old  Thor  Macadam 
Violog  Coefficient  500" per  Mile 
300  f+    - 


Old  Poor  2nd.  Class  Concrete  Pavement 
Violog  Coefficient330"permile 
300ft. 


rSXtr^T/W^AfTy/^fSpJ^^  a  |^*Vfc 


Old  Poor  Bnch  Fbvement 
Violog  Rating  320  "per  mile 
-300ft 


^J^-»'r""^^"YVVV•''vw^/^vv  r\J\^>. 


Old  Poor  Asphalt  Concrete 

Viclog  Coefficient  300 per  mile 
jOOff. 


NOTE:  7h/s  Chart il/ustrotesgrophicallg  the  u/ide  range  in  surface  roughness  with  attendant 
resistance  to  traction  on   all  Standard  Fvvements  due  to  age  and  loch  of  effective  Maintenance. 
The practical use  of  the  Yolog  inconnection  with  Highway  Pngrams  is  discussed  in  Chop? 
A  reasonable  allowance  for  increase  in  business  motor  operah'on  cost  due  to  roughness 
is  opprox.  *80 per  mile  per  gear  per  100 vehicles  average  mited  traffic  daily (3$S00year(y) 
for  each  IOO" increase  in  Violog  Coefficient 

Fig.  176. — Vialog  records  of  surface  roughness  (showing  effect  c 

age). 


vehicles  daily.  For  different  volumes  of  traffic  this  is  expresse 
in  tabular  form  (p.  549)  assuming  a  Vialog  coefficient  of  50"  p€ 
mile  as  perfection. 

In  a  similar  way  an  approximation  can  be  derived  for  tire  wea: 
Any  actual  cost  value  for  tire  wear  due  to  minor  differences  c 
roughness  is  a  very  illusive  quantity.  Recent  investigations  hav 
established  that  the  difference  in  tire  wear  over  gravel  roads  wit 
loose  small  pebble  surface  as  compared  with  a  smooth  new  ngi 

1  Allowing  for  an  average  difference  in  Vialog  coefficient  of  roughness  < 
50"  per  mile  between  average  macadam  and  average  Class  A  surfaces,  tr 
difference  in  gas  consumption  is  4%  •     Actual  experiment  gives  a  value  ot  5  / 
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pavement  may  amount  to  as  much  as  i  ct.  per  vehicle  mile.  The 
actual  difference  in  tire  wear  for  ordinary  road  conditions, 
considering  ice  and  snow  in  winter  for  any  well-maintained  gravel  or 
macadam  road  with  a  bituminous  surface  carpet  as  compared  with 
well-maintained  rigid-base  pavements,  cannot  amount  to  much. 
Assume  some  speculative  figures  merely  to  bring  out  the  fact  that 
there  is  some  difference  in  cost  of  this  phase  of  road  travel  over 
different  types. 

Ordinary  tire  wear  on  improved  roads  is  assumed  at  1.5  ct.  per 
average  vehicle  mile  for  roughness  of,  say,  200"  Vialog  rating.  A 
well-maintained  and  renewed  road  system  should  not  range  more 
than  50  to  300"  per  mile.     The  increase  in  wheel  travel  distance  as 


Volume  of 

total 

traffic, 

vehicles 

per  day 


Vialog  coefficient,  inches  per  mile 


50 


300 


400 


500 


Values  below  are  estimated  yearly  saving  in  business 
consumption  of  gasoline 


100 

200 

300 

400 

500 

1,000 

1,500 

2,000 

3.000 

4,000 

5,000 

10,000 


$0 

$    25 

$       75 

$       125 

1   175 

0 

50 

150 

250 

350 

0 

75 

225 

375 

525 

0 

IOO 

300 

500 

700 

0 

125 

375 

625 

875 

0 

250 

750 

1,250 

1,750 

0 

375 

1,125 

1,875 

2,625 

0 

500 

1,500 

2,500 

3,500 

0 

750 

2,250 

3,750 

5,250 

0 

1,000 

3,000 

5,000 

7,000 

0 

1,250 

3.750 

6,250 

8.7SO 

0 

2,500 

7,500 

12,500 

17,500 

s  225 
450 
675 

900 
1. 125 
2,250 
3,375 
4,500 
6,750 
9,000 
11,250 
22,500 


between  50  to  500"  rating  amounts  to  about  2%.  The  added  jar 
damage  above  250"  rating  probably  does  considerable  more  damage. 
Assume  the  same  rate  of  tire  cost  as  for  gasoline  previously  derived, 
8%  per  100"  Vialog  increase.  This  amounts  to  approximately 
S50  per  mile  per  year  for  100  average  vehicles  daily.  Combining 
this  value  with  the  gasoline  saving  Table  108  is  derived. 

This  table  indicates  in  a  general  way  the  importance  of  keeping  a 
system  in  fairly  smooth-riding  condition.  To  illustrate  with  the 
New  York  system,  Division  4.  The  coefficient  of  roughness  of 
most  roads  when  actually  reconstructed  is  about  500  to  700.  This 
gives  an  average  coefficient  for  the  life  of  the  pavement  of  about 
300  to  400.  The  average  volume  of  traffic  for  this  territory  is 
about  800  to  1000  vehicles  per  day  (Class  II  traffic);  that  is,  the 
cost  of  motor  operation  due  to  the  degree  of  perfection  actually 
attained  probably  is  increased  about  $2000  per  mile  per  year  over 
a  system  in  perfect  condition.  As  later  discussed,  it  is  probably 
impracticable  to  attempt  to  maintain  and  renew  a  system  with  a 
maximum  allowable  roughness  before  renewal  of  under  250" 
Vialog  rating.  If  the  system  were  maintained  on  this  basis,  the 
average  coefficient  would  be  about  150  to  200,  which  might  result  in  a 
yearly  saving  in  motor  operation  of  about  S800  per  mile  ($2000 
minus  $1200). 
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Table  108. — Table  of  Possible  Difference  in  Motor  Opera- 
tion Cost  per  Mile  Year    for  Different  Volumes  of 
Traffic  and  Different  Degrees  of  Surface  Rough- 
ness (1923  Cost  Conditions) 
(Based  on  gas  consumption  and  tire  wear) 


Volume  of 
traffic, 

Vialog  coefficient,  inches 

per  mile 

vehicles 

per  day 

50° 

100 

200 

300 

400 

500 

100 

$0 

$      40 

$       120 

$       200 

$      280 

$      360 

500 

0 

200 

600 

1,000 

1,400 

1,800 

1,000 

0 

400 

1,200 

2,000 

2,800 

3,600 

1.500 

0 

600 

1,800 

3.000 

4,200 

5,400 

2,000 

0 

800 

2,400 

4,000 

5,600 

7,200 

3,000 

0 

1,200 

3,6&o 

6,000 

8,400 

10,800 

4,000 

0 

1,600 

4,800 

8,000 

11,200 

14,400 

5,000 

0 

2,000 

6,000 

10,000 

14,000 

18,000 

IO.OOO 

0 

4,000 

12,000 

20,000 

28,000 

36,000 

0  Vialog  rating  of  50"  considered  as  practical  perfection. 

It  is  a  well-recognized  fact  that  funds  have  been  insufficient  and 
that  the  roads  are  too  rough  in  their  last  stages  before  reconstruc- 
tion. The  average  actual  expenditure  for  maintenance  and  renewal 
has  been  about  $1100  per  mile  for  the  last  few  years.  The  discus- 
sion of  maintenance  cost  on  page  524  indicates  that  approximately 
$1500  to  $2000  per  mile  per  year  is  necessary  for  this  territory; 
the  above  data  indicate  that  this  increase  is  probably  justified  from 
the  standpoint  of  economic  motor  operation  as  well  as  for  the  more 
obvious  reason  of  comfort  in  riding. 

Difference  in  Operation  Cost  on  Different  Surfaces. — A  rough 
approximation  can  now  be  derived  on  the  assumption  that  roads 
will  be  maintained  and  renewed  on  the  basis  of  a  maximum  coefficient 
of  roughness  of  250"  Vialog  rating. 

Class  B. — The  macadam  type  of  surface  has  an  initial  rating  of 
100"  and  a  final  rating  of  250",  or  an  average  of  175". 

Class  A. — The  asphaltic  concretes,  cement  concrete,  and  brick 
range  from  50  to  250",  average  150",  giving  an  average  difference 
between  Classes  A  and  B  for  total  life  of  pavement  of  about  25  to 
50"  Vialog  rating.  Expressed  in  money  value  as  yearly  cost  and 
capitalized  cost  for  different  volumes  of  traffic,  Table  109 
is  constructed. 

In  computing  the  total  yearly  cost  of  a  pavement  to  the  com- 
munity it  is  just  as  well  to  give  some  weight  to  this  item  (see  Official 
Reports,  pp.  69  and  771). 

For  average  conditions  in  Division  4,  western  New  York,  con- 
sidering construction,  maintenance,  renewal,  interest  on  construc- 
tion, and  difference  in  motor  operation  cost,  the  general  conclusion 
to  be  drawn  is  that  the  macadam  type  of  surface  usually  becomes 
uneconomical  at  a  volume  of  traffic  of  between  1500  to  2000  vehicles 
daily.  At  this  point  an  old  macadam  road  can  be  resurfaced  with 
asphaltic  concrete  and  brought  up  to  the  operation  efficiency  of 
Class  A  pavements. 
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Table  109. — Table  of  Increased  Cost  of  Operation  on  Mac- 
adam Type  of  Surface  (Class  B)  Compared  with  Class  A 
Surfaces  (1923  Cost  Conditions) 


Increased  yearly- 

Capitalized  value  of 

cost  of  operation 

increased  cost  at  5% 

Volume  of 
daily  traffic 

Per 

Per 

• 

Per  mile 

square  yard 
18'  road 

Per  mile 

square  yard 
18'  road 

100 

$       20 

$      400 

500 

100 

0.01 

2,000 

$0.20 

1,000 

200 

0.02 

4,000 

0  .40 

2,000 

400 

0.04 

8,000 

0.80 

3.000 

600 

0.06 

12,000 

1 .20 

4,000 

800 

0.08 

16,000 

1 .60 

S.000 

1,000 

0. 10 

20,000 

2  .00 

The  student  is  again  cautioned  not  to  overemphasize  the  importance 
of  hair-splitting  economic  value  figures.  They  are  included  to  illus- 
trate general  principles,  and  the  values  and  conclusions  given  through- 
out this  text  have  been  adjusted  to  agree  with  actual  observed  road 
conditions. 

Effect  of  Smoothness  on  Impact. — Table  67  (p.  372),  gave  a 
rough  summary  of  the  U.  S.  Office  of  Roads  investigation  on  impact 
for  known  surface  irregularities.  Impact  increases  rapidly  with 
the  roughness  and  becomes  a  very  destructive  element  unless  the 
pavements  are  kept  moderately  smooth  by  effective  maintenance. 
The  section  on  Design  (p.  373),  assumed  impact  allowances  based  on 
Vk  to  3*2"  irregularities.  An  examination  of  the  Vialog  records 
show  that  such  irregularities  are  quite  common  and  continuous  on 
the  macadam  type  for  an  average  coefficient  of  120  to  200  per  mile 
and  occur  at  joints  and  cracks  quite  frequently  on  the  rigid  type  of 
pavement  with  coefficients  as  low  as  65  to  100  per  mile.  Where  the 
coefficient  rises  to  300  to  500  per  mile  surface  irregularities  of  1  to 
2"  are  quite  common  and  the  pavement  becomes  not  only  uncom- 
fortable and  expensive  to  operate  over  but  also  is  stressed  beyond 
the  design  loading. 

TENTATIVE  MAXIMUM  ALLOWABLE  VIALOG  RATING 

From  the  standpoint  of  comfort,  cheapness  of  operation,  and  cost 
of  construction  due  to  impact  stresses  it  seems  desirable  to  place 
a  maximum  limit  of  roughness  at  about  200  to  250  Vialog  rating. 
As  a  road  ages,  the  cost  of  maintenance  will  increase  to  retain  this 
value  and  when  the  maintenance  cost  exceeds  the  proper  limit  for 
each  type  reconstruction  or  resurfacing  must  be  resorted  to.  It 
is  believed  that  if  rural  pavements  are  designed  according  to  the 
principles  outlined  in  Chapter  VI,  that  the  maintenance  costs  and 
average  life  before  renewal  become  practical  necessities,  either  on 
the  score  of  economy  or  appearance  or  travel  comfort  will  corre- 
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spond  closely  with  the  figures  given  in  Tables  07  and  105  pages 
520  and  536. 

An  examination  of  the  Vialog  records  in  conjunction  with  ordi- 
nary New  York  State  maintenance  costs  and  procedure  indicates 
that  it  is  impracticable  to  attempt  to  reduce  the  maximum  coeffi- 
cient of  allowable  roughness  below  200  to  250,  as  it  would  increase 
maintenance  and  renewal  costs  out  of  all  proportion  to  the  benefits 
derived. 

A  rough  approximation  of  the  maximum  economic  limit  of 
maintenance  cost  per  year  for  the  different  types  is  given  below. 
When  this  limit  is  exceeded,  resurfacing  or  reconstruction  is  desir- 
able from  the  standpoint  of  paving  cost. 


Type  of  pavement 


Class  I 
traffic 


Class  II 
traffic 


Per 

square 
yard 


Per 

mile 


Per 

square 
yard 


Per 

mile 


Class  III 
traffic 


Per 

square 
yard 


Per 

mile 


Asphaltic  concretes.  . 

Brick" 

Cement  concrete3.  .  .  . 
Bituminous  macadam 
Water-bound       mac- 
adam (oiled) 


SO.  17 

o:  17 

o.  17 
o.i7' 


$1700 

$0 .  14 

$1200 

1700 

0. 14 

1200 

1700 

0. 14 

1200 

1700 

0.15 

1300 

$0.12 

0.18 

1600 

0.13 

$1000 
1 100 


0  Resurfaced  with  bituminous  concrete. 

As  a  matter  of  fact,  maintenance  costs  rarely  reach  these  maxi- 
mums before  renewal  is  resorted  to,  as  the  trouble  and  inconvenience 
to  traffic  from  excessive  maintenance  work  are  the  deciding  factors 
rather  than  low  total  cost  of  maintenance  and  renewal.  In  Divi- 
sion 4,  when  it  is  necessary  to  spend  about  $1000  per  mile  to  keep 
a  road  in  fairly  good  shape,  reconstruction  is  resorted  to  on  the  score 
of  practical  expediency. 

The  value  of  smoothness  and  the  economic  limit  of  maintenance 
expenditure  before  renewal  is  resorted  to  completes  the  discussior 
of  maintenance  economics. 


MAINTENANCE  METHODS 

Methods  will  be  treated  in  two  parts:  first,  high-type,  hard-l 
surfaced  pavement,  and,  second,  low-type  earth,  sand-clay  and| 
gravel  roads. 


MAINTENANCE  OF  HARD-SURFACED  PAVEMENTS 

Organization. — A  typical  organization  scheme  for  high-class  state- 
improved  systems  with  extensive  mileage  is  shown  in  Fig.  177. 
For  a  system  of  this  character  (Division  4),  the  work  can  be  effec- 
tively handled  by  a  combination  of  patrol,  gang  work,  and  contract 
awards.     The  success  of  the  program  requires  good  judgment  in 
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a  well-balanced  utilization  of  these  different  methods  supplemented 
by  correct  use  of  materials  and  equipment. 

a.  One-man  Patrol  with  Horse  Rig. — This  organization  unit 
is  very  limited  in  usefulness  for  a  high-grade  compact  system  of 
heavy-traffic  roads.  It  is  useful  for  isolated  roads  under  light 
traffic.  The  usual  length  of  patrol  is  from  3  to  7  miles  (see  Figs. 
178  and  179).  The  usual  price  paid  for  patrolman,  including  horse 
and  rig,  is  about  $4.50  per  day  (1922)  for  about  200  days  per  year. 
In  Division  4,  which  is  used  for  illustrative  purposes,  only  40  out 
of  860  miles  were  maintained  by  horse  patrol  in  1922.  Patrol 
of  this  kind  handles  minor  surface  repairs  of  pavements. 

On  macadam  roads  the  equipment  used  is  as  follows:  one-half- 
cubic-yard  wagon,  pick,  mattocks,  shovel,  broom,  tamper,  rake, 
asphalt  bucket,  scythe,  straightedge,  special  equipment  furnished 
from  division  storehouse  for  scrapping  shoulders,  or  any  specia 
jobs;  stone,  bitumen,  etc.  delivered  in  stock  piles  by  special  truck 
gang. 

On  rigid  pavements,  a  hook  to  clean  out  cracks  and  necessarj 
chisels,  bars,  sledges,  etc.  for  removing  and  replacing  portions  of  the 
pavements  are  provided. 

b.  Small  i-ton  Truck  Patrol  {One  to  Four  Men). — This  organizatior 
is  a  very  useful  and  popular  unit  for  maintenance  work.  It  is 
flexible,  speedy,  and  economical.  The  usual  length  of  patro 
ranges  from  15  to  25  miles  (see  Figs.  178  and  179).  The  usual  pric< 
paid  for  patrolman  including  truck,  is  about  $7.50  per  day  (1922) 
The  usual  price  for  extra  helpers  is  from  35  to  50  cts.  per  hour 
These  patrols  work  about  200  days  a  year  in  northern  climates 
They  take  care  of  minor  surface  repair  of  pavements  and  keej 
shoulders,  ditches,  guard  rail,  culverts  etc.  in  shape.  On  Divisioi 
4  this  type  of  patrol  takes  care  of  530  miles  out  of  the  total  of  86< 
miles.  On  macadam  roads,  the  equipment  consists  of  i-ton  truck 
shovels,  picks,  mattocks,  push  brooms,  rakes,  tampers,  asphalt 
pouring  pots,  ax,  scythes,  straightedge.  These  small  tools  ar< 
supplemented  from  the  general  division  equipment  by  a  smal 
asphalt-heating  kettle,  and  one-bag  batch  concrete  mixer  for  cok 
patch  work  as  required. 

Where  patrols  of  this  kind  work  entirely  on  rigid-pavemen 
roads,  the  force  of  men  is  generally  reduced  to  two. 

c.  Three-ton  Truck  and  Gang  of  Six  to  Twelve  Men. — This  organi 
zation  unit  is  a  recent  development  and  serves  very  efficiently  fo 
work  on  roads  requiring  a  large  amount  of  surface  patching,  smal 
areas  of  complete  reconstruction,  or  extensive  surface  oiling 
Gangs  of  this  nature  do  all  work  not  sufficiently  important  to  war 
rant  formal  contract  awards.  They  are,  as  a  rule,  responsible  for  th( 
direct  maintenance  work  on  from  17  to  40  miles  of  road  (see  Figs 
178  and  179)  and  in  addition  deliver  materials,  reconstruct  weal- 
areas,  and  handle  surface  oiling.  In  Division  4  (used  as  illustra 
tion)  16  gangs  of  this  nature  handled  the  maintenance  on  300  mile; 
and  in  addition  they  reconstructed  in  1922  approximately  4 
miles  of  oad  and  handled  all  the  surface-oiling  treatment  on  th< 
division. 
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The  equipment  required  other  than  the  small  tools  previously 
listed  for  patrol  is  roller,  oil  distributor,  scrapers,  tractors,  any 
special  machinery  desired  (division  equipment  list,  p.  556). 

d.  Contract  Work. — Extensive  reconstruction  and  oiling  are  usu- 
ally handled  by  contract  awards,  but  oiling  is  gradually  being  taken 
over  by  these  gangs,  as  they  do  better  work,  cheaper  than  the  con- 
tract method. 
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A  POOR  COUNTY  HAVING  ISOLATED  STATE  ROADS 

Fig.  178. — Maintenance  patrol  layout. 

Large  Equipment. — The  number  and  kind  of  large  machinery 
required  will  vary  for  each  district.  The  following  list,  Division  4, 
gives  an  idea  of  the  units  found  useful  for  a  territory  of  this  general 
character  as  described  on  page  523.  A  storehouse  with  repair  and 
overhauling  equipment  is  necessary. 

Storehouse  Organization  {Division  4). — A  workshop  equipped  with 
traveling  hoists,  electric  drills,  grinders,  lathes,  milling  machine, 
drill  presses,  and  small  tools  to  enable  mechanics  properly  to  take 
down,  overhaul,  repair,  and  reassemble  trucks  and  other  equip- 
ment, Floor  space  of  workshop  should  be  large  enough  to  plaee 
six  or  eight  trucks  at  a  time  on  the  floor,  say  40  by  80  or  50  by  100'. 

In  addition,  there  should  be  shed  room  enough  to  house  all 
trucks  during  winter  and  equipment  brought  in  for  storage  or  over- 
hauling, also  a  stockroom  for  small  tools. 

Mechanics  at  Storehouse. — One  foreman  mechanic  is  in  charge 
of  storehouse  and  all  equipment,  whether  at  storehouse  or  working 
on  roads.     He  should  have  a  smal]  truck  in  order  to  make  inspec- 
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tion  and  repairs  to  plant  in  field;  also  a  helper  to  be  at  storehouse 
at  all  times.  In  winter  months,  in  order  to  overhaul  trucks  and 
plant  properly,  there  should  be,  in  addition,  at  storehouse  seven  or 
eight  mechanics.  These  latter  could  be  the  best  among  the  truck 
drivers  used  in  the  summer  on  the  road  work. 

Large  Machinery  Equipment  (Division  4) 

(900  miles  of  state  road) 

10-ton  rollers 7 

5-ton  caterpillar  tractors 1 

Steam  scarifiers  to  attach  to  10- ton  rollers 2 

Large  blade  scrapers  (Austin  Rip  Snorter) 1 

4000-lb.  10'  blade  scraper 7 

3-ton    trucks,    supplemented    by    a    few    additional    rented 

trucks,  3  equipped  with  800-gal,  cold-oil  distributors 2c 

i^-ton  speed  trucks 4 

i-ton  Ford  trucks  rented  with  patrolman 3c 

Asphalt  distributors  for  penetration  work  with  roller 3 

Portable  belt-conveyor  unloaders 7 

Street  sweepers  (rotary,  horse  drawn) 7 

Small  one-bag  batch  concrete  mixers  (cold  patch) 15 

Small  concrete  paving  mixers  (three-bag  batch) 2 

Necessary  side  forms  and  small  tools 
Portable  asphalt-heating  kettles: 

300  gal ic 

150  gal ■ .-  -  12 

For  this  division,  quarrying  and  crushing  equipment  is  nol 
needed,  as  commercial  stone  can  be  obtained  readily  at  a  reasonable 
rate. 

MATERIALS  AND  METHODS 

The  general  principle  of  pavement  maintenance  is  to  prevent 
noticeable  wear  rather  than  to  neglect  minor  flaws  and  then  repaii 
serious  damage.  Patch  any  hole  large  or  small  as  soon  as  it  appears. 
"Catch  them  young  and  treat  them  rough."  Effective  mainte- 
nance increases  the  life  of  pavements,  increases  traffic  comfort, 
and  reduces  the  cost  of  traffic  operation.  It  is  the  best  possible 
investment  for  the  community  and  is  essential  to  the  success  of  any 
highway  program.  Maintenance  includes  the  upkeep  of  ditches, 
shoulders,  culverts,  guard  rails,  guide  signs,  and  pavement  repair; 
the  fundamental  principle  of  pavement  work  is  to  repair  like  with 
like;  that  is,  a  hole  in  an  earth  road  should  be  repaired  with  earth, 
gravel  with  gravel,  macadam  with  macadam,  Amiesite  with  Amie- 
site,  Topeka  with  Topeka,  brick  with  brick,  etc.  This  seems  per- 
fectly obvious,  but  it  is  violated  with  clockwork  regularity  and  the 
result  is  a  patch  that  looks  badly,  wears  badly,  rides  badly,  and 
costs  like  the  devil;  it  is  a  great  temptation  to  use  an  easily  manip- 
ulated patching  material  as  a  cure-all  like  David  Harum's  cure 
for  spavin,  ring-bone,  pips  in  hens,  etc.,  but  it  is  poor  policy.  The 
following  discussion  outlines  briefly  the  materials  and  methods  in 
ordinary  well-balanced  practice.. 
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Incidental  Maintenance. — Shoulder  maintenance  consists  in 
cutting  weeds  and  grass  either  with  farm  mower  or  hand  tools, 
maintaining  the  elevation  and  shape  of  the  earth  by  means  of  blade 
scrapers  hauled  with  trucks,  roller  or  tractor  (see  Fig.  179),  drags 
or  hand-tool  methods,  or  the  addition  of  stone,  gravel,  etc.  bound 
with  bitumen  on  the  main-traveled  roads.  The  cost  of  this  work 
has  a  wide  range,  depending  on  the  excellence  of  the  maintenance 
and  on  the  width  of  pavement,  and  volume  of  traffic;  for  pavements 
having  the  widths  recommended  (p.  6),  and  where  the  mainte- 
nance is  fairly  effective,  a  fair  set  of  costs  is  about  as  follows: 

Per  year 

Class  I  traffic  (18'  pavements) $20o-$4oo  per  mile 

Class  II  and  Class  III  traffic  (16'  pavements)    $ioo-$2oo  per  mile 
Class  IV  traffic  (12'  pavements) $100  per  mile 

Ditch  cleaning  is  largely  a  hand-tool  proposition  supplemented 
in  some  cases  by  blade-scraper  work. 

Guard  rail,  signs,  etc.  are  routine  mechanical  operations. 

This  incidental  work  is  about  the  same  for  all  types  of  pavement. 

Macadam  Pavements. — Macadam-pavement  maintenance 
involves  repair  of  small  areas  of  structural  weakness,  such  as  frost 
boils,  etc.,  the  repair  of  potholes  in  the  surface,  due  to  raveling 
of  the  top  course,  and  the  care  of  minor  surface  irregularities  and 
roughness  due  to  traffic  wear. 

Frost  Boils. — Weak  areas  are  dug  up  and  replaced  by  new  pave- 
ment of  adequate  depth  reinforced  by  underdrains  if  necessary; 
this  work  follows  the  principle  of  depth  design  and  construction 
methods  described  under  Macadam  Design  and  Construction 
(pp.  366  to  449).  For  a  well-designed  pavement,  this  kind  of  work 
rarely  exceeds  over  2io  of  1%  of  the  area  per  year.  In  191 7  in 
New  York  State  82  out  of  a  total  of  5600  miles  broke  through,  or 
J-^2%  of  the  area.  These  breaks  occurred  largely  on  the  old, 
thin  roads,  totaling  2000  miles,  or  a  percentage  of  4.2  for  these  old, 
weak  pavements.  For  well-designed  macadam  pavements  the  item 
of  frost-boil  repair  should  not  exceed  $50  per  mile  per  year.  Work 
of  this  kind  is  done  by  the  large  gang  organization  unit  previously 
described. 

Repair  of  Potholes. — Potholes  due  to  ravel  of  the  surface  and  not 
to  structural  weakness  are  of  two  classes:  incipient  depressions  less 
than  3^2"  deep,  and  well-defined  holes. 

The  first  class  of  surface  defect  is  remedied  by  sweeping  out  the 
hole,  painting  it  with  a  thin  coat  of  maintenance  bitumen  (cold- 
patch  fluid)  by  means  of  pouring  pot  and  broom,  adding  dustless 
stone  or  slag  screenings,  and  tamping  thoroughly.  Screenings  con- 
taining sharp  flint  or  other  hard  material  should  not  be  permitted 
on  account  of  tire  damage. 

Well-defined  holes  are  repaired  by  cutting  out  the  edges  of  the 
hole  to  a  square  edge,  painting  the  edge  and  bottom  with  cold- 
patch  liquid,  and  filling  the  hole  with  a  cold-patch  mixture  of  bitu- 
men, stone,  and  sand,  or  stone  and  screenings.  For  depressions 
of  about  1"  depth,  ¥±"  stone  is  used.     Holes  deeper  than  1"  are 


558  MAINTENANCE 

dug  out  to  the  full  depth  of  the  top  course,  squared  up  and  filled 
with  regular-sized  top  stone  (i^£  to  2^"),  rolled  with  a  10-ton 
roller.  Some  engineers  advocate  light  rolling,  but  experience 
indicates  that  the  stone  should  be  hard  rolled  but  not  crushed. 
Hot-binder-grade  bitumen  is  then  poured  as  for  penetration  mac- 
adam and  filled  with  screenings.  The  patch  is  rolled  lightly  at 
once  and  thoroughly  the  next  morning  after  the  bitumen  has  hard- 
ened a  little.  A  seal  coat  can  be  added,  but  is  rarely  necessary, 
as  patching  of  holes  is  generally  preliminary  to  extensive  surface 
oiling.  Work  of  this  kind  is  done  by  the  regular  patrol  gang. 
The  amount  of  material  required  has  a  wide  range  for  different 
roads. 

In  1922,  patching  holes  of  this  kind  on  Division  4  required  from 
10  to  60  tons  of  stone  or  slag  per  mile  (50%  %"  and  50%  screenings) 
and  from  200  to  1200  gal.  of  some  kind  of  bitumen  per  mile.  Cost 
of  this  work  is  difficult  to  segregate,  but  is  probably  about.  Si 5c 
to  $200  per  mile  average  on  water-bound  and  about  $50  to  Sioc 
per  mile  on  bituminous  macadam  under  Class  II  and  Class  III 
traffic. 

Cold-patch  bituminous  compounds  are  a  comparatively  recent 
development.  There  are  a  number  of  satisfactory  materials  on 
the  market,  the  best  known  being  some  form  of 

1.  Asphaltic  emulsion. 

2.  Tar  cut  back. 

3.  Asphalt  cut  back. 

Good  results  can  be  obtained  with  all  these  materials.  Locally, 
the  best  results  have  been  obtained  with  the  asphaltic  emulsion, 
but  it  is  the  most  expensive  and  will  not  keep  over  winter.  The 
tar  cut  back  is  better  for  early  spring  use  as  it  flows  better  at  cool 
temperatures  and  is  not  damaged  by  winter  storage.  The  cut  back 
cold-patch  mixture  requires  from  15  to  20  gal.  of  standard  fluid 
per  cubic  yard  of  mixed  stone  and  sand,  or  stone  and  screenings. 
Asphalt  emulsion  requires  a  little  more,  about  0.9  gal.  per  cubic 
foot  of  stone.  The  manipulation  of  this  material  is  well  described 
in  the  following  quotation  from  the  Barrett  Company's  "Vest 
Pocket  Handbook."  Maintenance  men  say  that  the  greatest 
difficulty  they  experience  in  connection  with  the  use  of  this  material 
is  the  tendency  on  the  part  of  the  patrolman  to  use  too  much  fluid 
as  the  mixture  is  easier  to  prepare  under  such  treatment.  Don't 
use  too  much  bitumen,  as  it  produces  a  patch  which  tends  to  creep 
and  shove  under  traffic  action. 


MANIPULATION  OF  TARVIA-KP 

"  Tarvia-KP  is  a  material  that  can  be  used  for  patching  at  any  time  of  the 
year.     It  is  as  serviceable  in  winter  as  it  is  in  summer. 

"Intelligent  use  keeps  bituminous  macadam  and  other  bituminous  pave- 
ments in  perfect  condition  all  the  time.  Holes  in  wood  block,  brick,  and 
stone  block  may  be  successfully  patched  with  it. 

"Tarvia-KP  is  used  cold.  It  is  used  at  any  time,  in  any  place.  A  batch 
of  the  mix  may  be  made  today,  and  need  not  be  used  until  it  is  required, 
weeks  hence.  Batches  may  be  made  on  rainy  days  and  stored  away  for 
use  later  on,  thus  keeping  the  repair  gang  busy,  rain  or  shine. 
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Holes  and  How  to  Patch  Them 

"Usually  holes  are  one  of  two  kinds:  They  either  are  breaks  in  the  skin 
surface  of  the  road,  or  they  are  deep  depressions.  The  breaks  can  usually 
be  mended  by  carefully  sweeping  them  out  and  proceeding  as  is  described 
below  under  the  Penetration  Method;  the  deep  depressions  are  repaired  by 
either  the  mixed  method  or  the  penetration  method. 

Deep  Depressions.    Mixed  Method 

"No  hard-and-fast  rule  for  proportioning  the  ingredients  of  the  mix  can 
be  given,  as  sands  and  stone  vary  greatly  in  quality;  but,  in  general,  the 
following  will  be  found  to  work  satisfactorily: 

"One  cubic  yard  of  a  mixture  of  1  part  sand  and  3  parts  ?£"  stone  (stone 
held  on  %"  screen  and  passing  \Va"  screen),  16  to  18  gal.  of  Tarvia-KP. 

"These  may  be  mixed  by  hand,  using  shovels  and  turning  the  mix  about 
seven  times,  or  they  may  be  mixed  in  a  concrete  mixer  of  the  batch  type.  A 
full  minute  is  required  to  mix  the  materials  in  a  mixer. 

"After  the  mix  has  been  made,  it  may  either  be  used  immediately  on  the 
road  or  it  may  be  stored  away  for  future  use,  covering  it  over  with  a  tarpaulin 
or  other  suitable  shield  to  keep  the  rain  out.  While  the  mix  is  set  away  it 
is  curing.  A  hard  crust  will  form  on  the  outside,  but  this  will  in  no  way 
injure  the  bulk.  The  mix  will  be  found  to  be  in  perfect  condition  6  weeks, 
and  even  longer,  after  mixing.  A  pickax  will  loosen  the  tarred  stone  so  that 
it  may  be  shoveled  into  a  cart  or  wheelbarrow  and  taken  to  the  point  of 
application. 

FILLING  HOLES 

"Cut  the  sides  of  the  hole  vertically,  and  clean  out  the  old  material  thor- 
oughly. If  the  hole  is  over  an  inch  in  depth,  fill  to  within  1"  of  the  top  with 
clean,  broken  stone,  and  tamp.  The  larger  the  stone  up  to  2^",  that  can  be 
used  for  this  work,  the  better.  In  other  words,  the  stone  is  to  furnish  a  firm 
foundation  for  the  patch.  The  stone  should  be  thoroughly  rammed.  Then 
paint  the  hole  to  be  patched  a  light  coat  of  Tarvia-KP  (from  ]4  to  \i  gal.  to 
the  square  yard),  and  deposit  the  mix  therein.  Place  a  quantity  sufficient 
to  fill  the  hole  a  little  more  than  flush  with  the  surface,  and  then  tamp  with 
a  heavy  iron  tamper,  or  roll  with  a  road  roller  until  the  surface  of  the  patch 
is  level  with  the  surrounding  surface  of  the  pavement.  Apply  a  light,  seal 
coat  of  Tarvia-KP,  cover  with  screenings,  and  the  patch  is  ready  for  traffic. 

"A  dish-shaped  shallow  hole  may  be  patched  the  same  way,  or  by  the 
penetration  method. 

"  Great  care  must  be  taken  to  see  that  not  too  much  Tarvia-KP  is  used. 
Use  too  little  rather  than  too  much.  Too  much  acts  as  a  lubricant  for  a  time 
and  tends  to  make  the  patch  creep  out  of  the  hole. 

"It  does  not  matter  how  large  Or  how  small  the  patch  is,  Tarvia-KP  will 
mend  it. 

PENETRATION  METHOD 

"Instead  of  mixing  the  ingredients,  a  penetration-method  patch  may  be 
made.  Owing  to  the  fluidity  of  Tarvia-KP  the  method  is  not  usually  so  good 
as  the  mixed  method  except  for  very  small  holes.  The  hole  is  cleaned  out,  a 
paint  coat  of  the  liquid,  about  J4  gal.  to  the  square  yard,  is  spread  over  the 
bottom,  and  3"  stone  is  deposited  so  that  the  hole  is  slightly  more  than  filled. 
Tarvia-KP  is  then  poured  over  the  stone,  using  for  each  square  yard  about 
Vi  gal.  for  each  inch  in  depth  of  stone.  The  patch  is  covered  with  screen- 
ings and  thoroughly  tamped  with  a  heavy  iron  tamper.  A  light  seal  coat 
about  Yz  gal.  per  square  yard  is  then  spread  over  the  patch  and  it  is  allowed 
several  days  in  which  to  set  up  before  traffic  is  admitted,  although  this  is 
not  absolutely  necessary. 

PATCHING  SHEET  ASPHALT  » 

"The  old  sheet  asphalt  and  binder  should  be  removed  and  the  hole 
cleaned  out.  Paint  the  bottom  of  the  hole  with  a  light  coat  of  Tarvia-KP. 
Place  the  mix,  roll,  spread  the  seal  coat  of  Tarvia-KP,  and  use  screenings  as 
before.     The  mix  should  be  made  as  follows: 

1  For  temporary  relief  only. 
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"One  part  sand,  three  parts  stone,  varying  in  size  and  grading  of  stone  to 
suit  the  hole  to  be  patched  and  local  stone  conditions.  The  mix  should  be  so 
proportioned  that  it  will  tamp  solid.  No  excess  sand  should  be  used  or  a 
rolling  patch  will  develop.  Sixteen  to  eighteen  gallons  of  Tarvia-KP  to 
the  cubic  yard  is  the  usual  requirement. 

MISCELLANEOUS  PATCHINGi 

"Concrete  Pavements. — Holes  in  brick  and  cement  pavements  may  be 
patched  in  the  manner  already  described.  Cracks  in  these  pavements 
may  be  repaired  by  first  cleaning  them  out  thoroughly,  and  then  filling  them 
with  a  mastic  made  of  Tarvia-KP  and  fine  sand,  using  a  slight  deficiency  of 
sand  so  that  the  liquid  may  find  entrance  into  the  crack  or  joint,  and  yet 
not  thin  enough  to  flow  away  easily. 

"Wood-block  Pavements. — It  sometimes  happens  that  a  hole  develops  in 
a  wood-block  pavement  and  that  there  are  no  blocks  available  to  patch 
with.  A  Tarvia-KP  patch,  made  the  same  as  for  bituminous  macadam,  will 
serve  well  until  such  time  as  a  wood-block  patch  can  be  substituted. 

BRIDGE  FLOORS 

"The  wear  and  tear  on  plank  floors  on  bridges  is  considerable  and  has  led 
a  number  of  county  engineers  and  others  to  take  up  the  planks  and  sub- 
stitute a  concrete  floor.  This  is  always  a  dangerous  change  to  make,  for 
the  bridges  are  not  usually  designed  for  the  increased  dead  load  of  a  concrete 
floor.  A  safer  and  better  plan  is  to  put  a  Tarvia-KP  top  over  the  plank  floor. 
This  will  add  comparatively  little  weight  and  will  provide  an  excellent  road- 
way.    The  method  of  construction  is  as  follows: 

"Sweep  the  planks  thoroughly  and  when  they  are  dry  apply  a  light  paint 
coat  of  Tarvia-KP,  about  H  gal.  to  the  square  yard.  Place  a  2"  mixed  top 
made  of  3A"  stone,  sand,  and  the  liquid  in  the  proportions  given  under 
"Holes  and  How  to  Patch  Them."  This  may  be  placed  to  have  a  depth  of 
2W  at  the  center  and  1"  at  the  sides,  when  rolled.  Roll  or  tamp  well,  give 
a  H-gal.  seal  coat  of  the  liquid  and  cover  with  screenings  or  sand. 

RESURFACING  OLD  MACADAM  WITH  TARVIA-KP  MIX 2 

"Usually  the  old  macadam  is  scarified  and  reshaped  with  the  addition  of 
new  stone  if  necessary.  If,  however,  the  surface  is  in  fairly  good  condition, 
the  ruts  and  depressions  are  repaired  with  a  mix  of  crushed  stone  and 
Tarvia-KP.  The  road  is  then  swept  and  a  paint  coat  of  the  liquid  applied 
to  the  entire  road  surface.  On  this  a  mix  of  sand,  broken  stone,  and  Tarvia- 
KP  is  spread  to  a  depth  of  2~W'  and  rolled.  When  the  rolling  is  completed, 
a  seal  coat  of  Tarvia-KP  is  applied  and  the  new  top  is  covered  with  pea 
gravel  or  stone  chips.  The  road  is  allowed  to  set  up  for  several  days  before 
traffic  is  turned  onto  it. 

"The  mix  is  made  in  a  concrete  mixer.  For  a  small  mixer  a  good  propor- 
tion has  been  found  to  be  1  cu.  ft.  of  sand,  4  cu.  ft.  of  stone,  and  3  gal.  of 
Tarvia-KP.  These  are  mixed  for  one  full  minute  at  least,  and  are  then 
dumped  in  a  pile  to  cure  for  a  week.  At  the  close  of  the  day's  work,  a  quart 
of  kerosene  and  two  shovelfuls  of  stone  are  revolved  in  the  mixer  to  clean  it 
out. 

"If  the  mix  shows  a  tendency  to  wave  under  the  roller  to  any  great  extent, 
let  it  cure  for  a  day  or  so.  The  volatile  oils  will  evaporate,  leaving  the  mix 
stiffer  and  firmer. 

"Tarvia-KP  is  supplied  in  barrels.  It  can  be  stored  without  deterioration 
indefinitely,  even  in  winter  weather.  It  is  well,  however,  to  stir  the  contents 
before  using.  The  barrels  hold  approximately  50  gal.  Where  there  are 
facilities  for  storing  the  liquid  in  bulk,  it  may  be  supplied  in  tank  cars.  The 
storage  tank  should  be  supplied  with  coils  or  other  means  for  heating  the 
liquid  in  cold  weather.  Tank  cars  hold  from  8000  to  10,000  gal.  Tarvia-KP 
should  never  be  heated  in  open  tanks  or  kettles.  It  can  never  be  mixed  with 
very  hot  stone  or  sand. 

"Use  Tarvia-KP  sparingly.  You  can  always  add,  but  you  cannot 
subtract." 

1  For  temporary  relief  only. 

2  Resurfacing  with  cold  patch  is  rarely  desirable. 
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Calcium  Chloride  Treatment. — Calcium  chloride  is  often  used  as 
a  temporary  maintenance  method  for  the  first  season  on  water- 
bound  roads.  About  1^  lbs.  per  sq.  yd.  is  applied  by  an  agricul- 
tural drill  for  the  first  application  and  about  1  lb.  per  sq.  yd.  for 
succeeding  applications.  Two  or  three  applications  per  season 
should  keep  a  new  Waterbound  Road  in  good  condition  under 
Class  III  Traffic.  The  particular  value  of  calcium  chloride  is  to 
prevent  ravelling  the  first  season.  Oiling  is  generally  resorted  to 
the  second  season  after  the  road  has  been  well  compacted  by  traffic. 
For  the  cost  of  apply  calcium  chloride  see  page  1220. 

Surface  Oiling. — Surface  oiling  produces  the  final  smooth,  dust- 
less  surface  demanded  by  modern  traffic.  It  is  the  final  stage  of 
macadam  maintenance.  All  structural  defects  and  surface  holes 
must  be  repaired  before  surface  oiling  is  done.  There  are  three 
well-defined  conditions  in  connection  with  this  work  which  require 
different  methods  of  treatment. 

1.  Light  oiling  to  liven  up  a  comparatively  smooth  surface. 

2.  Medium  treatment  to  smooth  and  seal  a  rough  surface. 

3.  Heavy  hot  oiling  with  thick  cover  mat  to  repair  temporarily 
a  road  in  very  poor  condition. 

The  light  type  of  treatment  is  used  where  the  surface  is  smooth 
but  requires  some  bitumen  to  liven  up  the  binder  on  pene- 
tration bituminous  macadams.  For  a  treatment  of  this  kind,  0.2 
to  0.25  gal.  of  bitumen  is  applied  after  the  road  is  swept  clean  of 
dust  and  loose  material  of  all  kinds.  The  oil  is  applied  by 
mechanical  distributors,  one-half  of  the  road  being  treated  at  a 
time  to  avoid  inconvenience  to  traffic.  The  oil  is  immediately 
covered  with  a  light  coat  of  clean,  sharp  sand,  dustless  stone,  or 
slag  screenings,  using  about  18  to  30  tons  of  cover  per  mile  of  16' 
road.  The  road  surface  must  be  clean  when  the  oil  is  applied  but 
slight  dampness  does  no  harm  so  long  as  water  is  not  standing  in 
pools.  Either  a  light  cold  tar  or  light  asphaltic  oil  can  be  success- 
fully used.  Locally,  the  tar  is  preferred  for  treating  water-bound 
macadam  or  tar-penetration  macadams,  and  the  light  asphaltic 
oil  is  preferred  for  treating  asphalt  penetration  macadam  (see 
Specification,  items  B.  and  R.C.O.,  p.  1397  and  1396).  Sharp  sand 
makes  the  best  cover  material,  as  it  is  less  likely  to  cause  excessive 
tire  wear. 

The  medium  type  of  treatment  is  used  where  the  surface  is  rough. 

The  manipulation  is  the  same  as  for  the  light  treatment  except 
that  a  little  more  oil  is  used,  from  0.3  to  0.4  gal.  per  square  yard, 
and  more  cover,  80  to  100  tons  per  mile  of  16'  road;  %"  stones 
rolled  until  they  are  completely  crushed  may  be  used  for  cover, 
but  the  dustless  screening  cover  rolled  in  is  better  practice. 

The  heavy,  hot-oil  treatment  is  used  sparingly,  as  when  a  road 
gets  into  the  condition  where  this  method  is  needed  it  is  generally 
better  policy  to  do  a  good  job  of  resurfacing.  This  method  is  used 
as  a  stop  gap  to  save  a  road  where  the  funds  are  insufficient  for  a 
new  top  course.  From  0.6  to  0.7  gal.  per  square  yard  of  binder-grade 
bitumen  (either  tar  or  asphalt)  is  applied  hot  to  the  well-cleaned 
surface  and  covered  with  from  100  to  130  tons  per  mile  (16'  road) 
3f  a  mixture  of  about  75%  %'  stone  and  25%  dustless  screenings. 
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This  cover  is  rolled  hard  until  all  the  %"  stones  are  crushed  down 
to  the  screening  size.  The  cost  of  this  treatment  ranges  from 
$1200  to  $1600  per  mile  of  16'  road  (1922  cost  conditions). 

Surface  oiling  of  either  the  light  or  medium  method  is  routine 
procedure  in  macadam  maintenance.  It  starts  the  second  season 
on  water-bound  roads  and  continues  at  irregular  intervals  through- 
out the  life  of  the  surface.  It  costs  on  the  average  about  S3 50  to 
$450  per  mile  for  each  oiling,  which  amounts  to  about  $300  per  mile 
per  year  average  under  Class  II  traffic  for  the  water-bound  type. 
On  penetration-bituminous-macadam  roads  it  starts  the  second 
season  on  tar  penetration  and  the  third  or  fourth  season  on  asphalt 
penetration  and  continues  at  irregular  intervals  as  required.  It 
costs  about  $350  to  $450  per  mile  for  each  oiling,  which  amounts  tc 
about  $150  to  $200  per  mile  per  year  average  under  Class  II 
traffic.     All  costs  are  1922  cost  conditions. 

The  following  tabulation  gives  a  rough  idea  of  the  relation  of  the 
different  items  of  maintenance  to  total  yearly  cost  for  16'  macadarr 
roads  well  designed  and  reasonably  well  maintained. 


Class  of  work 


Bituminous 

macadam, 

Class  II  traffic, 

cost  per  mile 


Water-bound 

macadam, 

Class  III 

traffic,  cost 

per  mile 


Repair  of  weak  areas .  . 

Surface  patching 

Surface  oiling 

Shoulders,  ditches,  etc. 

Totals 


$50    • 
S  50-S100 
150-  200 
ISO 


S400-S500 


$50 
$150-3200 

200-  300 
100 


S500-S650 


Note. — Each  of  these  items  includes  an  allowance  of  10%  for  administra 
tive  overhead  and  equipment. 

The  following  quotation  from  the  report  of  Fred  Sarr,  forme 
Maintenance  Deputy  of  New  York  State,  reinforces  the  data  given 

"Efficient  maintenance  of  macadam  pavements,  particularly  of  the  water 
bound  type,  of  which  there  are  2535  miles  in  the  state  system  of  improvec 
highways,  necessitates  frequent  surface  treatments  with  bituminous  materia 
or  constant  patching  of  the  holes  that  rapidly  develop  under  the  present 
day  motor-vehicle  traffic. 

"Frequent  surface  treatments  are  objectionable  not  only  from  a  traffi< 
standpoint,  but  from  the  fact  that  such  treatments  tend  to  build  up  ai 
unstable  mat  of  bituminous  material  and  mineral  aggregate  on  the  surfac< 
of  the  pavement  that  is  displaced  by  the  fast-moving  motor  vehicle  traffic 
and  develops  a  rough  and  uneven  surface. 

"It  has,  accordingly,  been  the  policy  of  this  Bureau  to  restrict  the  use  o 
surface  treatments  and  wear  the  surface  mat  down,  as  this  is  possible  befon 
giving  another  general  surface  treatment. 

"This  method,  while  tending  to  provide  a  smoother  surface,  require: 
constant  patching  during  the  later  stages  of  the  wearing-down  process. 

"  Much  time  and  thought  have  been  given  to  the  study  of  the  result: 
obtained  by  various  methods  of  manipulation  and  materials  used  in  patching 
macadam  surfaces. 

"In  making  these  patches  to  pavements  carrying  any  considerable  araouni 
of  motor-vehicle  traffic,  it  is  necessary  to  bind  the  mineral  aggregate  witl 
some  form  of  bituminous  material. 

"Light  asphaltic  oils  and  refined  tar  products,  similar  to  those  used  foi 
surface  treatments,  have  been  used  extensively  for  light,  thin  patches,  paint- 
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ing  the  area  to  be  patched  with  the  bituminous  material  and  covering  with 
stone  chips  or  sand. 

"Heavy  binders  that  require  heating  have  been  used  in  the  same  manner. 
"The  most  satisfactory  results  have  been  obtained,  where  the  required 
patch  must  be  \$,"  or  more  in  depth,  by  mixing  the  mineral  aggregate  with  a 
heavy  asphalt  or  tar  binder,  cut  back  with  light  voltaic  oils  to  a  consistency 
that  will  mix  readily  with  the  mineral  aggregate  when  cold,  also  with  an 
emulsified  asphalt  binder  in  the  same  manner. 

"The  bituminous  material  and  stone  aggregate,  being  mixed  either  by 
hand  or  in  a  small  concrete  mixer,  permits  of  a  proper  proportioning  of  the 
materials,  which  has  been  demonstrated  to  be  about  6  %  in  weight  of  solid 
bitumen  or  mineral  aggregate  used,  or  about  1  gal.  of  the  cut  back  or  emul- 
sion per  cubic  foot  of  crushed  stone. 

"With  asphalt  cut  back,  the  best  results  have  been  obtained  by  using  a 
material  made  from  an  asphalt  binder,  having  a  penetration  of  about  165, 
cut  back  with  about  33  %  in  weight  of  naphtha. 

"With  tar  cut  back,  the  best  results  have  been  obtained  with  a  material 
made  from  a  refined  tar  binder  having  a  melting  point  of  about  6o°C.,  cut 
back  with  about  40%  in  weight  of  tar  oils,  of  which  at  least  60%  shall  distil 
up  to  235°C. 

"A  very  satisfactory  material  for  patching  purposes  is  an  emulsified  asphalt 
:ontaining  about  65  %  of  asphalt  binder  having  a  penetration  of  about  165. 

"This  material  may  be  diluted  with  water  if  desired,  and  may  be  mixed 
.vith  wet  mineral  aggregate  when  found  in  that  condition.  It  readily  sepa- 
ates  from  the  emulsified  state  when  combined  with  crushed  stone  in  the 
so-called  open  mix. 

"The  resultant  adhesive  qualities  of  an  emulsified  asphalt  appear  to  be 
setter  than  can  be  obtained  by  the  same  asphalt  in  any  other  form. 

"The  only  tangible  reason  advanced  for  this  result  is  that  water  in  the 
mulsion  may  carry  the  binder  into  the  pores  of  the  material  or  pavement  to 
vhich  it  is  applied. 

"The  patch  made  with  emulsified  asphalt  hardens  to  a  condition  of  stabil- 
ty  much  quicker  than  one  made  with  cold  oils  or  tars  or  cut-back  binder 
hat  we  have  used,  and  is,  for  this  reason,  preferable  to  those  materials  for 
>atching  work  on  heavy-traffic  highways. 

"Very  good  results  have  been  obtained  with  the  cut-back  tar  cold-patch 
naterial,  particularly  on  medium-  to  light-traffic  highways,  where  the 
>atching  material  is  not  thrown  about  by  traffic  to  any  great  extent. 

'In  order  to  obtain  efficient  results  in  patching  with  a  tar  binder,  it  is 
tecessary  to  make  a  so-called  close  mix,  by  using  a  graded  mineral  aggregate 
laving  a  minimum  amount  of  voids,  which,  however,  will  not  permit  the 
olatile  oils  to  evaporate  as  fast,  and  the  patch  to  become  stable  as  quickly 
s  may  be  obtained  with  asphalt  emulsion  when  used  in  the  open  mix.  It  is, 
ccordingly,  preferable  when  using  tar  to  mix  same  with  the  mineral  aggre- 
ate  and  leave  in  shallow  piles  for  about  2  days  before  applying  to  the  road 
urface. 

"The  necessity  for  using  the  close  mix  with  tar  binders  is  due  to  the  fact 
iiat  tar  products  are  more  susceptible  to  the  heat  and  cold  than  asphalts. 
e  "In  other  words,  if  starting  with  the  two  materials  of  the  same  consistency 
I  t  6o°F.  the  temperature  is  raised  to  that  of  a  pavement  on  a  hot  summer 
ay,  say  I30°F.,  the  tar  is  much  more  fluid  than  the  asphalt  and  tends  to 
ow  away  from  the  open  minimum  aggregate,  and  the  open  patch  will  show 
tendency  to  ravel.  Again,  when  the  temperature  is  reduced  to  that  of  a 
avement  on  a  winter  day,  the  tar  becomes  much  more  brittle  than  the 
sphalts  and  again  the  open  patch  with  tar  binder  is  much  more  liable  to 
ivel  out  than  one  made  with  asphalt  binder. 

"A  comparison  of  the  result  obtained  with  the  two  materials,  each  of  which 

Jmtains  a  quantity  of  the  semivolatile  oils  sufficient  to  permit  them  to  be 

replied  to  the  surface  of  the  pavement  at  6o°F.  as  a  surface  treatment, 

monstrates  that  the  tar,  by  reason  of  its  greater  fluidity  on  a  hot  summer 

ly,  will  penetrate  the  old  pavement  to  a  greater  extent  than  the  asphalts, 

id  thereby  serves  more  as  a  binder  to  the  old  pavement.     It  is  for  this 

ason  that  cold  tars  are  generally  used  as  the  first  and  second  treatment  of 

water-bound    macadam    pavement.     Subsequent    treatments    of    heavy 

phaltic  oils,  carrying  about  65  %  of  solid  bitumen,  will  give  more  efficient 

d  lasting  results  if  used  conservatively,  that  is,  if  the  successive  treatments 

not  follow  each  other  too  closely. 

"When  successive  treatments  are  given  every  year  as  a  dust  layer  to 
::  'viate  the  necessity  for  patching,  cold  tar  is  preferable  in  that  it  does  not 
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build  up  a  mat  on  the  surface  of  the  pavement  to  the  extent  obtained  with 
asphaltic  oils. 

"Provided  a  mat  is  built  up  with  successive  tar  treatments,  the  same  will 
generally  lie  flat  and  not  shove  under  traffic,  and  develop  a  wavy  and  corru- 
gated surface  as  is  often  obtained  with  too  frequent  surface  treatments  with 
asphaltic  oils. 

' '  This  resulting  difference  is  due  to  the  aforesaid  difference  in  consistency 
of  the  pavements  at  summer  temperatures. 

"The  tar,  being  so  fluid  at  summer  temperature,  appears  to  retain  a  smooth 
surface  by  the  effect  of  gravity,  while  the  asphalt  simply  softens  sufficiently 
to  permit  the  surface  mat  to  be  displaced  by  traffic,  which  displacement 
increases  from  day  to  day  and  often  necessitates  the  entire  removal  of  the 
old  mat. 

"Another  factor  to  be  considered  in  deciding  upon  the  material  to  be  used 
for  the  surface  treatment  is  the  condition  of  the  old  pavement. 

"Where  the  old  macadam  is  composed  largely  of  small  particles  of  crushed 
rock  and  dust,  and  is  in  a  more  or  less  loosened  condition,  and  is  subject  tc 
displacement  by  traffic,  a  light  asphaltic  oil  is  preferable  to  cold  tar  foi 
surface  treatments.  The  asphaltic-oil  treatment  develops  into  a  mat  01 
carpet  over  the  macadam  which  remains  more  or  less  plastic,  even  at  low 
temperatures,  and  displacement  of  the  macadam  under  traffic  does  not  resull 
in  the  shattering  and  the  ultimate  destruction  of  the  mat  to  the  extenl 
obtained  under  similar  conditions  with  tar  treatments. 

"Also  for  the  same  reason,  asphaltic  oils  give  the  best  results  on  pavements 
where  steel-shod  traffic  predominates. 

"The  best  results  obtained  with  tar  treatments  are  where  the  old  macadan 
pavement  is  clean  or  free  from  dust  and  where  the  pavement  is  firm  anc 
sound,  and  the  stone  fragments  do  not  displace  under  traffic,  and  when 
motor-vehicle  traffic  predominates,  also  where  a  minimum  amount  of  cove: 
material  is  used  in  conjunction  with  bituminous  material. 

"Macadam  pavements  surface  treated  with  tar  are,  however,  much  mor> 
slippery  for  horse  traffic  in  cold  weather  than  those  treated  with  asphalti 
oils. 

"In  my  report  of  a  year  ago,  I  discussed  to  some  length  the  subject  of  th 
extensive  breaking  through  of  many  of  the  pavements  during  the  sprin; 
months. 

"Referring  to  such  report,  it  will  be  noted  that  the  total  area  actuall; 
broken  through  during  the  spring  of  1916  was  equivalent  to  82  miles  o 
pavement  16'  wide,  and  that  the  broken  areas  were  distributed  over  man; 
projects  aggregating  to  a  total  of  1939  miles,  of  which  an  average  of  4.2  c, 
was  broken  through. 

"During  the  season  of  1916,  about  75%  of  the  total  broken  areas  wa 
substantially  repaired,  and  about  238  miles  of  the  weaker  pavements  wer 
resurfaced. 

"The  spring  of  191 7  appeared  to  be  a  repetition  of  the  previous  year  as  t 
the  amount  of  broken  pavements. 

"The  result  of  a  survey  to  determine  the  extent  of  the  broken  pavements 
when  tabulated,  indicates  that  the  total  broken  areas  were,  however,  bu 
60  %  of  the  total  of  the  previous  year. 

"The  total  length  of  the  various  projects  involved  aggregated  2090  miles 
about  9%  larger  than  those  reported  in  the  previous  year.  Of  this  tote 
length  the  equivalent  of  about  48  miles  of  pavement  16'  wide  was  broke 
up,  or  about  2%  %  of  the  total  length  involved." 

Asphalt,  Topeka  Mix,  Amiesite,  Etc. — The  holes  which  develo 
in  the  bituminous-mixing-method-type  wearing  surfaces  should  b 
repaired  as  follows:  Excavate  the  old  material  at  the  defective  spo 
the  entire  depth  of  the  course,  so  that  the  edges  will  present  clear 
vertical  surfaces,  these  surfaces  and  the  exposed  foundation  to  b 
swabbed  or  painted  with  hot  asphaltic  cement  or  paving  pitch 
the  hole  then  to  be  filled  with  a  mixture  similar  to  that  used  in  orig 
inal  construction  whenever  practicable,  using  a  sufficient  quantit 
so  that  after  consolidation  or  rolling  (or  tamping  in  case  the  exten 
of  repairs  is  limited)  the  surface  of  the  new  patch  will  be  34 
above  the  adjacent  pavement.     In  case  no  local  mixing  plant  i 
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available,  or  the  limited  extent  of  repair  does  not  justify  the 
expense  of  treatment  as  above,  holes  may  be  repaired  with  the 
mixture  of  crushed  stone  and  cold-patch  asphaltic  emulsion,  as  out- 
lined for  macadam  surfaces  page  558. 

MAINTENANCE   (CONCRETE  PAVEMENTS)  1 

"Maintenance  should  be  systematic  and  imperfections  given  immediate 
attention. 

"Cracks  and  Joints. — The  crack  or  joint  should  first  be  cleaned  with  a 
harp-hooked  pick  and  stiff  brush,  care  being  taken  to  remove  all  loose 

f)articles.  If  the  opening  is  too  narrow  to  permit  cleaning  in  this  manner, 
t  should  be  cleaned  with  an  air  jet  from  an  automobile  tire  pump.  After 
thorough  cleaning,  tar  should  be  poured  into  the  crack  in  sufficient  quantity 
just  to  flush  over  the  edges.  The  tar  should  then  be  covered  with  coarse, 
dry  sand.  It  will  usually,  be  found  desirable  to  remove  old  joint  material 
to  a  depth  of  3-£  to  3^"  below  the  surface  of  the  concrete,  so  that  new  repair 
materials  will  have  a  good  bond. 

'Care  shall  be  taken  not  to  pour  the  tar  in  such  quantities  that 
an  unsightly  wide  strip  is  made  on  the  surface.  By  bending  the  spout  of  the 
tar  pot  so  that  a  long,  narrow  opening  is  provided,  the  tar  can  be  poured  in  a 
very  thin,  narrow  stream.  It  needs  but  a  little  attention  to  pour  cracks  so 
that  a  narrow  ribbon  of  tar  1  to  2"  in  width  is  left. 

'Tar.— Refined  coal  tar  should  be  used,  having  a  melting  point  (}>i "  cube 
method  in  water)  of  about  ioo°F.  The  tar  should  be  heated  from  225  to 
250°F.  at  the  time  of  application  and  may  be  applied  by  means  of  a  sprinkling 
can  with  spray  nozzle  removed." 

"Surface  Pockets.— A  pocket  in  the  surface,  1  to  3"  in  size,  due  to  soft 
aggregates  or  the  disintegregation  of  a  lump  of  clay,  or  a  piece  of  coal  or 
wood,  should  first  be  thoroughly  cleaned.  It  should  then  be  filled  with 
hard,  small  aggregates,  ranging  in  size  from  J4  to  %".  Hot  tar  should  then 
be  poured  into  the  opening  until  the  tar  is  flush  with  the  surface.  Very 
coarse,  dry  sand  should  then  be  sprinkled  on  the  tar  immediately. 

"A  cold  mix  of  small  stone  and  emulsified  asphalt  has  been  successfully 
used  for  this  type  of  repair  work  (see  p.  558). 

"Slight  Depressions. — If  for  any  cause  a  slight  depression  has  formed,  it 
can  be  coated  with  tar,  very  coarse  sand  added,  covered  with  tar  and  the 
whole  covered  with  sand  and  tamped  into  place. 

"Replacements. — If  it  is  necessary  to  cut  a  hole  through  the  entire  thick- 
ness of  the  concrete  slab,  gravel  should  be  placed  in  the  subbase  and  thor- 
oughly rammed,  so  as  to  form  a  compacted  base  on  which  the  new  concrete 
will  rest.  Where  water  has  been  allowed  to  stand  in  such  a  place,  it  should 
be  compacted  after  the  water  has  been  removed  and  just  before  laying  the 
concrete.  Before  placing  the  concrete  the  sides  of  the  opening  should  be 
painted  with  a  mixture  of  neat  cement  and  water. 

"The  consistency  of  the  concrete  should  be  sufficiently  stiff  to  require 
considerable  tamping  to  bring  water  to  the  surface  so  that  it  may  be  possible 
to  ram  it  thoroughly  into  place.  A  small  tamp,  made  of  a  2  by  1"  stick, 
18"  long,  should  be  used  to  ram  the  concrete  adjacent  to  the  edges. 

"After  the  concrete  is  rammed  into  place,  it  should  be  struck  true  to  the 
surrounding  surface.  A  repair  made  in  this  manner  cannot  be  told  from  the 
bid  pavement  after  a  few  months  use. 

"A  new  patch  should  be  kept  moist  for  at  least  4  or  5  days,  and  protected 
:rom  traffic  at  least  10  days.  By  the  use  of  Lumnite  cement  patches, 
;raffic  can  operate  within  24  hours." 

Repair  of  Concrete  Pavement  with  Quick-setting  Cement. — 
During  the  season  of  1925,  the  New  York  State  Bureau  of  High- 
ways under  the  supervision  of  County  Assistant  Engineer  J.  A. 
Small  repaired  the  cement-concrete  pavement  of  Highways  5422 
ind  5469  in  Orleans  County,  by  removing  broken  pavement  and 
replacing  with  concrete  of  Lumnite  cement.  The  total  area  replaced 
amounted  to  about  3000  sq.  yd.  On  Highway  5422,  6%  of  the 
otal  area  was  replaced,  and  on  Highway  5469  2%  of  the  total 

1  Quoted  from  Portland  Cement  Association  Handbook. 
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area.  These  roads  were  built  in  1914  of  1;  i^  :3  concrete  and 
were  6"  thick,  not  reinforced.  The  areas  removed  varied  from 
corner  breaks  of  about  1  sq.  yd.  to  patches  extending  the  full  width 
of  pavement,  90'  in  length. 

The  defective  pavement  on  one-half  the  pavement  was  repaired 
before  doing  anything  with  the  opposite  side.  Traffic  was  not 
held  up  or  inconvenienced  to  any  great  extent  during  the  progress 
of  the  work  except  at  the  site  of  the  work,  where  one-way  traffic 
only  was  possible.  The  total  length  of  pavement  under  repair  at 
one  time  was  not  more  than  3^  mile,  generally  less.  Traffic  was 
warned  by  portable  signs  placed  at  each  end  of  the  work  and  moved 
as  the  work  progressed.  These  signs  were  of  wood,  5  by  7'  and 
lettered  as  follows: 

Danger 

Repair  Wore  Ahead 

One-way  Traffic 

Go  Slowly 

When  traffic  was  heaviest  flagmen  were  placed  at  each  end  of 
the  location  of  the  work  to  direct  traffic.  The  average  traffic  was 
about  150  vehicles  per  hour.  As  no  serious  and  very  few  minor 
accidents  occurred  either  to  vehicles  or  to  workmen,  the  method  of 
carrying  on  the  work  was  considered  satisfactory. 

The  first  operation  of  the  work  was  the  stocking  of  repair  mate- 
rials, sand  and  stone,  at  convenient  places  along  the  road  shoulder. 
These  stock  piles  were  placed  so  that  a  considerable  amount  of 
repairing  could  be  done  with  one  set  up  of  the  mixer.  These  piles 
were  placed  not  nearer  the  edge  of  pavement  than  3'  in  order  to 
lessen  danger  to  traffic.  Cement  was  kept  at  a  central  storehouse 
and  brought  on  the  job  daily  as  used. 

The  next  operation  was  the  removal  of  defective  pavement. 
Only  those  blocks  that  were  shattered  and  uneven,  and  corner 
breaks  that  were  depressed  below  the  level  of  the  adjacent  pave- 
ment, were  removed.  Blocks  or  areas  that  were  cracked  but  not 
out  of  grade  with  adjacent  pavement  were  not  removed,  as  it  was 
soon  discovered  that  no  bond  could  be  made  between  the  new  and 
the  old  pavement  and  therefore  there  was  no  value  or  use  in  replacing 
old  pavement  which  was  cracked  only  with  a  new  patch  that  would 
also  show  the  joint  between  new  and  old 

The  defective  areas  were  broken  up  into  one-man  size  pieces  by 
means  of  air  drills  operated  by  an  air  compressor  mounted  on  a 
four-wheel  army  auto  trailer.  The  air  compressor  used  on  this 
job  was  an  Ingersoll-Rand  outfit,  which  operated  two  drills  at  the 
same  time.  The  drill  itself  was  a  pavement  breaker  and  was 
operated  by  the  systems  of  splitting  or  wedging  of  a  small  piece  of 
concrete  at  a  corner  or  edge  and  then  working  back  into  the  slab  by 
breaking  off  successive  small  pieces.  The  gang  consisted  of  two 
drill  runners  and  two  laborers.  These  laborers  assisted  in  moving 
the  machine  and  attended  to  spreading  apart  the  broken  pieces  of 
concrete  so  that  the  next  piece  could  be  split  off  by  the  drill.     In 
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general,  the  drill  was  some  distance  ahead  of  the  concrete  mixing 
gang  so  that  the  concrete  in  the  areas  broken  up  by  the  drill  was 
ieft  in  place  so  that  traffic  could  go  over  them  until  the  gang  engaged 
in  removing  this  concrete  came  along. 

This  gang  removed  the  broken  concrete,  trimmed  off  the  edge 
oi  the  pavement,  and  excavated  the  subgrade  to  a  depth  of  from  7^-2 
to  9"  below  the  top  of  the  adjacent  pavement.  Usually  it  was 
impracticable  to  load  the  broken  material  on  trucks  at  the  time  of 
removal  on  account  of  traffic  using  the  other  side  of  the  highway. 
Consequently,  this  material  was  piled  along  the  shoulder  for 
emoval  later,  or  used  to  widen  out  the  shoulder  at  the  location  of 
the  patch  if  practicable. 

In  the  beginning  of  the  work  no  care  was  taken  in  trimming 
the  edge  of  the  old  pavement  after  the  drilling  operation,  as  it  was 
not  thought  necessary.  It  was  soon  discovered,  however,  that  if 
any  of  the  new  concrete  extended  over  the  old  pavement  in  a  com- 
paratively thin  layer,  it  invariably  cracked  or  spalled  off,  leaving  a 
ragged  edge  to  the  patch.  Consequently,  thereafter  the  raw  edge 
di  the  old  pavement  was  trimmed  by  means  of  a  mason's  spalling 
hammer  to  a  line  having  no  sharp  corners,  no  top  spalls,  and  with 
the  edge  as  near  vertical  as  possible  or  slightly  undercut. 

No  attempt  was  made  to  strengthen  the  subgrade  under  the 
patches  of  small  area  for  the  purpose  of  preventing  them  from  being 
depressed  under  traffic.  It  was  considered  that  to  make  the 
foundations  of  the  patch  stronger  than  the  adjacent  old  pavement 
would  tend  to  allow  the  old  pavement  to  be  depressed  below  the 
new.  Any  defect  in  the  foundations,  however,  such  as  large  bould- 
ers found  under  the  old  pavement,  were  removed  and  the  subgrade 
made  as  nearly  uniform  as  possible.  In  a  few  cases,  also,  a  founda- 
tion filler  of  4"  of  stone  screenings  was  placed  under  some  small 
patches  to  determine  if  such  treatment  would  have  any  effect  in 
sustaining  the  new  patch. 

The  location  of  open  holes  of  small  size  in  the  pavement  was 
indicated  to  the  traveling  public  by  means  of  broken  pieces  of 
concrete  placed  at  the  ends  and  side  towards  the  center  of  the  high- 
way. Large  repair  sections  were  barricaded  with  lumber  barricades. 
Also  at  both  ends  of  the  section  upon  which  work  was  being  carried 
on  were  placed  barricades  with  warning  signs.  All  openings  or 
fresh-placed  patches  were  indicated  by  red  lights  at  night. 

The  operation  of  filling  the  open  holes  with  quick-setting  concrete 
was  the  next.  On  a  large  area  to  be  filled,  the  mixer  was  set  as 
near  the  opening  as  convenient,  when  the  holes  were  smaller, 
but  comparatively  near  together,  one  set-up  was  used  for  holes 
within  100'  or  so  of  each  side  of  the  mixer.  The  mixed  concrete 
was  taken  from  the  mixer  to  place  by  means  of  wheelbarrows. 
When  the  holes  were  farther  apart  and  scattering,  the  concrete 
was  loaded  into  a  H-yd.  dump-cart  trailer  and  hauled  to  place  by 
means  of  a  speed  truck.  The  mixer  gang  consisted  of  one  man 
operating  the  mixer,  four  men  shoveling  into  the  mixer,  and  three 
or  four  men  wheeling.  The  mixture  used  approximated  1:2:4  mix. 
Stone  was  of  the  %"  or  No.  2  size,  New  York  State  Standard. 
Sand  was  local  and  generally  ran  coarse.     Water  was   hauled  to 
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the  location  of  the  mixer  in  a  tank  truck  trailer.     This  tank  trailer 
was  set  up  at  the  division  shop  and  consisted  of  two  250-gal.  army  | 
gasoline  tanks  mounted  on  a  four-wheel  army  trailer.     The  mixei 
used  was  a  one-bag  Little  Wonder  with  hoist. 

In  placing  the  concrete,  a  form  was  placed  along  the  outer  edge 
of  the  pavement  and  held  in  place  by  iron  pins.  The  bottom  oi 
the  excavations  and  edges  of  the  old  pavement  were  sprinkled  with 
water.  At  first  the  edges  of  the  old  pavement  against  which  the 
new  concrete  was  to  be  placed  were  painted  with  a  neat  cemenl 
grout  in  hopes  it  would  assist  in  obtaining  a  bond  between  the  new 
and  old.  It  was  soon  evident  that  no  bond  could  be  obtained  strong 
enough  to  sustain  the  weight  of  traffic  passing  over  the  highway 
or  even  to  prevent  cracks  forming  when  the  concrete  contractec 
upon  setting.  Therefore  no  attempt  was  made  to  obtain  any  bond 
Each  separate  patch  must  sustain  the  weight  coming  upon  it 
In  the  case  of  two  adjacent  corner  breaks  it  was  found  that  nc 
advantage  was  obtained  in  replacing  the  expansion-joint  materia 
between  the  two  new  corners.  In  fact,  it  was  better  construction 
to  make  the  two  patches  continuous,  thus  giving  a  larger  bearing 
surface  on  the  subgrade.  Care  was  taken  to  get  mortar  nex" 
to  the  old  concrete  and  to  spade  the  concrete  under  the  old  slal 
where  necessary.  The  new  patch  was  screeded  so  as  to  give  1 
smooth-riding  surface  in  connection  with  the  adjacent  pavement 
This  made  it  necessary  to  place  some  patches  across  the  pavemen 
and  some  others  longitudinally. 

In  curing  the  quick-setting  Lumnite  cement  it  was  necessary 
to  keep  the  concrete  wet  during  the  period  of  setting,  at  which  tirm 
considerable  heat  is  generated.  Generally,  within  5  hr.  of  mixinj 
watering  must  be  commenced,  and  the  concrete  kept  wet  or  damj 
for  about  15  or  20  hr.  thereafter.  This  was  done  by  means  of  ; 
hand  sprinkling  pot.  Water  was  kept  in  barrels  at  convenien 
intervals  along  the  work.  This  sprinkling  was  done  at  night  b] 
the  night  watchman.  Some  difficulty  was  experienced  in  gettinj 
a  man  who  would  faithfully  keep  the  pavement  sprinkled.  Thi: 
man  was  on  duty  from  5  p.m.  until  7:30  a.m.  at  which  time  the  regu 
lar  gang  took  up  the  work  continuing  sprinkling  as  long  as  th< 
concrete  showed  any  heat.  Generally,  sprinkling  every  15  min 
for  the  period  of  from  5  to  10  hr.,  and  at  half  hours  or  longer  inter 
vals  thereafter,  was  sufficient. 

On  the  small  patches  where  the  subgrade  had  become  wet  anc 
softened  by  water  from  sprinkling,  traffic  was  kept  off  until  th< 
end  of  the  second  day  or  at  a  time  of  from  24  to  30  hr.  after  the 
concrete  was  mixed.  Side  forms  were  removed  and  the  opening 
backfilled  with  some  non-porous  material  as  soon  as  possible  aftei 
the  patch  was  cured  to  prevent  surface  water  from  standing  along 
the  edge  and  softening  the  subgrade.  These  precautions  wen 
necessary  to  avoid,  if  possible,  the  settling  of  the  patch  by  the 
weight  of  heavy  vehicles  going  over  it.  As  the  barricades  anc 
obstructions  of  the  previous  day's  work  were  removed  at  the  end  o: 
the  next,  or  second  day,  the  work  as  stated  above  did  not  extenc 
more  than  ^  mile,  where  traffic  was  inconvenienced. 
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One  result  of  this  work  is  to  indicate  that  no  patch  smaller  than 
bout  10  sq.  yd.  should  be  placed.  A  patch  of  less  area  is  too 
mall  to  sustain  the  weight  that  comes  on  it.  Also  a  patch  of  10 
q.  yd.  can  be  reinforced,  while  it  is  difficult  to  reinforce  a  smaller 
>atch. 

On  this  job  it  was  found  that  a  gang  of  about  20  men  was  about 
ufficient  to  keep  the  work  moving  continuously.      With  this  size 
ang,  an  average  of  about  40  sq.  yd.  of  pavement  per  day  could  be 
emoved  and  replaced,  the  patches  varying  from  1  to  10  sq.  yd. 
nd  extending  along  the  road  for  a  distance  of  1500'  or  3-^  mile. 
This  gang  would  be  distributed  usually  as  follows: 
2  men  running  drills 
2  drill-running  laborers  as  helpers. 

4  men  cleaning  out  broken  concrete  and  excavating  to  required 
depth. 

1  man  setting  forms. 

2  men  finishing  concrete. 

3  men  shoveling  sand  and  stone. 

4  men  wheeling  concrete. 
1  man  operating  mixer. 

1  man  watering  concrete. 

1  truck  driver. 

1  superintendent. 

1  truck  supplying  sand  and  stone. 

1  night  watchman. 

The  cost  of  the  work  was  as  follows: 
emoving     old     concrete     and     preparing 

opening  for  new  patch $1.19  per  square  yard 

eplacing  with  new  concrete,  labor,  mixing, 

placing,  finishing,  curing $2.19  per  square  yard 

laterial  for  replacing,   including  delivery 

on  the  work $2.73  per  square  yard 

Total  cost  per  square  yard $6.11 

Block  Pavements. — Block  pavements  of  brick,  stone,  asphalt, 
c.  properly  constructed  should  not  require  repairing  for  a  con- 
derable  term  of  years.  Cracks  which  develop  should  be  grouted 
ith  hot  paving  pitch  or  asphalt  binder.  Areas  which  settle, 
lereby  breaking  the  bond  of  the  grouted  joints,  resulting  in  crush- 
ig  or  cobbling  the  blocks,  should  be  taken  up,  the  sand  cushion 
formed,  all  sound  blocks  cleaned  and  relaid  and  turned  over 
here  necessary,  any  broken  blocks  replaced  by  new  whole  ones, 
id  joints  then  grouted  with  Portland  cement  grout  preferably,  if 
le  original  pavement  was  so  constructed,  otherwise  the  joints  may 
poured  with  hot  paving  pitch.  It  should  be  noted  that  repairs 
::  ith  fresh  cement  grout  require  protection  by  barricades  for  about 
week,  so  that  such  repairs  should  be  confined  to  one  side  of  the 
ivement  in  long  stretches,  leaving  the  other  side  available  for 
affic;  where  the  repairs  are  limited  in  extent  and  barricades  are 
pecially  undesirable,  the  patch  may  be  covered  with  2"  of  earth 
id  further  protected  by  planking  during  the  time  required  for  the 
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grout  to  set.  Where  joints  are  poured  with  paving  pitch,  traffic 
need  be  diverted  only  during  the  time  of  actually  making  the  repair; 
this  is  a  decided  advantage. 

Rigid-pavement  Shoulders. — Observation  demonstrates  that 
horse  traffic  on  steep  grades  leaves  the  pavement  and  seeks  the  earth 
shoulder,  so  that,  so  far  as  practicable,  these  shoulders  should  be 
improved  by  widening,  and  by  graveling  or  covering  with  broken 
stone  to  avoid  excessive  rutting;  also  that  on  sharp  curves  the  tend- 
ency of  motor  vehicles  is  to  cut  close  to  the  inner  edge,  making  it 
well  for  this  reason  to  stone  or  gravel  the  shoulders  at  these  points. 

Along  the  edges  of  the  rigid  types  of  pavement,  block  and  con- 
crete especially,  traffic  usually  develops  a  deep  rut  which  if  neg- 
lected becomes  dangerous  to  rapidly  moving  traffic;  this  rut  should 
be  kept  filled  with  gravel,  broken  stone  or  cold  patch.  Excess 
material  when  removed  from  the  shoulders  should  be  so  disposed 
of  as  to  widen  embankments  and  flatten  slopes. 

Snow  Removal. — On  main  roads  between  large  cities,  snow 
removal  in  winter  has  become  part  of  the  regular  program.  Ir 
many  districts  automobile  trucking  relieves  rail  congestion  and  i? 
needed  even  more  in  winter  than  in  summer.  The  maintenance 
departments  are  in  a  position  to  handle  this  work  with  their  organ 
ized  forces  and  equipment  which  are  idle  at  this  time  of  year,  anc 
the  necessary  expense  is  certainly  worth  while  to  make  the  mail 
road  passable  for  trucks  the  year  round.  The  only  way  successfully 
to  handle  snow  is  to  start  shoveling  as  soon  as  a  storm  starts  an< 
keep  working.  If  bad  drifts  are  permitted  to  form,  it  is  ver 
expensive  to  clear  the  road.  Snow  fences  help  to  prevent  drifting 
In  Monroe  County,  New  York,  the  cost  per  mile  per  winter  to  keej 
the  main  roads  passable  for  motors  ranges  from  $50  to  $100.  Th 
usual  equipment  consists  of  trucks  or  caterpillar  tractors  equippe* 
with  special  plows.1  Hand  shoveling  is  at  times  necessary  wher< 
bad  drifts  form.  A  permanent  fund  of  $75  per  mile  per  year  is  pro 
posed  with  any  unexpended  balance  for  easy  winters  carried  ove 
for  use  in  exceptionally  hard  winters.  Four  hundred  miles  are  t< 
be  kept  open  in  this  county  and  the  popular  approval  of  expenditur 
for  this  work  assures  a  continuation  of  this  phase  of  highwa; 
maintenance. 

MAINTENANCE    OF   EARTH,    SAND-CLAY,   AND    GRAVE! 

ROADS 


The  maintenance  of  these  roads  consists  in  keeping  the  gras 
and  weeds  cut,  the  ditches  clean,  culverts  clear,  overhanging  tree 
trimmed,  and  the  surface  of  the  traveled  way  scraped  and  dragged 
One  shaping  with  a  blade  road  machine  in  the  spring  generally  i 
all  the  heavy  work  required,  the  rest  of  the  work  being  done  wit. 
road  drags,  hones,  planers,  etc.,  at  frequent  intervals  during  th 
balance  of  the  year.  On  sand-clay  and  gravel  roads,  surfacin 
material  is  added  to  fill  holes  and  ruts  or  better  the  wearing  surface^ 

There  are  two  general  systems:  the  contract  system,  which  let 
short  strips  of  road  not  over  4  miles  in  length  to  farmers  along  th  :; 

1  Each  should  be  able  to  care  for  15  to  25  miles  of  road  with  occasional  extr  * 
help. 
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road,  and  the  patrol  system,  which  is  taken  care  of  by  a  steady 
patrol  gang  which  handles  from  10  to  20  miles.  The  contract 
system  is  explained  in  the  quotation  from  the  191 7  "Year  Book" 
of  the  American  Highway  Association  (p.  453).  The  patrol  system 
is  referred  to  throughout  the  chapter  in  various  quotations. 

Earth  Roads. — Road  machine  blade  scrapers  are  familiar  to  all 
readers.  The  road  hones,  planers,  etc.,  are  not  so  well  known  and 
their  construction  is  shown  in  Figs.  179  and  180.  Steel  drags  can 
now  be  obtained.  Their  use  in  earth-  or  gravel-road  maintenance 
is  explained  in  the  following  quotation  from  the  "United  States 
Forest  Road  Manual." 


1  6      gbaj  .uh  Iron 
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Fig.  179. — Road  drags  and  planers. 
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Fig.  180. — Road  drag. 

EARTH-ROAD   MAINTENANCE   (U.  S.  FOREST  ROAD  MANUAL) 

"Maintenance  is  the  most  important  item  of  work  to  be  considered  in 
ad  management.  The  smaller  allowances  for  systematic  maintenance,  as 
ey  are  being  included  in  the  annual  road  budget  alongside  the  unlimited 
imber  of  those  for  periodical  repairs,  tend  to  give  it  a  place  of  least  con- 
ieration,  and  again  its  consideration  and  planning  are  evaded  as  much  as 
>ssible  for  these  are  the  never-ending  consideration  of  continuous  annual 
)rk  and  expense.  It  is  always  admitted  that  the  degree  of  efficient  use  we 
rive  from  anything  constructed  for  practical  utilization  depends  on  the 
aount  of  effective  maintenance  it  receives.     Therefore,  roads  which  are 
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most  widely  used  and  exposed  in  all  their  parts  to  the  worst  of  elements 
relatively  should  receive  the  highest  degree  of  such  attention,  and,  moreover, 
the  higher  the  type  of  construction  and  the  more  it  costs,  the  more  marked 
attention  will  it  require. 

"However,  it  is  most  gratifying  to  find  that  the  old  ideas  of  taxpayer 
and  user  are  rapidly  disappearing,  making  way  for  the  installation  of  prac- 
tical system  for  the  efficient  retention  of  the  better  roads — as  they  are  now 
being  constructed.  We  are  gradually  beginning  to  learn  that  the  stability 
and  usefulness  of  a  road  are  not  forever  established — even  when  the  best  ol 
supervision  and  authorities  declare  and  approve  or  have  made  the  con- 
struction strictly  up  to  the  standard  and  with  ample  drainage  provided — bir 
that  each  mile  of  construction  should  be  followed  immediately  with  a  milt 
of  maintenance.  Besides  eliminating  the  difficulties  and  discomforts  o 
travel — which  seem  only  a  benefit  to  the  traveler,  but  which  are  in  reality 
an  economical  benefit  to  everyone,  directly  or  indirectly — maintenance  wil 
do  away  with  all  the  worries  to  the  management  and  effectively  prevent  s< 
much  of  this  misapplied  criticism  to  construction  features.  Finally  the  goo< 
results  of  maintenance  encourage  more  road  building,  whereas  its  lacl 
discourages  it.  .  , 

"There  is  no  type  of  road  that  can  be  considered  permanent,  and  ai 
earth  road  or  one  bedded  in  the  natural  material — which  is  wholly  as  impol 
tant  as  the  higher-grade  roads,  or  even  more  so — is  the  cheapest  to  mamtai 
in  its  original  condition.  The  complete  maintenance  of  an  earth  road  mean 
simply  the  retention  of  the  drainage  facilities  that  were  provided  in  a  corr 
pleted  and  properly  constructed  piece  of  road  work.  Furthermore,  th 
experience  and  the  attention  given  to  the  road  in  constant  maintenance  wi 
show  where  ample  drainage  was  not  sufficiently  provided;  and  again  showm 
its  importance,  constant  maintenance  secures  this  necessary  drainage  wit 
the  least  costs  and  at  the  proper  time — before  serious  damage  is  done  an 
heavy  repair  costs  result.  The  time  to  begin  the  maintenance  is  immediate] 
after  the  road  is  constructed,  and  its  degree  of  efficiency  will  depend  on  wha 
in  the  way  of  money  or  assistance,  is  constantly  provided  or  made  availab 
to  meet  sudden  contingencies.  The  work  must  be  done  at  the  right  tin 
and  in  the  right  way  to  get  the  best  results. 

"Ample  drainage  begins  with  taking  the  water  off  the  road  and  contmu 
with  taking  it  along  the  road  and  away  from  the  road.  Constant  mamt 
nance  by  dragging  secures  this  primary  step  in  the  drainage  system,  ar 
also  a  hard  and  smooth  surface  for  travel.  The  dragging  preserves  tl 
crown  which  is  kept  in  the  traveled  way  for  no  other  purpose  than  to  sh< 
water.  It  then  follows  that  this  water  will  be  taken  away  .from  the  roj 
through  the  further  efforts  of  constant  maintenance  in  keeping  the  ditch 
and  culverts  open.  .     -, 

"To  maintain  a  certain  road  or  set  of  roads  properly  and  economicall 
an  organization  for  doing  the  work  should  be  effected.      On  a  country 
mountain  road  a  patrol  consisting  of  two  teams  and  two  men  for  one  pa 
and  one  team  and  one  man  for  the  other  part  of  the  season  should  be  at 
to  care  for  is  to  20  miles.     It  will  be  found  though  that  a  newly  construct 
road  will  require  heavier  maintenance  for  the  first  year  or  two,  thus  reduci   fe 
the  number  of  miles  for  this  patrol.     One  or  more  such  outfits  could 
applied  to  a  longer  road  or  a  larger  system  and  kept  under  the  same  sup< 
vision.     These  patrols  keep  the  ditches  clean  and  the  culverts  open    ha  L 
surfacing  materials,  i.e.,  clay  onto  sandy  portions  and  sand  or  gravel  on  M 
clay    keep  the  right  of  way  open  to  sun  and  wind,  and  are  on  hand  to  dr  :- 
the  road  after  each  rain.      Two  teams  are  provided  only  in  cases  where  the  - 
is  no  extra  help  available  along  the  road  to  assist  m  the  dragging,  otherw    j 
one  team  would  be  sufficient.     However,  if  the  teams  are  government  owns 
two  teams  should  be  used,  as  the  added  costs  for  the  extra  team  are  sm 
and  will  in  most  cases  prove  cheaper  than  hiring.     The  two  teams  can 
used  on  one  drag  or  two,  depending  on  the  ruling  grades  m  the  road._ 

"In  early  spring  when  the  winter  snows  are  going  off,  the  supervisor  a 
such  extra  assistance  as  is  necessary  should  be  made  available  early  to  s 
that  the  snow  water  is  being  cared  for,  that  is,  running  down  the  ditches  a 
into  the  culverts,  and  not  down  the  wheel  tracks  and  over  the  banks  ot  t  U 
road.     Later  he  should  have  a  small  gang  of  men  making  the  necesss  - 
repairs  that  might  occur  while  the  frost  is  coming  out  of  the  ground,  a 
from  wash  and  water  breaks.     A  light  grader  should  be  at  hand,  especia 
on  side-hill  roads,  to  clean  the  ditches  of  material  broken  off  or  rolled  do- 
the  banks  and  to  restore  badly  depleted  crowns,  after  which  the  drag  can    _ 
used  for  the  remainder  of  the  season  to  preserve  this  perfected  condition. 
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"A  good  foreman  for  this  should  be  a  man  who,  as  well  as  being  able  to 
take  a  hand  in  the  work,  should  be  able  to  plan  the  work  and  keep  in  touch 
with  the  maintenance  needs  and  move  his  men  economically  to  the  first 
necessary  piece  of  repairs. 

"Dragging  is  the  cheapest  and  most  effective  method  of  maintaining  roads 
instructed  of  earth,  topsoil,  sand  clay,  or  gravel.  The  drag  is  a  very 
umple  and  inexpensive  implement  and  when  used  properly  gives  surprising 
esults. 

"Properly  used  and  at  the  right  time,  the  road  drag  performs  four  distinct 
jffices:  (1)  By  moving  at  an  angle  to  the  traveled  way  it  tends  to  produce  or 
^reserve  a  crowned  cross-section;  (2)  if  used  when  the  material  of  the  surface 
s  not  compact  and  hard,  it  tends  to  reduce  ruts  and  other  irregularities  in 
he  road  by  moving  material  from  points  which  are  relatively  high  to  those 
vhich  are  relatively  low;  (3)  when  used  after  a  rain,  it  accelerates  the  drying 
>ut  of  the  road  by  spreading  out  puddles  of  water  and  thus  increasing  the 
■urfaces  exposed  to  evaporation;  (4)  if  the  surface  material  is  in  a  slightly 
>lastic  state,  dragging  smears  over  and  partially  seals  the  so-called  pores 
vhich  naturally  occur  in  earthy  material,  and  thus  makes  the  road  surface 
nore  or  less  impervious  to  water. 

"  If  used  improperly  or  at  a  wrong  time,  the  drag  may  do  actual  injury  to  a 
oad.  Dragging  a  very  dry  road,  for  example,  serves  to  increase  the  quantity 
•f  dust  and  may  do  additional  damage  by  destroying  the  seal  produced 
luring  previous  draggings.  If,  on  the  other  hand,  the  road  is  very  wet  and 
nuddy,  the  irregularities  in  the  surface  are  likely  to  be  increased  rather  than 
liminished.  The  common  defect  in  road  dragging  is  to  regard  the  road 
[rag  as  a  road-building  tool,  and  to  expect  one  or  two  trips  to  put  the  road 
a  shape  for  the  season." 

Notes  on  Maintenance 

"1.  In  filling  bad  ruts  and  mud  holes,  it  is  best  to  use  the  same  material 
hat  the  roadbed  is  composed  of,  otherwise  an  uneven  surface  will  result. 
)ftentimes,  of  course,  the  roadbed  of  clay  can  be  improved  by  scattering 
and  or  gravel  over  it  more  or  less  evenly,  or,  if  the  roadbed  is  of  sand,  by 
he  same  use  of  clay,  but  the  ruts  should  not  be  filled  with  these  applications, 
filing  with  rock  will  effectively  close  a  mudhole,  but  the  next  season  will 
md  two  more  mud  holes,  one  on  either  side  of  this  hard  place  formed  by 
:lling  the  first. 

"2.  After  light  snowfalls  on  side-hill  roads,  the  inside  ditches  should  be 
leared  of  the  snow  immediately  in  order  that  the  water  from  the  melting 
now  will  run  down  the  ditches  instead  of  the  wheel  tracks.  This  is  especially 
ecessary  where  steep  grades  occur  to  prevent  heavy  wash  and  loss  of  crown 
1  the  traveled  way,  and  water  breaking  over  the  outside  bank.  As  the  snows 
re  usually  light,  this  can  be  done  by  drawing  the  drag  down  the  ditch  with 

large  skew  angle  or,  better,  with  a  small  ditch  cleaner,  the  A-drag  or 
o-devil. 

"3.  In  a  grazing  country  very  often  it  occurs  that  salting  grounds  have 
een  used  near  or  along  the  roads.  These  should  be  removed,  for  cattle 
limbing  up  and  down  the  banks  and  walking  along  the  ditches  can  cause 
onsiderable  unnecessary  damage  to  the  road.  During  the  season  of  cattle 
r  sheep  drives,  the  men  on  maintenance  should  see  to  it  that  the  herds  or 
ands,  if  they  have  to  use  the  road,  use  the  traveled  way  and  not  the  banks, 
nd  do  as  little  damage  as  possible.  If  serious  damage  is  done,  they  can 
lake  immediate  reports,  as  owners  are  obligated  to  repair  such  damages  on 
ublic  roads. 

4.  Outer  bank  slopes  of  earth  that  are  continually  eroding  should  be 
rotected  by  sowing  to  grass,  or  any  other  plant  that  will  mat  and  not  be 
bjectionable  to  occupants  of  lands  along  the  road. 

5.  Keep  the  ends  of  the  culverts  free  from  drifting  weeds  and  debris 
nd  clean  the  catch  basins  of  silt  and  other  deposits. 

"6.  Remember  that  the  chief  repairs  should  be  looked  after  in  the  spring 
hen  the  soil,  moist  and  easily  worked,  will  compact  readily  under  the  drag 
nd  traffic.  There  is  little  use  in  attempting  to  do  much  to  the  roadbed 
roper  in  July  and  August,  for  the  soil  is  so  dry  that  it  is  difficult  to  shape  it 
roperly  and  most  of  that  moved  will  blow  away  in  the  first  wind." 

Notes  on  Dragging 

"  1.  Use  the  drag  often  and  if  the  very  best  results  do  not  come  at  first 
ial,  do  not  quit.     First-class  results  can  be  attained. 
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"2.  Dragging  is  always  done  after  rains,  melting  snows,  or  thaws,  just 
after  the  ground  has  lost  its  stickiness,  when  the  material  will  slide  easily 
along  the  face  of  the  drag  and  pack  well;~but  not  when  it  becomes  dry  in  any 
one  place.  Different  road  surfaces  and  varying  conditions  will  demand 
different  times  of  application,  the  knowledge  of  which  will  come  through 
faithful  and  persistent  use  and  observation. 

"3.  It  requires  a  careful  and  skilful  operator  to  get  good  and  quick  results, 
one  who  knows  or  can  learn  how  to  hitch  to  it,  and  where  and  how  to  ride  it. 
Hitch  so  that  the  drag  will  travel  at  an  angle  of  45°  with  the  center  line  oi 
the  road,  and  do  not  try  to  cut  too  much  material  at  one  operation.  The 
amount  moved  depends  wholly  upon  the  length  of  hitch  and  position  oi 
driver.  A  long  hitch  will  move  more  earth  than  a  short  one.  When  a 
hard  spot  must  be  cut,  the  driver  throws  all  his  weight  on  the  front  blade: 
when  a  low  place  must  be  filled  he  moves  back.  These  operations  or 
patented  steel  drags  are  facilitated  by  changing  the  angle  of  the  blades  fron 
a  vertical.  Step  quickly  to  the  opposite  end  of  the  drag  from  which  yov 
wish  to  deposit  material  into  low  spots. 

"4.  Drive  the  team  at  a  walk  and  ride  the  entire  distance.  The  drag 
should  begin  at  the  ditch  line  and  proceed  toward  the  center  or  crown 
If  the  crown  becomes  too  great,  reverse  the  skew  angle  of  the  drag.  Do  no* 
try  to  drag  too  wide  a  section  at  one  operation. 

"5.  Do  not  try  to  drag  too  long  a  section.  So  much  depends  on  the  timt 
the  drag  is  used,  that  there  is  danger  of  dragging  the  road  too  wet  at  one  enc 
and  too  dry  at  the  other.  Learn  to  select  those  sections  which  dry  before  th» 
others  and  drag  them  first. 

"6.  Drag  the  road  during  or  directly  after  one  of  the  light  snowfalls,  jus- 
before  it  freezes  up  for  the  first  time,  as  it  will  be  in  better  condition  to  gf 
through  the  winter  and  better  able  to  shed  water  during  the  spring  thaw 

"7.  Very  little  improvement  will  be  noticed  after  the  first  trial,  and  man; 
trips  will  have  to  be  made  the  first  year  after  construction.  The  secom 
year  less  dragging  will  be  required  and  the  road  ought  to  improve  continually 

The  following  quotation  from  the  191 7  "  Good  Roads  Year  Book' 
shows  the  Kentucky  methods  and  approximate  cost  of  maintenance 

"Maintenance  by  dragging  is  most  successful  when  well  organized.  Th 
results  obtained  by  good  management  in  Hopkins  County,  Kentucky,  ar 
frequently  cited  as  indications  of  this,  and  for  this  reason  the  followin 
account  of  the  work  there  is  quoted  from  a  report  by  the  Kentucky  Depart 
ment  of  Highways. 

"In  1912  a  county  engineer  was  appointed.  The  county  roads  wer  J- 
measured  under  his  supervision  and  2-mile  sections  designated,  and  i:  |~ 
January,  19 13,  drags  were  started  on  about  100  miles  of  the  county  roads 
This  original  contract  was  only  for  dragging  the  roads,  which  work  was  to  b 
done  four  times  between  Jan.  1  and  Apr.  1,  at  a  cost  of  $10  to  Si 2  per  mik- 
As  the  sections  dragged  were  not  continuous,  the  citizens  at  once  appreciate' 
the  difference  between  the  maintained  road  and  that  which  was  not  main 
tained.  Consequently,  the  next  contract,  which  called  for  dragging  an« 
also  for  cleaning  the  ditches  for  6  months,  until  November,  IQI3,  resulte- 
in  contracts  for  150  miles  of  road  and  at  a  reduced  cost.  In  November,  1013 
a  contract  substantially  like  that  now  in  use  was  adopted  and  the  time  of  th 
contract  was  for  1  year,  or  until  November,  1014.  Over  200  miles  wer 
maintained  this  year  at  an  average  cost  of  $28  per  year  per  mile.  For  th 
year  from  November,  1914,  to  November,  191 5,  the  benefit  of  the  main 
tained  roads  was  so  well  understood  by  the  citizens  that  560  miles  wer 
under  contract  at  an  average  cost  of  $24.35  per  mile  per  year. 

"In  November,  1915,  a  2-year  contract  was  entered  into,  which  th 
county  may  revoke  for  a  non-performance  of  the  obligation  at  the  end  c 
the  first  year.  About  520  miles  are  now  under  contract,  at  prices  rangin 
from  $12  to  $40  per  mile  per  year,  the  average  being  $22.10.  It  is  expectei 
this  mileage  will  soon  be  increased.  Originally,  a  contractor  was  allowe< 
to  have  charge  of  8  miles,  but  now  he  is  not  allowed  to  contract  for  mqr 
than  4  miles  of  road.  Under  the  191 5  contracts,  the  contractor  must  trir 
the  branches  which  overhang  and  interfere  with  travel  on  the  roadway;  kee; 
the  ditches  clean,  free  from  obstructions,  and  at  all  times  capable  of  carry 
ing  the  water.  He  shall,  by  June  1,  each  year,  grade  the  roads  with  dum; 
scraper,  grader,  drag,  and  ditcher,  or  in  any  way  he  may  see  fit,  so  that  th 
center  of  the  roadway  shall  be  crowned  so  that  the  water  will  flow  from  th 
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center  of  the  road  to  the  side  ditches,  and  at  no  place  will  the  water  stand 
on  the  road  or  run  down  the  road.  The  road  shall  be  dragged  from  ditch  to 
ditch  at  each  dragging,  when  the  road  is  wet,  but  not  sticky. 

"A  record  of  the  number  of  draggings  is  kept  by  the  county  engineer  on 
cards  which,  before  mailing  to  the  contractor,  are  countersigned  by  the  rural 
route  carrier  or  a  reliable  citizen-  The  contractor  also  hauls  material  and 
constructs  all  culverts  and  bridges  of  10'  span  or  under,  and  keeps  the 
approaches  to,  and  the  floors  and  abutments  of,  all  bridges  and  culverts  on 
his  road  in  good  traveling  condition.  An  analysis  of  these  contracts  shows 
that  where  the  contract  has  been  faithfully  executed  there  is  a  decrease  each 
year  in  the  cost  per  mile,  mainly  because  the  farmer  contractor  has  learned 
from  experience  that  continuous  maintenance  makes  a  lower  cost  of  time  and 
labor  each  succeeding  year." 

Cost. — The  cost  of  earth-road  maintenance  ranges  from  $20  to 

>2oo  per  mile  per  year.     A  fair  average  is  approximately  $50  to 

$100  under  light  volume  of  traffic  per  mile  per  year  for  ordinary 

farming  country  and  $100  to  $200  per  mile  per  year  for  mountain 

roads. 

Sand-clay  Roads. — The  methods  and  character  of  work  are  the 
same  for  the  sand-clay  maintenance  as  for  ordinary  earth  roads. 
The  cost  is  generally  less.  The  following  quotation  from  the 
Alabama  State  Highway  Report  indicates  the  usual  procedure. 

Sand-clay  Roads 

"No  cheap  road  can  be  maintained  as  easily  and  at  as  small  an  annual 
cost  as  a  well-constructed  sand-clay  road.  It  responds  readily  to  a  road 
machine  and  the  surfacing  material  is  usually  very  convenient.  Like  all 
others,  though,  it  is  neglected  until  extensive  and  expensive  repairs  become 
necessary.  If  a  sand-clay  road  which  has  been  intelligently  constructed  is 
kept  dragged  at  reasonably  frequent  intervals,  say  three  times  a  month  dur- 
ing December,  January,  February,  March,  and  April,  and  during  rainy 
periods  in  the  other  months,  it  will  give  excellent  service  and  serve  all  prac- 
tical purposes.  If  too  much  sand  is  in  the  surfacing  material,  the  road  will 
tend  to  ravel  or  disintegrate  and  it  becomes  necessary  to  add  a  small  amount 
of  clay  to  the  sandy  section.  A  thorough  harrowing  should  then  be  given 
the  surface,  after  which  the  road  should  be  thoroughly  machined  or  dragged 
until  the  proper  cross-section  is  obtained.  Likewise,  too  much  clay  may 
develop  in  wet  weather  and  the  addition  of  sand  becomes  necessary.  Sand 
can  be  incorporated  in  like  manner  as  the  clay.  In  very  wet  weather,  traffic 
will  incorporate  the  sand  fairly  well  and  it  frequently  becomes  necessary 
to  add  sand  to  prevent  slipping,  when  artificial  mixing  would  be  difficult." 

Gravel  Roads. — Gravel  roads  require  patrol  maintenance  for 

ood  results.     The  road  should  be  shaped  with  a  road  machine 

lade  grader  in  the  spring  while  soft  and  plastic  and  kept  in  shape 

by  dragging.     Gravel  must  be  added  continuously  to  fill  holes  and 

tuts.     Shoulder,  ditch,  and  culvert  routine  cleaning  is  the  same  as 

for  any  maintenance. 

The  following  quotation  is  from  "Instructions  to  Patrolmen" 
in  New  Hampshire,  which  is  famous  for  its  gravel  roads. 

"Each  patrolman  must  supply  a  horse  and  dump  cart,  shovel,  pick,  hoe, 
ake,  stone  hook,  ax,  iron  bar,  iron  chain,  and  tamp.  Special  tools  are 
urnished  by  the  State  Highway  Department. 

'One  dragging  in  the  spring  is  worth  two  in  the  summer.  It  is  better  to 
irag  a  mile  of  road  several  times  and  get  it  in  good  condition  than  to  drag 
2  or  3  miles  and  not  finish  any  part  of  it.  Don't  drag  a  soft  section  when  it 
s  so  wet  that  the  first  vehicle  to  pass  will  rut  it  all  up.  First  fill  the  holes  and 
uts  with  new  material  and  then  drag  as  the  surface  dries  out.  Every 
>atrolman  should  have  material  dumped  in  small  piles  along  the  side  of  his 
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section  so  that  on  a  rainy  day  he  can  at  once  fill  all  holes  and  ruts  in  which 
the  water  is  collecting. 

"When  the  weather  is  unsuitable  for  dragging,  as  during  a  dry  spell,  all 
patrolmen  should  cart  on  all  the  new  material  possible  in  order  to  fill  all  ruts 
and  holes  and  resurface  worn  sections.  Carting  is  very  essential  during  dry 
periods  and  should  never  be  neglected.  Whenever  a  patrolman  is  in  doubt 
as  to  what  to  do  next,  the  general  rule  is  to  cart  new  material,  for  all  roads 
are  wearing  out  under  travel  and  it  is  necessary  that  the  surface  be  con- 
tinually renewed  to  take  the  place  of  the  old  material  that  is  thrown  out  as 
mud  or  blown  away  as  dust. 

"Save  all  the  sods,  leaves,  rubbish,  stones,  and  refuse  that  you  clean  off 
your  road,  and  dump  this  waste  material  in  places  where  the  bank  is  steep 
so  that  by  flattening  the  side  slope  there  will  be  no  need  of  a  guard  rail;  or 
dump  the  material  back  of  a  present  guard  rail  so  that  later  this  guard  rail 
can  be  removed." 

The  necessity  for  patrol  maintenance  is  shown  by  the  following 
extract  from  the  Iowa  Specifications. 

MAINTENANCE  OF  GRAVEL  ROADS 

"County  engineers'  and  supervisors'  attention  is  called  to  the  fact  that  " 
both   Class  A   and   Class  B  gravel  roads  require  constant  and  systematic   " 
maintenance  at  all  times.     Special  attention  should  be  given  such  roads 
for  the  first  year  following  their  construction.      During  this  period  the  gravel 
is  sure  to  become  rutted,  wavy,  and  scattered  if  it  is  not  maintained  in  the 
most  careful  manner. 

"Hauling  gravel  and  dumping  it  on  the  road  does  not  produce  a  gravel 
road.  The  most  important  part  of  the  construction  work  lies  in  the  atten- 
tion which  the  road  receives  while  the  gravel  is  being  compacted.  A  road 
newly  surfaced  with  gravel  is  nothing  but  a  possibility.  The  success  01 
failure  of  such  a  possibility  depends  very  largely  on  the  attention  which  it 
receives  during  its  first  year.  The  frequent  use  of  a  planer  or  blade  grader  will 
prevent  the  formation  of  ruts  and  waves.  This  work  should  be  done  while 
the  gravel  is  wet,  as  better  results  will  be  secured. 

"The  scattered  gravel  should  be  brought^  back  on  the  surfacing  and  the 
earth  shoulders  built  up  to  hold  this  material  in  place.  Additional  grave! 
should  be  added  to  replace  that  worn  away  and  to  fill  and  depressions  due  tc 
settlement. 

"The  Commission  strongly  urges  that  the  patrol  system  of  maintenance 
be  adopted  for  all  gravel  roads.  The  patrolman  should  spend  all  his  time 
on  the  road.  It  is  only  by  such  a  system  that  definite  responsibility  can  be 
fixed.  Patrol  maintenance  should  extend  not  only  over  the  first  year  aftei  ;; 
the  gravel  surface  is  placed,  but  also  throughout  the  succeeding  years.  11  ^ 
should  extend  to  the  side  ditches,  earth  shoulders,  culverts,  and  all  othei 
parts  of  the  road  as  well  as  to  the  gravel  surfacing. 

"While  the  patrol  system  of  maintenance  is  urged  for  all  gravel  roads,  it  i: 
absolutely  necessary  for  Class  B  gravel  roads.  These  specifications  have 
been  prepared  with  that  idea  in  mind. 

"The  Commission  will  approve  the  construction  of  Class  B  gravel  road 
on  the  county  system  only  on  condition  that  an  adequate  patrol  maintenance 
will  be  established  promptly  after  such  road  is  placed  in  service,"  see  page 
353  for  sections  of  Iowa  Gravel  Roads. 

Iowa  Highway  Commission. 


GRAVEL-ROAD  MAINTENANCE  WITH  "SPRING  SCRAPERS" 

Method  employed  in  Kent  County,  Michigan,  described  in  paper  presentee 
Feb.  14,  1923,  at  ninth  annual  Michigan  Conference  on  Highway 
Engineering. 

By  Otto  S.  Hess 
Road  Engineer,  Kent  County 

"The  system  of  maintenance  which  will  be  outlined  in  this  paper  has  beer 
developed  in  Kent  County  during  the  past  2  years,  and  the  ensuing  remark 
will  apply  more  particularly  to  Kent  County  rather  than  to  the  state  as  1 
whole. 
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"While  this  system  will  undoubtedly  operate  to  good  advantage  in  a  great 
many  counties,  it  is  not  advocated  by  the  writer  as  a  cure-all  for  the  many 
difficulties  which  are  encountered  in  the  maintenance  of  gravel  roads. 

"Highways  of  Kent  County. — At  the  present  time,  Kent  County  has  252 
miles  of  improved  gravel  roads  on  the  county  road  system.  Of  this  mileage, 
90  miles  lie  on  the  state  trunk  lines,  and  the  remaining  162  miles  are  county 
roads.  In  the  early  maintenance  season  of  1920,  all  of  this  mileage  was  taken 
:are  of  by  teams  hauling  light  graders  or  floats.  About  this  time,  the  county 
:ried  out  a  maintenance  machine  which  was  new  at  that  time  but  quite  well 
inown  throughout  the  state  and  even  outside  the  state  at  the  present  time. 
This  machine  is  the  spring  scraper  which  is  used  as  a  truck  attachment  and 
)perates  as  a  blade  scraper  underneath  the  middle  of  any  truck. 

"The  first  'spring  scraper'  was  so  successful  that  the  team  patrols  were 
gradually  replaced  by  the  so-called  truck  patrols,  until  at  the  beginning  of 
;he  maintenance  season  of  1922  all  of  the  teams  had  been  replaced  and  the 
mtire  mileage  of  252  miles  of  gravel  roads  was  being  kept  smooth  by  nine 
rucks  with  scraper  attachments,  making  an  average  of  28  miles  per  truck. 

"Work  of  Truck  Patrols. — Under  the  present  system,  Kent  County  is 
livided  into  four  maintenance  districts.  The  trucks  are  operated  from  a 
:entral  point  in  each  of  these  districts.  A  very  thin  layer  of  finely  screened 
jravel  is  kept  on  the  surface  of  the  road  at  all  times.  By  scraping  this 
urface  often  enough  it  has  been  found  possible  to  maintain  a  surface  which  is 
moother  to  ride  on  than  most  pavements.  The  number  of  times  per  week 
r  per  day_  which  is  necessary  to  scrape  the  surface  in  order  to  keep  it  in  this 
ondition  is  dependent  on  the  weather  and  the  volume  of  traffic,  but  more 
>articularly  on  the  volume  of  traffic.  The  amount  of  scraping,  and,  con- 
equently,  the  cost  of  maintenance  have  been  found  to  be  very  nearly  in 
lirect  proportion  to  the  volume  of  traffic  using  the  road. 

"The  type  of  trucks  which  has  been  found  to  be  the  most  economical  in 
Cent  County  are  those  in  the  2-  to  3-ton  class.  These  trucks  carry  a  10' 
>lade,  which  is  placed  under  the  truck  in  a  diagonal  position,  and  travel  at  a 
peed  of  from  8  to  12  miles  per  hour.  The  blades  are  10"  wide  to  start  with, 
ut  are  worn  down  with  about  2  weeks  steady  use  to  a  width  of  3  or  4  ". 

"Each  truck  on  scraping  work  is  able  to  travel  from  60  to  90  miles  per 
ay.  Each  truck  scrapes  a  path  approximately  g'  wide.  With  reference  to 
he  quality  of  work  done,  it  can  truthfully  be  said  that  the  old  team  patrol 
ystem  was  never  able  to  keep  the  roads  so  smooth  as  they  have  been  main- 
ained  by  trucks.  In  fact,  the  gravel  roads  of  Kent  County  have  never  been 
a  so  good  condition  as  they  were  in  1922,  when  they  were  maintained 
ntirely  by  trucks. 

"Saving  Effected  by  Substituting  Trucks  for  Teams. — Some  idea  of  the 
aving  which  can  be  effected  by  substituting  trucks  for  teams  can  be  obtained 
>y  comparing  the  daily  costs  of  each.  In  actual  practice  it  was  found  that 
ne  truck  would,  on  the  average,  replace  six  team  patrols.  In  1922,  teams 
nth  drivers  cost  S6  per  day,  making  S36  per  day  for  six  team  patrols.  One 
ruck  could  be  hired,  with  driver,  at  S20  per  day.  This  shows  a  direct  daily 
avmg  on  the  pay-roll  of  S16  per  day  per  truck.  Assume  that  the  number  of 
ays  worked  during  the  season  was  200  and  we  have:  200  days  X  $16  X  9 
rucks  =  $28,000,  which  is  the  direct  pay-roll  saving  during  1922.  As  a 
latter  of  fact  and  record,  the  actual  saving  was  about  $30,000  since  Kent 
.ounty  operated  its  own  trucks  at  about  Si 5  per  day  instead  of  hiring  them 
t  $20.  As  a  further  saving  which  is  effected  by  the  scrapers,  it  should  be 
smembered  that  it  is  necessary  to  buy  and  maintain  only  one  scraper  as* 
ompared  with  six  outfits  of  teams.  Another  advantage,  which  is  by  no 
leans  unimportant,  is  the  fact  that  the  trucks  can  haul  gravel  or  other 
laterials  and  scrape  the  roads  at  the  same  time.  This  is  a  feature  which 
aves  many  thousands  of  dollars  in  a  year's  time,  and  is  not  obtained  by  any 
ther  type  of  road  maintenance  equipment  in  use  today. 

"Cost  of  Maintenance. — In  order  that  one  may  obtain  some  idea  of  what 
11s  maintenance  work  costs,  the  following  table  has  been  prepared,  showing 
le  cost  per  mile,  volume  of  traffic,  and  cost  per  vehicle  mile  for  all  of  the 
ravel  roads  on  the  state  trunk-line  system  in  Kent  County: 
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Maintenance   Cost   of   Gravel  Road  on  State  Trunk-line 
System  in  Kent  County 
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"In  explanation  of  the  table,  the  writer  would  advise  that  the  total  numb 
of  vehicle  miles  for  any  section  was  obtained  by  multiplying  the  average  dai 
traffic  (as  determined  by  a  traffic  census  taken  in  July  and  August)  by  20 
and  then  by  the  number  of  miles  in  the  section,  assuming  that  twice  tl 
average  daily  traffic  in  the  summer  would  represent  the  total  traffic  for  tl 
year.  This  shows  that  the  average  cost  per  vehicle  mile  on  the  state  trun 
line  gravel  roads  was  a  little  less  than  a  half  cent." 

Cost. — F.  R.  White,  Road  Engineer  of  the  Iowa  Highw? 
Commission,  supplies  the  following  information  in  regard  to  tl 
construction  and  maintenance  cost  of  about  400  miles  of  Class 
gravel  roads  (see  Fig.  115  p.  353).  These  roads  are  constructed; 
a  cost  slightly  above  $1000  per  mile  (1913).  The  cost  of  maint 
nance  depends  very  largely  on  the  volume  of  traffic  and  the  locatk 
of  gravel.  Where  there  is  an  average  of  200  to  300  vehicles  p 
day,  however,  and  the  gravel  can  be  obtained  within  3  miles  of  tl 
road  the  yearly  cost  of  maintenance  is  about  $150  per  mile  (1916 

In  New  York  State  where  the  roads  are  oiled  to  care  for  a  som 
what  larger  volume  of  traffic,  200  miles  of  high-class  gravel  roa< 
cost  approximately  $700  per  mile  per  year  to  maintain. 

A  fair  average  maintenance  cost  per  mile  per  year  for  doubl 
track  gravel  roads  is  probably  from  $200  to  $300  under  fairly  hea\ 
traffic  (300  to  400  vehicles  daily). 
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CHAPTER  VIII 
RECONSTRUCTION 

Resurfacing  or  reconstruction  is  resorted  to  when  normal  main- 
tenance methods  with  reasonable  yearly  expenditures  fail  to  keep 
the  highway  in  proper  condition  for  traffic.  Economic  limits  of 
yearly  maintenance  costs  and  maximum  permissible  degrees  of 
roughness  were  discussed  in  Chap.  7  (pp.  547  to  552). 

Reconstruction  includes  the  restoration  or  improvement  of 
pavement  conditions  in  regard  to  strength,  width,  and  perfection 
3f  surfaces,  the  retention  of  a  safe  and  convenient  grading  section, 
ditch  to  ditch,  and  sometimes  considers  alignment  changes  to 
ncrease  safety  and  reduce  objectionable  grades.  Relocations  in 
the  matter  of  alignment  and  grade  were  discussed  in  Chap.  II. 
Existing  practice  in  pavement  reconstruction  generally  fulfils 
the  principles  of  improvement  of  surface  and  pavement  width  but 
Dften  neglects  the  item  of  the  retention  of  a  safe  grading  cross-sec- 
tion ditch  to  ditch.  That  is,  proper  shoulder  and  ditch  work  is 
Dften  slighted,  which  results  in  added  danger  from  narrow  soft 
shoulders  and  deeper  ditches.  Existing  ditches  are  often  deepened 
to  get  shoulder  material  instead  of  providing  an  item  of  borrow 
excavation  for  suitable  gravelly  soil  for  the  necessary  shoulder  fills. 

The  cost  of  reconstruction  programs  is  affected  by  type  selection 
ind  by  the  promptness  with  which  roads  are  treated  when  they  show 
he  preliminary  evidence  of  some  weakness.  Delay,  due  to  short- 
ige  of  funds,  is  probably  the  most  active  cause  in  raising  recon- 
struction costs  (see  p.  582). 

Figure  181  shows  typical  reconstruction  designs,  state  of 
alifornia. 

Economic  Type  Selection. — Reconstruction  programs  are  over- 
shadowing original  construction  in  many  of  the  states  having  state- 
tid  programs  over  15  years  of  age.  The  economic  selection  of 
mvement  type  for  reconstruction  is  a  proposition  entirely  different 
rom  the  selection  for  original  construction.  Economic  reconstruc- 
ion  must  utilize  to  best  advantage  the  existing  pavement.  To  do 
;his,  it  is  generally  undesirable  to  change  the  type  of  foundation, 
dthough  it  is  often  desirable  to  strengthen  the  foundation  and  better 
he  surfacing,  particularly  to  get  rid  of  oiling  maintenance  on  main 
oads;  that  is,  if  the  existing  road  is  of  macadam  type  serving  traffic 
)f  Classes  IL4,  II,  or  III,  it  is  rarely  desirable  to  change  to  the  rigid 
ype  of  pavement,  although  it  may  be  desirable  to  strengthen  the 
:xisting  macadam  and  surface  with  an  asphaltic  concrete  or  block 
)avement  in  order  to  eliminate  the  oiling  nuisance.     If  an  old 
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macadam  practically  shot  to  pieces  serves  Class  I  traffic,  it  is 
evidently  desirable  to  change  type. 

All  original  roads  become  in  time  merely  foundations  for  easily 
repaired  renewable  surface  courses  which  meet  the  demands  of 
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Fig.    181A. — Reconstruction    sections,   state    of    California    1926 
Widening  and  thickening  old  state  roads. 

traffic.  Adequate  foundation  strength  can  be  achieved  either  b} 
sufficient  depth  of  macadam  or  sufficient  depth  and  strength  o 
cement  concrete.     After  adequate  foundation  strength  is  attainec 
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by  either  method,  satisfactory  surfaces  can  be  maintained  at 
about  the  same  cost  per  year.  As  discussed  in  Chap.  VI,  Design, 
the  thickness  of  cement  concrete  foundations  is  about  the  same 
whether  laid  on  old  macadam  or  new  grading;  where  an  old  maca- 
dam pavement  exists  and  the  reconstruction  type  is  changed  from 
a  flexible  foundation  to  cement  concrete,  most  of  the  value  of 
previous  pavement  work  has  to  be  thrown  away  which  usually 
raises  the  cost  of  such  work  way  beyond  the  method  of  retention 
of  foundation  type  with  necessary  additional  strengthening  and 
improvement  of  surface.1     To  illustrate  briefly  from  Division  4, 
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Fig.  181.B. — Reconstruction  sections. 

1926. 


U.  S.  Bureau  Public  Roads 


New  York  State,  1922  cost  conditions:  Old,  firm,  water-bound 
roads  serving  Class  III  traffic  can  be  resurfaced  with  water-bound 
macadam  for  about  80  cts.  per  square  yard,  or  with  penetration 
bituminous  macadam  for  about  $1  per  square  yard.  If  type  is 
changed  and  the  thinnest,  cheapest  rigid  pavement  possible  is 
used,  6"  reinforced  cement  concrete,  it  costs  about  $2.70  per  square 
yard.     A  good  many  of  the  old  water-bound  roads  are  too  weak 

1  The  depth  of  concrete  bases  or  pavement  laid  on  top  of  an  existing  old 
macadam  road  is  about  1"  less  than  where  laid  on  ordinary  earth  subgrade 
(see  Chap.  VI).  This  reduces  the  cost  of  the  concrete  pavement  about  50  cts. 
per  square  yard,  whereas  the  old  macadam,  if  utilized  to  full  advantage  as 
part  of  a  flexible-type  pavement,  is  worth  about  $i.so  per  square  yard. 
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for  modern  traffic  and  require  additional  strengthening  over  and 
above  a  new  3"  top.  This  additional  depth  rarely  requires  more 
than  a  3"  to  5"  middle  reinforcing  course,  costing  from  40  to 
70  cts.  per  square  yard.  For  such  roads,  retention  of  water- 
bound  type  with  adequate  strength  costs  about  $1.20  to  $1.50 
per  square  yard  and  adequate  strength  with  improved  penetration- 
bituminous  macadam  top  costs  from  $1.40  to  $1.70  per  square 
yard,  while  change  of  type  costs  at  least  $2.50  to  $2.70  per  square 
yard.  Under  this  class  of  traffic,  the  difference  in  first  cost  far 
outweighs  the  minor  difference  in  yearly  surface  maintenance  of 
the  two  types  (see  Maintenance  Costs,  p.  520). 

Under  Class  II  and  IL4  traffic,  firm  macadams  can  be  resurfaced 
with  penetration  macadam  for  about  $1.20  per  square  yard,  and 
with  asphaltic  concrete. or  small  cubes  for  from  $1.50  to  $1.80  per 
square  yard.  Change  of  foundation  type  costs  about  $2.70  to 
$3.40  per  square  yard.  For  the  weaker  macadams,  the  cost  of 
proper  reconstruction,  using  necessary  additional  reinforcing  middle 
course,  probably  averages  about  $1.90  per  square  yard  for  pene- 
tration macadam  and  about  $2.20  to  $3  for  low-maintenance- 
cost  surfaces,  such  as  asphaltic  concretes  and  stone  or  brick  cubes. 
The  advantage  still  lies  with  retention  of  foundation  type,  consider- 
ing  the   sum   of   reconstruction   costs   and   yearly   maintenance. 

Under  Class  I  traffic,  the  advantage  falls  on  the  side  of  change  of 
type,  and  for  these  roads  there  is  no  hesitation  in  adopting  the 
policy  of  rigid  foundation  type.  In  this  territory,  however,  there 
are  at  present  860  miles  of  improved  roads  of  all  types  serving  all 
classes  of  traffic.  Table  no  below  indicates  the  relatively  small 
mileage  on  which  it  is  desirable  to  change  foundation  type,  namely, 
about  5  to  15%  of  total  mileage  at  present  constructed;  but  this 
percentage  may  be  radically  changed  by  delay  in  necessary  recon- 
struction (see  p.  583), 


Table  no 


-■ 

Class  of  traffic 

Flexible  type  of 
foundation,  miles 

Rigid  type  of 
foundation,  miles 

Class  I 

42° 
1066 
280 
220 

648 

34 

72 

4&c 
212 

Class  II A 

Class  II 

Classes  III  and  IV 

Totals  each  type 

Grand  total,  860  miles 

a  Mileage  on  which  it  is  desirable  to  change  foundation  type,  5%  of  total. 
6  Mileage  in  the  doubtful  class   12%   of  total.      Total  mileage  on  which 
there  is  some  justification  for  changing  type,  17%  of  total  constructed. 
c  Suitability  of  original  design  doubtful. 


Effect  of  Delay  in  Reconstruction  on  Final  Cost. — The  costly 
result  of  delay  in  resurfacing  at  the  proper  time  is  shown  by  the 
following  official  report. 


EFFECT  OF  DELAY  ON  COST  583 

Apr.  9,  1923. 


"  Mr. ; , 

Division  Engineer, 
Rochester,  N.  Y. 
"Dear  Sir: 

"Find  attached  design  report  for  the  proposed  Federal  Aid  Reconstruction 
of  Monroe  Avenue,  Road  94,  Sta.  129  +  27  to  219  +  80.4  (1.71  miles). 

"Two  estimates  have  been  made.  Design  1  calls  for  an  18'  width  of 
cement-concrete  pavement  8  by  6M  by  8"  thick.  Mesh  and  bar  reinforce- 
ment with  special  shoulders  3'  wide  on  both  sides,  constructed  from  the  old 
macadam  excavated  from  the  center  of  the  road.  Design  1  is  estimated  to 
cost  $78,000. 

"  Design  2  calls  for  an  18'  concrete  pavement  7"  by  6K"  by  8"  thick  with 
2'  width  of  gutter  and  a  curb  7"  high  along  the  left  side  of  the  pavement, 
Stas.  129  to  184  where  the  Rochester  &  Eastern  Electric  Ry.  tracks  are 
located  close  to  the  pavement  edge.  A  special  shoulder  3'  wide  constructed 
of  excavated  macadam  is  used  on  the  right  side.  From  Stas.  184  to  219  the 
design  remains  the  same  as  for  the  first  case.  This  design  gives  an  effective 
pavement  width  of  20',  Stas.  129  to  184,  and  provides  a  raised  curb  protec- 
tion next  to  the  track.     Design  2  is  estimated  to  cost  $88,000. 

DETAIL  REPORT 

"Location  and  Length. — The  proposed  reconstruction  extends  from  Clover 
Street  to  the  end  of  the  brick  pavement  near  the  Barge  Canal  (Stas.  129  +  27 
to  219  +  80.4),  a  distance  of  1.71  miles,  of  which  0.12  mile  is  in  the  town  of 
Brighton  and  1.59  miles  in  the  town  of  Pittsford.  This  proposed  recon- 
struction covers  the  portion  of  Monroe  Avenue  which  is  at  present  in  poor 
condition.  The  balance  of  Road  94  between  Rochester  and  Pittsford  is  in 
very  fair  shape  for  traffic. 

"Previous  Designs  and  Recommended  Treatment.— The  portion  of  Road 
94  covered  by  this  contract  has  needed  attention  since  1918.  In  1920  a 
survey  was  made  and  two  alternate  designs  submitted.  The  recommended 
design  of  1920  provided  for  widening  the  old  14'  macadam  to  16'  with  a  slag- 
macadam  extension  and  a  new  surface  course  of  2"  depth  of  Topeka  Mix  on  a 
1^2"  average  depth  of  binder  evener  course.  Slag-macadam  shoulders  were 
provided  on  both  sides  of  the  pavement  (3'  wide),  giving  a  total  width  of 
hard  surface  of  22'.  This  design  was  estimated  to  cost  $50,000.  An  alter- 
nate design  was  prepared  but  not  recommended,  using  6"  uniform  depth  of 
cement  concrete  16'  wide  at  an  estimated  cost  of  $60,000. 

"At  the  time  these  estimates  were  made  (1920)  the  old  macadam  was 
firm  but  rough,  and  the  additional  3M". should  have  provided  the  additional 
strength  needed  to  prevent  deterioration  under  the  growing  volume  and 
weight  of  traffic.  During  the  last  3  years,  however,  the  value  of  the  old 
macadam  as  a  base  course  has  been  greatly  reduced,  as  the  lack  of  the 
additional  3M"  proposed  has  permitted  churning  under  heavy  loads  which 
would  not  have  occurred  had  the  pavement  been  strengthened  at  the  proper 
time.  This  loss  of  effectiveness  due  to  breaking  of  the  bond  makes  it 
advisable  to  eliminate  consideration  of  the  use  of  the  old  macadam  as  a  base 
for  an  asphaltic-concrete  top,  and  makes  it  desirable  to  construct  some  kind 
of  a  rigid  pavement.  Considering  limitation  of  funds,  cement  concrete  is 
probably  a  reasonable  solution  for  this  contract. 

"The  only  way  any  practical  value  of  the  old  macadam  can  be  procured  is 
to  drop  the  new  pavement  into  the  old  road  and  use  the  excavated  macadam 
for  shoulders  close  to  the  concrete.  This  has  the  double  advantage  of 
reducing  nil  and  getting  a  firm  solid  shoulder  at  small  cost.  This  is  the 
general  basis  of  the  present  design. 

"It  can  readily  be  seen  that  the  delay  in  reconstruction  due  to  shortage 
of  funds  has  greatly  increased  the  cost  of  the  necessary  work. 

"Recommended  Section. — The  chief  problem  in  the  design  is  the  matter 
of  drainage  along  the  car  tracks,  Stas.  129  to  184.  The  best  method  of 
treatment  is  Design  2,  with  the  curb  and  catch-basin  construction.  If  the 
curb  is  not  used,  J.  E.  Kelley  has  made  the  excellent  suggestion  of  using  a 
one-way  crown  away  from  the  track,  which  will  help  in  the  matter  of  surface- 
water  seepage  under  the  left  edge,  but  will  not  entirely  eliminate  this  trouble. 
On  account  of  this  seepage  and  the  poor  character  of  the  soil  on  the  outer 
edge  of  the  old  shoulder,  an  edge  depth  of  8"  for  Design  1  is  recommended. 
The  center  gets  some  benefit  from  the  old  macadam  and  less  seepage  soften- 
ing, and  a  6H"  edge  depth  is  recommended.     For  Design  2,  an  8"  edge 
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depth  is  recommended  where  no  gutter  is  used,  and  a  7"  edge  depth  where 
gutter  is  constructed.  The  center  depth  is  the  same  as  for  Design  i.  Exca- 
vated macadam  is  to  be  used  for  the  new  shoulder  next  to  the  concrete. 

"Culverts.— The  existing  culverts  on  this  road  are  the  old-style  vitrified- 
clay  pipe  and  are,  as  a  rule,  in  poor  condition.  New  cast-iron  pipe  has  been 
designed. 
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Fig.  182. — Recommended  and  alternate  designs  reconstruction  road 

94  (1923  design — estimated  costs  588, 000  and  $78,000). 


"There  are  two  old  masonry  structures  which  should  be  pointed  up,  given 
new  footing  courses,  and  lengthened  by  the  town  of  Pittsford. 

"The  Rochester  &  Eastern  Electric  Ry.  should  be  required  to  provide 
the  necessary  outlet  structures  under  their  tracks  to  take  care  of  the  large 
flow  at  culvert  locations,  and  to  handle  small  ditch  flow  at  intervals  of  not 
exceeding  300'. 
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"Alignment  and  Grade. — The  alignment  is  excellent.  The  sharpest 
curve  is  50.      No  new  right  of  way  will  be  required. 

"The  grades  are  easy,  5  %  maximum. 

"The  grade  line  as  laid  will  provide  enough  excavated  old  macadam  for 
the  new  proposed  special  stone  shoulders.  For  the  new  earth  shoulder 
widening  both  borrow  and  overhaul  will  be  required. 

"Borrow. — Borrow  can  be  obtained  from  the  Barge  Canal  spoil  banks 
within  2000'  of  Sta.  219,  or  from  the  old  tow  path  of  the  old  Erie  Canal  west 
of  Lock  32.  The  first  source  is  the  more  feasible  and  has  been  used  in  com- 
puting overhaul. 

"Materials. — Stone  and  sand  must  be  imported,  delivery  (West  Shore 
Ry.,  Pittsford)  1000'  from  Sta.  220  of  this  contract. 

"Water,  Lake  Ontario  Water  Company,  hydrant  at  Sta.  136  and  new 
proposed  Long  Meadow  pipe  line,  Stas.  190  to  219. 

"Cement,  Pittsford  delivery   (West  Shore  Ry.)! 

(Signed) 

Designer." 
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Fig.  183. — Alternate  design  in  1920.      Estimated  cost  $60,000. 

Note. — A  comparison  of  figures  182  and  183  shows  the  effect  of 
delay  in  reconstruction  cost  due  to  serious  deterioration  of  old 
macadam. 

Suitable  Surfaces. — The  suitability  of  surfaces  has  been  thor- 
oughly discussed  in  Chaps  I  and  VI.  The  same  conclusions  hold, 
namely,  that  for  Classes  III  and  IV  water-bound  macadam  oiled, 
or  gravel  well  maintained  by  dragging  and  oiling,  are  satisfactory 
under  all  conditions.  These  surfaces  are  satisfactory  on  any  steep 
grade  occurring  on  improved  road  systems.     For  Class  II  traffic. 
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water-bound,  penetration  bituminous  macadam,  asphaltic  concretes, 
cement  concrete,  or  any  standard  block  or  small  cube  is  satisfactory. 
The  limitations  of  use  on  account  of  grade  have  been  discussed  (see 
pp.  425  and  101).  Standard-sized  paving  brick,  asphalt  block, 
etc.  are  not  so  rational  as  the  smaller  units  on  a  flexible  base  and 
they  also  increase  the  difficulties  of  shoulder  work. 

For  Class  I,  any  standard  type  of  high-grade  surface  is  suitable 
under  limitations  of  local  preference  and  final  cost  discussed  in 
Chap.  VI.  At  the  present  time,  the  most  easily  used  type  for 
Class  I  resurfacing  is  some  type  of  asphaltic  concrete,  but  on  steep 
grades  this  is  not  very  satisfactory  and  it  is  hoped  that  the  brick 
or  stone  manufacturers  will  produce  a  satisfactory  smaller  unit- 
sized  block  for  these  conditions.  On  main  roads  it  is  desirable  to 
use  a  surface  which  is  not  maintained  by  surface  oiling,  as  the  oil- 
ing process  is  disagreeable  for  traffic  for  a  short  period  each  season. 
On  secondary  roads,  short-time  annoyance  of  surface  oiling  is  far 
outweighed  by  the  reduced  total  cost  of  the  macadam  type,  that  is, 
very  few  communities  can  afford  perfection  of  comfort  on  secondary 
highways. 

RECONSTRUCTION  DESIGN 

General  Principles  of  Design. — Each  road  is  a  special  problem 
requiring  a  complete  knowledge  of  the  strength  of  the  existing 
pavement  and  careful  alternate  estimates  of  different  methods  of 
treatment.  There  are  an  innumerable  number  of  solutions  which 
serve  the  purpose,  provided  the  general  basic  principles  are  not 
violated.  A  few  typical  examples  are  given  to  illustrate  common 
cases.  Basic  principles  of  reconstruction  design  are  listed  as 
follows: 

1.  Make  all  necessary  alignment  changes  on  the  score  of  safety 
or  reasonable  maximum  grades  (see  official  report,  p.  594). 

2.  Adequate  pavement  width  is  essential  and  should  be  provided 
at  this  stage  of  programs. 

3.  Retain  the  same  general  type  of  foundation  unless  existing 
pavement  is  practically  worthless. 

4.  Strength  design  for  either  the  macadam  or  rigid  type  is  deter- 
mined in  the  manner  discussed  in  Chap.  VI.  High-type  surface 
should  never  be  used  on  a  weak  base.     This  is  often  done. 

5.  Suitability  of  surface  depends  on  traffic  demands.  On 
heavy-traffic  roads,  avoid  a  surface  which  requires  oiling. 

6.  Retain  same  type  of  surface  where  existing  pavements  are 
to  be  widened  only. 

7.  Avoid  use  of  so-called  dual  types  unless  unusual  conditions, 
such  as  central  car  tracks,  prevail. 

8.  Safe  and  solid  shoulders  are  essential. 

9.  Avoid  deep,  dangerous  ditches.  Use  storm-sewer  systems  if 
possible  to  eliminate  dangerous  ditches. 

Utilization  of  Old  Macadam  or  Gravel. — An  old  macadam  pave- 
ment must  never  be  scarified  unless  the  loosened  material  is  entirely 
removed  and  used  for  shoulder  material  on  the  side  of  the  new  sur- 
facing. Scarified  macadam  never  can  be  put  back  into  a  good  hard 
lock  as  the  mechanical  bond  of  the  larger  stone  fragments  is  broken 
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and  they  are  completely  separated  by  the  screenings.  Scarified 
macadam  is  nothing  but  a  stone  gravel  which  cannot  have  the 
stability  of  the  interlock  construction.  Inequalities  and  shape  of 
crown  must  be  corrected  by  adding  new  material. 

If  an  old  macadam  pavement  is  to  be  widened  and  used  as  a 
base  for  a  high-type  surface,  the  widening  should  be  done  by  state 
maintenance  forces  a  year  before  the  resurfacing,  in  order  to  give  it 
a  chance  to  harden  under  traffic.  If  the  widening  and  new  high- 
grade  surface  must  be  constructed  hurriedly,  the  most  feasible  solu- 
tion is  to  use  1:3:6  concrete  about  8"  deep  for  the  foundation 
widening  in  place  of  macadam,  although  this  method  is  not  advised 
nor  is  it  often  necessary  with  reasonable  forethought.  If  an  old 
macadam  is  to  be  widened  and  recapped  with  macadam  on  Class  II 
or  Class  III  roads,  all  the  work  may  be  done  the  same  season, 
although  it  is  desirable  to  complete  the  widening  well  in  advance  of 
the  new  top  and  give  it  considerable  traffic  pounding  to  better  the 
consolidation. 

If  an  old  macadam  pavement  must  be  strengthened  before  being 
recapped  with  a  high-grade  asphaltic  concrete  or  block  surface, 
the  resurfacing  additional  thickness  of  macadam  must  be  con- 
structed a  year  ahead  of  the  final  resurfacing  to  give  it  a  chance  to 
harden  under  traffic.  Asphaltic  concretes  or  block  surfaces  must 
never  be  laid  on  new  macadam  which  has  not  been  pounded  by 
traffic  for  at  least  6  months. 

All  potholes  must  be  dug  out  at  least  3"  deep,  the  edges  squared 
up,  filled  with  i^i  to  2^2"  stone  or  slag,  thoroughly  rolled,  filled  with 
slag  or  stone  screenings,  and  well  compacted.  Cold  patch  should 
not  be  used  for  work  of  this  kind.  Potholes  must  never  be  filled 
by  varying  the  depth  of  the  macadam  of  the  overlying  course. 

The  reinforcing  middle  course  must  not  be  laid  until  all  potholes 
are  completely  repaired.  This  course  must  be  fairly  uniform  in 
thickness;  there  should  be  no  sudden  variation  of  over  20%  in 
finished  depth. 

The  top  course  must  be  very  uniform  in  thickness.  Macadam 
top  should  have  no  sudden  variation  of  more  than  15%,  andasphal- 
tic-concrete  surface  mix  no  sudden  variation  of  more  than  10% 
in  depth.  These  rules  in  regard  to  uniformity  of  depth  are  violated 
quite   frequently  and   explain   many   unsatisfactory   repair  jobs. 

For  method  of  utilizing  existing  macadam  where  a  new  rigid-type 
pavement  is  to  be  used,  see  pages  583  and  585. 

Case  1.  Widening  Existing  Pavements. — This  case  is  illustrated 
by  Figs.  184  to  185,  Road  5  near  Rochester,  N.  Y.,  carrying  4000 
to  5000  vehicles  daily  (10-hr.  count  in  summer).  This  road  is  an 
asphaltic  concrete  (modified  Topeka)  on  concrete  base,  Stas.  o 
to  74,  and  an  Amiesite  top  on  macadam  base,  Stas.  74  to  130. 
The  foundation  soil  is  sand  and  gravel.  It  serves  traffic  well  with 
the  exception  of  width.  Figure  184  shows  the  first  design  prepared, 
which  violated  all  the  basic  principles  of  reconstruction  design. 
It  changed  general  type  of  foundation  and  used  different  types  of 
surfacing.  Figure  185  shows  a  new  design  which  not  only  retains 
type  but  is  cheaper  in  construction  cost.  Figure  185  is  a  satisfac- 
tory design  for  a  case  of  this  kind,  except  that  the  concrete  base 
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should  be  thicker  than  shown  (for  recommended  depths,  see  Table 
86,  p.  426).  The  object  of  the  undercut  concrete  base  connection 
is  to  prevent  separation  of  additional  base  from  original  base;  it 
gives  a  good  grip  contact. 

Case  2.  Recapping  a  Worn-out  Rigid-base  Pavement  Having  a 
Removable  Top. — This  case  is  very  simple;  it  merely  involves  the 
removal  of  the  old,  worn-out  surface  and  its  replacement  by  any 
standard  type  of  surface  desired.  The  old  rigid  base  is  retained 
and  repaired  if  necessary.  New  edging  or  stone  shoulders  bound 
with  bitumen  are  provided.  This  case  does  not  require  illustration 
by  typical  sections. 
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Case  3.  Recapping  a  Worn-out  Monolithic  Rigid  Pavement  of 
Ample  Strength  and  Width. — Broken-down  or  weak  areas  of  the 
old  pavement  are  cut  out  and  removed  and  the  edges  of  the  retained 
pavement  squared  up.  The  subgrade  is  undercut  along  the  con- 
necting edge  similar  to  Fig.  186;  new  concrete  base  is  laid  and  well 
tamped  into  the  undercut.  This  concrete  is  protected  from  traffic 
and  allowed  to  set  14  days  before  the  new  surface  is  placed.  Two 
general  types  of  surface  can  be  used,  asphaltic  concretes,  or  any 
standard  block  or  cube  form  of  pavement. 

If  asphaltic  concrete  is  used,  the  procedure  is  essentially  as 
follows:  Potholes  in  the  old  pavement  over  ^2"  deep,  but  not  too 
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deep  to  weaken  the  base,  are  chiseled  out  to  a  square  edge  and  filled 
with  coarse-stone  cold-patch  material  filled  with  coarse  sand  and 
thoroughly  rolled.  Small  depressions,  cracks,  and  crown  irregu- 
larities are  cleaned  out  and  filled  by  varying  the  depth  of  regular 
binder  course.  For  this  purpose,  an  average  depth  of  1  to  1^2" 
compacted  binder  is  generally  sufficient.  The  final  surfacing  can 
be  constructed  of  any  desired  mix  of  asphaltic  concrete  ranging  in 
depth  from  1^  to  2^2"  as  desired.  For  Class  II  or  II A  traffic, 
i^j"  modified  Topeka  makes  a  good  surface;  for  Class  I  traffic 


Old?  Top  Bituminous  Macadam 

ZSSSSSLm*     M'*'n3Me*h0?-TyPel  NevB.tuminous  Macadam?.,^         , 

a7a%&f!-nteLo7j%p  I  2"5F*Kr      Method  hpeS-hp  CourSe(e  Consolidated ^ 

are  to  be  repaired  Such  ,  :  Vase  12 /2S Cone  ; 

repairing  covered  by  ihms79,65&S4     '  j         ~v  y_* 


;;y, i,x.,j, 


<-? 


v\          -.A    ,  ,  /MHf-'VW 

/6- >K- -/6'-r--^K-A 

Variable ->p Variable— 

Old  Edging  to  be  cutoff  for  a  depth 
of 'at  leas  fc  "below surface  of 
finished  pavement.  Item  No  80 

Typical  Section 

SK».0-50+oT2*90 

Total  Width  Pavement  25  0 


thickness) 

Crown  Grade  E/ey. 
Variable 


'  New  Concrete  Base 
I2'/S  SMt* 


duiside  Edge  Widening 
IS'off  center  line  -\ 


NewfAmesiie  Top  3  to  4' wide,  lhm82 

New  5  "Shg  Bottom  3  to  4  'wide 

.'  k rO/d  Amiesire  Top 

■     K- !3'fo2Q'wide 


OldShoutJer- 
i,Do  not  disturb 


j  ,„■  i     ■       I    NOTE!  The  widening  is  on  the  east  side 

Proposed  Y/idening  on!        0S  ff,lSS;ves  a  USable  width  and  the 

Tupical  Section  general  slope  and  crown  oflhe  Old  Macadam 

•l  'to  -rri   nn*nn+  is  nearly  perfect on this  line  except  from 

>taT9+15tol30*00±  jta l?lto'?9.  Thecrownonthe  Jestside 

Special  Sections  ore  used  /s  steep  ond  traffic  naturally  crowds 

near5ta.l04and  121  to  130)  //7f  <,0st$ide 


Fig.  185. — Design  2,  Road  5,  this  design  complies  with  basic  design 
principles  and  is  cheaper  than  design  1. 


of  fine  aggregate  sheet  asphalt  makes  a  good  surface.  The 
thickness  of  the  surface  course  must  be  uniform  (see  p.  587).  Well- 
compacted  bituminous  macadam  shoulders  at  least  4  to  6"  deep 
and  2'  wide  should  be  constructed  along  the  edge  to  prevent 
excessive  edge  wear  of  the  high-class  pavement.  Safe  width  of 
grading  shoulder  and  safe  ditch  section  should  be  provided.  This 
case  is  illustrated  by  Fig.  186. 

If  a  standard  block  surface  is  used,  the  repair  of  the  base  for 
weak  areas  is  the  same  as  described.  Pothole  repair  for  depressions 
over  ^2"  deep  consists  of  chiseling  out  to  a  square  edge  and  filling 
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with  1:2:4  or  i'-/-2:3  concrete  which  is  protected  and  allowed 
to  set  for  14  days.  Cracks,  minor  irregularities  of  crown  and  small 
depressions  are  cleaned  out  and  removed  by  varying  the  depth  of 
the  cement-sand  cushion  on  which  the  new  surfacing  is  to  be  laid 
An  allowance  of  1"  to  1^2"  average  depth  of  1:4  cement-sand 
cushion  is  generally  ample  to  meet  this  requirement.  On  this 
cement-sand  cushion,  the  block  surface  is  constructed  in  the  same 
manner  as  for  original  construction.     The  edge  of  the  pavement 


If  em No- 
FotHoh  Repair  Binder  Filled 


Any  desired  Mix.  Asphaft/'c  \ 

Concrete  l'/£  "to  d  "thick       *k'.,  ! 

Binder  Course l"to/j'-Average thickness,  ;  ;\ 
Well  Compacted  Macadam  Edging 


Pol  Hole  Repair 
,' Chisel outand  fill  with  I:?:  4 
<    fine  Stone  Concrete 

.  Any  Standard  Block  Surface 

;  ;j  hi  Cement  Sand  Cushion  14-Mix. 

,■-1:1'/?  '■  3  Ccncretef lush  Edging 


"?-Old Shoulder  •      Old  Rigid  Fbvemenr1?*^-     Old  Shoulder 

Cracked  and  Broken  Down  Areas 
removed  and  replaced  with 
Cement  Concrete  l:2'/z  SMix. 
Any  necessary  depth  see  Chapter 2. 
Use  Undercut  Connection 

Fig.  i  86. — Typical  design,  Case  3. 

should  be  protected  by  a  simple  concrete  flush  edging  outside  o 
which  the  stone  shoulder,  earth  grading,  and  ditch  section  are  tin 
same  as  for  the  previous  case.  This  case  is  illustrated  by  Fig.  186 
Case  4.  Change  of  Type  on  Class  I  Traffic  Road.  a.  When 
Old  Macadam  Is  of  Ample  Width. — Drop  a  new  rigid  pavemen 
below  surface  of  old,  rough  macadam  in  order  to  get  a  uniform  sup 
porting  surface  and  in  order  to  obtain  cheaply  the  stone  shoulde: 
needed  on  each  side  of  the  new  rigid  pavement;  that  is,  the  ok 

^ po'-o"- >j  . 

W-o'-^r  -  -io'-o"  —>(<--  -io'-o  "-  -  ->W  Wiff*M  c«& 

flf  \   ThM,rf,™lr,rF/™.     '    ?'b"     '    .X" 


Surface  of  existing 
to  be  scarified 


V  Broken  Slag  Bottom  Course 
\  I  Reinforced  Broken  JfoneCement 
H  Concrete  I-  £  -J  Mix. 
I  6>  'Uniform  thickness 


Fig.  187. — Case  4,  example  of  poor  design. 

macadam  top  course  is  scarified  and  removed  and  used  as  a  shoulde] 
along  the  sides  of  the  new  pavement. 

The  new  pavement  should  be  of  ample  depth  for  macadam  supporl 
conditions  (see  Chap.  VI  on  Design,  for  the  effect  of  macadan 
underlying  support). 

b.  Where  Old  Macadam  Is  of  Less  Width  Than  New  Pavement  — 
The  same  procedure  applies  in  regard  to  scarifying,  removing  old 
top,  and  utilizing  it  for  new  shoulder.     In  designing  depth,  it  is 
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good  policy  to  increase  edge  depth  over  middle  depth  where  the 
advantage  of  macadam  support  is  lost.  It  is  poor  design  to  attempt 
to  widen  the  macadam  and  then  use  uniform  depth  of  new  pave- 
ment (see  also  Chap.  VI  for  relation  of  edge  to  center  depth). 

Figure  187  illustrates  poor  practice.  Figure  182  illustrates  good 
practice. 

Case  5.  Three-strip  Dual  Type  of  Construction,  Class  I  Traffic 
(Not  Recommended). — The  general  idea  of  this  type  of  reconstruc- 
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Shoulders  and  Ditches  tobebuiltingeneral 
as  shown  but  may  be  varied  in  special  cases 
if  ordered  by  the  Engineer 
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'■  5  Broken  Slag  Bottom  Coarse 
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*  3  Bituminous  Macadam 
fenefra  hon  Me  *rod  on  PresentSurface  of  Macadam 
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Case  5.     Dual  type  (poor  practice). 

Circular  Arc,  Crown  ^  per  ft 


Item  No- 
Repair  Pot  Holes 

Item  No  - 
New  Rigid  Pavement 
fe'hl  "additional  thickness 
where  support  of  old  Macadam 
islost.SeeChapter?.  \ 
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Item  No-       „     ,,, 
.  Bituminous  Macadam 4  too  deep 
;  Elevation  of  Edge  £■>  above  edge 
:  of  Rigid  Pavement 


Strata ht  Crown 
'/4  to  I  ft 

Stone  Shoulders  Constructed 
■  of  Scarified  Macadam 

L 


OldsHoulder 

Old  Macadam  Bottom  Course. 
Do  not  disturb 


OldDikh 


Scarufu  and  Remove  Old  Macadam 
Top  Course  Outside  Middle  Sft 


Fig.  188. — Case  5  (good  practice). 

tion  is  shown  in  Fig.  188.  Mixed  types  are  generally  considered 
poor  design,  as  they  are  expensive  to  maintain,  although  the  dual 
type  is  quite  popular  with  traffic,  as  it  tends  to  separate  the  lines 
of  travel. 

The  same  principles  of  utilizing  old  macadam  top  course  for 
shoulder  material  applies  as  in  Case  4;  the  same  principal  of  deepen- 
ing the  pavement  along  the  edges  where  it  loses  macadam  support 
applies  as  in  Case  4.  Case  5  is  illustrated  by  Figs.  188  (poor 
practice)  and  i88.4  (good  practice). 
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Case  6.  Recapping  Finn  Rough  Macadam. — Potholes  in  the  sur- 
face over  x/2  "  deep  are  picked  out  for  the  full  depth  of  the  top  course, 
and  the  edges  squared  up.  The  hole  is  filled  with  regular  top  stone 
or  slag  (i34"  to  2^2"  size),  thoroughly  rolled  to  a  tight  lock,  filled 
with  coarse  sand  or  screenings,  and  hard  rolled.  The  surface 
course  is  then  laid  in  the  usual  manner,  using  any  type  desired. 
Water-bound  or  penetration  bituminous  macadam  3"  consolidated 
depth  can  be  used  for  Class  III  traffic.  Penetration  bituminous 
3"  deep  is  satisfactory  for  Class  II  traffic.  Some  form  of  asphaltic 
concrete,  preferably  of  the  coarse  aggregate  type  averaging  2^  to 
3"  finished  depth  is  satisfactory  for  Classes  II  or  IL4.  Coarse- 
graded  Amiesite  is  particularly  adapted  to  such  cases,  as  it  adds 
materially  to  the  structural  strength  of  the  old  base.  Under  the 
heavier  11^4  traffic,  a  1"  binder  course  with  \\<i  to  2"  of  modified 
Topeka  is  a  good  solution,  provided  steep  grades  are  not  encount- 
ered. The  thickness  of  the  top  course  must  be  uniform.  On 
steep  grades,  the  single-pour  bituminous  macadam  or  small  cubical 
block  surface  is  used.  If  a  block  or  cube  surface  is  used  the  minor 
surface  irregularities  of  the  old  macadam  remaining  after  the  pot- 
holes have  been  repaired  are  eliminated  by  a  varying  depth  of  1 : 4 
cement-sand  cushion;  joints  are  filled  with  either  bitumen  or  sand 


Well  Compacted        Circular  Arc  Crown £  per  fit. 

bituminous  Macadam      ^ .  jfem  Nq  _ 
Stone  or  Slag  Shoulder    ,  pof^0/e  ffsoa!r 
Edging  GJdeen  ■ 


■  2j  Cube  Surface fBrJcfr  or  Sfone 
SandJoinh  oiled. 

rf\fener  Course  Cement  Sand 

'  or  Bituminous  Sand 
2  Average  thickness 

ST" 


Fig.  189. 


Do  not  disturb  did  Macadam 
-Recapping  old  firm  macadam  with  cube  surface. 


with  a  light  surface  oiling.  The  new  shoulders  should  be  a  good 
gravelly  soil  and  the  grading  width  of  new  shoulders  and  ditches 
must  be  safe. 

Dont  's. — In  recapping  an  old,  firm,  rough  macadam,  do  not  scarify 
the  old  surface  and  add  material  (see  p.  587).  If  the  old  surface  is  a 
smooth,  slippery,  flush-coat,  bituminous  macadam  on  which  it  is 
difficult  to  get  a  good  grip  for  the  surface  coat,  it  can  be  either 
scarified  and  completely  removed  and  used  on  the  shoulder,  or  a 
3^2"  depth  of  new  top  can  be  used  which  has  considerable  internal 
stability  of  its  own,  or  a  bituminous  paint  binder  can  be  applied 
overlaid  with  an  open  mix  binder  about  1"  deep  and  finished  off 
with  a  Modified  Topeka  surface  mix. 

Don't  attempt  to  widen  an  old  macadam  base  the  same  year  that 
it  is  recapped  with  a  high-grade  asphaltic-concrete  or  block  surface 
for  Class  HA  or  Class  I  traffic.  Widening  for  this  class  of  work 
should  be  done  the  preceding  year.  Under  Class  II  or  Class  III 
traffic  with  an  ordinary  macadam  recapping,  this  restriction  does 
not  hold.     If  a  quick  widening  is  absolutely  necessary  for  Class  I  or 
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Note  for  Tup/cat  Sections:  Shoulders  and  Ditches  to  be  built  in  general  as  shown 
op  Tupical  Sections,  but  they  may  be  varied  in  special  coses  if  ordered  by  the  Engineer 
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Typical  Section 

Fig.  190. — Case  7.  Good  typical  example  of  widening,  strength- 
ing  and  recapping  an  old  narrow  weak  macadam  pavement, 
vision  4,  New  York  State. 
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Class  IIA  traffic,  a  depth  of  8"  of  i :  3 : 6  cement  concrete  for  the 
additional  foundation  width  is  probably  the  best  solution. 

The  final  top  course  must  be  uniform  in  thickness  (see  p.  587). 

Case  7.  Reinforcing  and  Resurfacing  an  Old  Weak  Macadam, 
Traffic  of  Classes  IIA,  II,  or  III.— Actual  conditions  as  to  under- 
lying soil  and  existing  depth  of  macadam  must  be  thoroughly 
investigated  by  test  holes  and  records  of  spring  blow-ups.  The 
portions  of  the  road  which  are  entirely  inadequate  should  be 
completely  removed  and  rebuilt  to  the  proper  depth  (see  Chap. 
VI,  p.  391).  For  this  work,  regular  construction  methods  apply, 
utilizing  any  available  type  of  subbase  or  foundation  course. 
Where  a  middle  reinforcing  course  of  3  to  5"  depth  in  conjunction 
with  the  new  surface  course  will  produce  an  adequate  depth, 
the  old  road  is  left  untouched.  Potholes  are  repaired  as  in  Case  6. 
These  must  be  repaired  before  the  reinforcing  course  is  laid.  The 
reinforcing  course  is  essentially  the  same  as  ordinary  macadam  bot- 
tom, and  ordinary  construction  methods  and  materials  require- 
ments apply.  The  top-course  construction  is  the  same  as  for  new 
construction  where  water-bound  or  penetration  macadam  is  used 
If  a  high-grade  asphaltic  concrete  or  block  surface  is  contemplatec 
under  Class  114  traffic,  it  must  not  be  laid  the  same  season  as  tht 
reinforcing  course.  Traffic  must  be  permitted  on  the  reinforcing 
course  for  at  least  1  year.  Under  these  conditions,  and  reinforcing 
course  should  be  bound  with  screenings  instead  of  sand  and  ravelmj 
prevented  by  applications  of  calcium  chloride  (Case  7  lllustratec 
by  Figs.  189  and  190). 

TYPICAL    REPORT    ILLUSTRATING    ADVANTAGE    OF 
RECONSTRUCTION  RELOCATIONS 

Rochester,  N.  Y. 
May  16,  192; 


"  Mr. ; . 

Division  Engineer, 
Rochester,  N.  Y. 

"Find  attached  detail  report  on  the  proposed  relocation  of  Clover  Stree 
Road  294,  Stas.  o  to  9  (canal  crossing).  . 

"We  recommend  a  i6'  bituminous-macadam  pavement  on  straigfi 
alignment  with  5%  maximum  grade  at  an  estimated  cost  of  59500.  J 
cement-concrete  pavement  is  used  the  cost  is  estimated  at  »i  1,8.00.        . 

"This  relocation  is  justified  on  the  score  of  safety  alone,  as  it  eliminate 
two  sharp  curves,  an  8%  grade,  and  an  old  narrow,  unsafe  bridge.  In 
reduction  in  motor  operation  cost  on  the  new  line  probably  warrants 
construction  expenditure  of  about  $10,000,  but  this  consideration  need  not  t 
given  much  weight  for  this  particular  project,  although  it  furnishes  add 
tional  argument  in  favor  of  the  work.  Sincerely  yours, , 

Designer." 

DETAIL  REPORT 
Clover  Street  Road  294  (Canal  Crossing) 
"1.  Location  and  Length.— The  proposed  relocation  extends  from  Monrc 
Avenue  Road  94  to  Sta.  9  +  00  of  Clover  Street  Road  294.  a  distance  of  900 
"2.  Traffic  Classification.— Road  294  is  on  the  borderline  between  Cla*»  J 
and  Class  III  traffic.      The  1920  census  gives  550  vehicles  in  12  hr.  summ- 
travel  and  the  1922  census  400  vehicles  in  12  hr.      For  purposes  of  estimator 
the   economic   value   of  the  proposed   improvement   an   allowance   ot    8c 
vehicles  daily  will  be  made. 
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"3.  Grades  and  Alignment.— The  proposed  relocation  materially 
improves  the  grade  and  alignment.  The  existing  alignment  has  two  sharp 
curves,  one  of  75'  radius  and  one  of  200'  radius.  The  existing  grades  are 
steep,  and  an  8%  bridge  approach  grade  is  the  maximum.  The  proposed 
alignment  is  straight  with  a  5%  maximum  rate  of  grade.      The  distance  on 


Wll'U  Id 


he  new  line  is  44'  shorter  than  on  the  existing  road  and  the  old  narrow, 
nsafe  bridge  over  the  abandoned  Erie  Canal  is  replaced  by  a  permanent 
11  with  culvert  drainage.  The  cost  of  the  necessary  grading  on  the  new 
ocation  is  estimated  at  S4000.  The  economic  benefit  of  this  grading  is 
stimated  at  $  10,000.  (see  following  tabulation  based  on  curve  1,  Fig.  2, 
I  13). 
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Tabulation  of  Capitalized  Motor  Operation  Costs 
(Old  and  new  locations,  Stas.  o  to  12  +  00) 


Rate  of  grade, 

Estimated  capi- 
talized cost, 

Old  profile 

New  profile 

motor  operation, 

per  cent 

100  vehicles 

Dis- 

Dis- 

daily per  foot 

tance 

Amount 

tance 

Amount 

of  distance 

feet 

feet 

1  or  less 

5  9.10 

80 

$       728 

50 

$      455 

2  .0 

9. is 

320 

2,928 

2.6 

9.21 

200 

1,842 

3-0 

925 

100 

925 

3-4 

9.31 

100 

93i 

3-9 

9.37 

100 

937 

4.0 

9.40 

80 

752 

4.2 

9.46 

300 

2,838 

156 

1.475 

5-0 

970 

550 

5.335 

8.0 
Totals 

12.50 

320 

4,000 

1,200 

$12,171 

1,156 

$10,975 

Net  capitalized  advantage  of  new  line  per  100  vehicles  daily,  $1200. 
Net  advantage  800  vehicles  daily,  $9600,  say,  $  10,000. 

"4.  Suitable    Pavement  Types   (Based  on  Traffic  Classification). — Th 

road  is  Class  II  traffic  (see  Sec.  2  of  this  report).  For  this  volume  ar 
character  of  traffic  either  bituminous  macadam  or  cement  concrete  will  ser 
satisfactorily.  For  the  special  conditions  prevailing,  it  is  probable  th 
bituminous  macadam  is  the  more  rational  type  to  choose,  based  on  t) 
following  facts.  This  relocation  is  a  short  piece  of  Road  294,  which  is 
bituminous-macadam  construction;  it  connects  at  the  north  end  (Sta. 
with  Road  474,  which  is  bituminous  macadam,  and  with  Road  94,  whii 
is  bituminous  macadam  to  the  west  and  will  be  reinforced  cement  concre 
to  the  east.  This  relocation  will  have  some  deep  fills  which  will  pro 
ably  settle  for  2  or  3  years  after  construction,  which  is  not  a  favorable  co 
dition  for  rigid-pavement  construction.  The  existing  macadam  of  the  o 
road  can  be  excavated  and  reused  for  subbase  course  of  the  new  macada 
construction  which  gives  a  distinct  economic  advantage  to  the  use  of  tr 
type. 

"For  record  purposes  comparative  estimates  have  been  prepared  for  bo 
bituminous  macadam  and  cement  concrete. 

"5.  Soils. — The  subgrade  soil  is  a  medium  clay  comparatively  free  fro 
ground-water  seepage. 

"6.  Uniform  Strength  Design. 


: 


Station  to 
station 


Soil 


Grading  conditions 


Total  pavement 
depths1 


Macadam     Concrete 


0-2 

2-7 
7-9 


Medium  clay 
Medium  clay 
Medium  clay 


Cut  and  shallow  fills 
Fills  over  3"  deep 
Cut  and  shallow  fills 


16 

11 
16 


1  These   depths   are  based  on  Table  74  (p.  391)  for  the  macadam  desij 
and  on  the  minimum  allowable  depth  of  concrete  pavements  (p.  453). 

"As  further  evidence  of  proper  allowable  depth  of  macadam  on  this  ro; 
the  existing  macadam  (10"  deep)  is  in  perfect  shape  on  the  high-fill  Stas. 
to  5  after  10  years'  use.  At  no  point  on  Road  294  has  there  been  ai 
evidence  of  weakness  where  the  old  macadam  is  16"  deep  in  cuts.  This  c 
road  carries  a  regular  milk-collecting  truck  route  and  this  evidence  extendi: 
over  10  years  seems  to  strengthen  the  conclusions  expressed  by  Table 
(p.  39i). 
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"For  the  macadam  construction  a  3"  depth  of  top  course  is  recommended; 

4"  depth  of  new  stone  or  slag  for  middle  course;  and  from  4  to  9"  of  reused 
Id  macadam  for  the  foundation  course. 

"7.  Materials  Required  (Pavement  Estimate). — There  are  1900  sq.  yd. 
f  pavement  on  this  job.  The  macadam  type  of  pavement  will  require: 
20  cu.  yd.  foundation  course  (4  to  9"  thick);  200  cu.  yd.  middle  course 
thick);  160  cu.  yd.  top  course  (3"  thick);  and  4300  gal.  of  bituminous 
inder. 

"The  concrete  type  of  pavement  will  require:  360  cu.  yd.  concrete  1:1^:3 
lix  (6%"  thick);  700  bbl.  cement;  17,200  sq.  ft.  mesh  reinforcement  (40  lb. 
er  100  sq.  ft.);  7000  lb.  bar  reinforcement;  400  lin.  ft.  expansion  joints. 

"8.  Materials  Available. — The  only  local  material  available  is  the  existing 
lacadam,  Sta.  o  to  9,  which  can  be  excavated  and  reused  for  foundation 
aurse  macadam  construction;  350  cu.  yd.  of  this  old  macadam  are  available 
>r  reuse. 

"All  other  materials  must  be  imported:  cement  (Pittsford  delivery);  stone 
Pittsford  delivery  or  truck  from  Rochester) ;  sand  (Pittsford  delivery  or  truck 
•om  Rochester) ;  bitumen  (Pittsford  delivery  or  Tarvia  from  Brighton) ;  water 
lydrant  supply  Stas.  o  and  9,  Lake  Ontario  Water  Company). 
9.  Comparative  Estimates  (See  Table  97,  p.  520). 


Type  of  pavement 


Average 

thickness, 

inches 


Cost  per  square  yard  of  pavement 


W 


u  C 


O^ 


Jituminous  macadam, 
ement  concrete 


13 

7 


$2 .  10 
320 


50.105 
o.  160 


>0.035 
0.010 


so .  11 
o.  12 


So.  25 
0.29 


"Grading,  culverts,  and  incidentals  are  estimated  at  approximately  S4900. 

"The  total  cost,  including  all  items  with  an  allowance  of  approximately 
5oo  for  engineering,  inspection,  and  contingency,  is  as  follows: 

Bituminous  macadam $  9,500 

Cement  concrete 11,809 

10.  Maximum  Allowable  Expenditure  and  Final  Recommendations. — ■ 

ny  necessary  expenditure  is  allowable  on  this  project  on  the  score  of  safety 
;  outlined  in  the  first  paragraph  of  the  report.      The  economic  advantage 

the  new  location  due  to  better  grades  and  shorter  distance  probably 
arrants  a  construction  expenditure  of  about  $10,900  to  Si  1,000  (see  Sec.  3 
'  this  report).  The  new  pavement  does  not  reduce  motor  operation  costs 
ppreciably,  as  the  present  pavement  is  equivalent  to  a  first-class  asphaltic 
pncrete  surface  as  far  as  operation  is  concerned.  The  total  economic  value 
:  the  proposed  work  does  not  probably  exceed  Si  1,000  to  Si2,ooo. 

Either  cement  concrete  or  bituminous  macadam  could  be  constructed 
ithout  loss  to  the  community,  but  the  selection  of  bituminous  macadam 
tems  a  better  business  investment  in  this  particular  case,  as  discussed  in 
2C.  4  of  this  report. 

(Signed) 
Designer." 
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TYPICAL  REPORT  ILLUSTRATING  THE  EFFECT  OF  UTILIZATI' 
OF  OLD  MACADAM  ON  RECONSTRUCTION  COSTS 

Rochester,  X.  Y., 
Apr.  10,  1923. 

"  Mr-  — : • 

Division  Engineer, 
Rochester,  N.  Y. 
"Dear  Sir: 

"Find  below  summarized  design  report  on  the  reconstruction  of  Road 
State  Route  30,  Class  HA  traffic,  from  St  as.89  to  239  +  35,  a  distance  of  2 
miles. 

"We  recommend  an  entirely  new  cement-concrete  pavement  7"  aver 
depth,  Stas.  89  to  132.     From  Stas.  132  to  239  we  recommend  that  the 
macadam  (at  present  ranging  in  depth  from  8  to  11"  as  determined  by 
test  holes)  be  retained  as  a  base  course,  widened  to  18'  with  gravel  fo 
dation  course,  the  thickness  of  the  old  road  increased  by  the  addition  of  a 
slag  water-bound  middle  course,  which  is  to  be  used  by  traffic  at  leas  hi 
months,  and  then  capped  with  3"  of  some  typeof  asphalt  concrete  p:   f 
erably  Amiesite    or    Topeka.     This  design  is  estimated  to  cost  $134,0 
If  cement  concrete  is  used  for  the  entire  distance,  the  estimated  cos' 
$146,000.      These  two  designs  are  practically  equal  from  the  standpoinl    I 
maintenance  and  motor  operation  costs. 

"An  alignment  change  is  made  between  Stas.  109  and  114;  this  chang< 
alignment  is  amply  justified  on  the  score  of  safety  regardless  of  the  increa 
cost.  It  increases  the  cost  over  following  the  old  road  about  $11,000,  bu 
probably  cheapens  the  cost  of  motor  operation  enough  to  warrant  a  c 
struction  expenditure  of  at  least  $6000,  even  if  the  increased  safety  is  gi 
no  weight  in  the  decision. 

Sincerely  yours    .": 
Designer.    jr 

Actual  Procedure. — This  road'was  constructed  of  concrete  for  the  en  ' 
length  on  account  of  impracticability  of  using  both  cement  concrete  ;i  Si 
bituminous  hot  mix  equipment  on  such  a  short  job. 

-" 
r. 
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CHAPTER  IX 

HE    PROTECTION    AND    ELIMINATION    OF    RAILROAD 
GRADE  CROSSINGS 


Introduction. — Railroad  grade  crossings  are  a  source  of  danger 
tjnd  delay  to  highway  traffic.  Danger  is  present  in  all  cases  and  is 
j  le  main  factor  to  be  considered.  Delay,  with  resultant  congestion, 
ecomes  important  on  city  streets  or  on  heavily  traveled  rural  roads 
hich  are  frequently  blocked  by  long,  slow  freight  trains.  Danger 
in  be  materially  reduced  by  means  of  various  kinds  of  warning 
;nd  protective  devices  or  entire  safety  secured  by  grade  separations 
highway  relocations.  Delay  can  only  be  corrected  by  grade 
jparations  or  relocations. 

It  is  well  recognized  that  the  railroads  and  community  at  large 

re  obligated  to  provide  adequate  safeguards  at  these  crossings  to 

rotect  reasonably  careful  drivers.     It  is  also  quite  well  established 

|  lat  large  expenditures  for  the  complete  protection  of  reckless  road 

sers  are  rarely  justified,  as  such  individuals  are  a  positive  menace 

3  highway  traffic  and  their  death  is  a  gain  rather  than  a  loss  to 
le  community.  This  general  premise  results  in  the  use  of  warning 
igns  and  signals  for  the  great  majority  of  the  crossings  and  the 
se  of  eliminations  on  the  more  heavily  traveled  highways  where 
elay,  congestion,  or  unusual  physical  conditions  make  such  con- 
duction desirable  for  general  community  benefit. 

77  should  be  borne  in  mind  however  that  while  subway  or  overhead 
wssings  eliminate  danger  of  collision  between  trains  and  highway 
ehicles  they  introduce  other  sources  of  highway  accident  due  to  grades, 
urved  alignment  etc.  That  is  unless  such  eliminations  are  well 
esigned  they  are  often  the  source  of  accidents  in  themselves  which  did 
ot  occur  before  the  eliminations  were  constructed.     {See  pages  632, 

4  and  646.) 

Cost  and  Relative  Value  of  Different  Kinds  of  Protection. — 
dequate  protection  for  careful  highway  users  can  be  accomplished 
ith  comparatively  small  expenditures,  which  are  well  within 
he  means  of  most  communities,  by  the  intelligent  use  of  different 
inds  of  warning  signals  and  watchmen.  The  effectiveness  of 
uch  a  program,  however,  depends  on  recognition  of  the  limitations 
f  the  different  kinds  of  warning  devices  and  the  selection  of  the 
est  type  or  combination  of  methods  which  will  meet  the  special 
onditions  at  each  crossing.  The  advantages  and  limitations  of 
he  different  methods  of  grade-crossing  protection  are  discussed 
nder  each  type  of  signal.  Complete  protection  and  the  prevention 
f  delay  by  means  of  grade  separations  are  costly  matters,  which 
ven  the  richest  communities  find  difficulty  in  financing  for  any 
arge  percentage  of  crossings.     The  following  table  indicates  in 
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a  general  way  the  cost  of  different  types  of  protection  on  rural  higl 
ways  for  western  New  York  conditions  in  1925. 

Table  hi. — Table  Costs  of  Different  Types  of  Protectioi 


Item 

Approximate 

cost  of 
installation 

Yearly 
mainte- 
nance 
and 
oper- 
ation 

Yearly 
renewal 

Total 
yearly 

cost 
interest 
5%,  main- 
tenance 

and 
renewal 

Approach  warning  signs.. . 
Pavement  markings 

$10 

S         2 

15 

5 

150 
300 

200 

S        3 

Railroad  signs 

30 

1000-2000° 

3000-6000* 
2500 

$        3 

100 
200 

20 

Automatic  signals,  steam 
railway 

Automatic   signals,   elec- 
tric railways 

350° 
700-iooc 

350 

1400 
3100 
3300 
3700 

6500  ± 

Automatic    signals    plus 
8-hr.  flagman 

Hand  gates 

100 

400 

2000 

80,000-200,000 
100,000  average 

3100 
3200 
3500 

200  + 

100 
200 

1300  + 

Electric  gates  with  tower 
Grade-separation    elimi- 
nations  

"Single  and  double  track. 
6Four  tracks. 


Usual  conditions. 


The  following  table,  based  on  accident  data  in  Division  4,  westei 
New  York,  for  a  period  of  10  years  gives  some  basis  for  judgmer 
as  to  the  relative  effectiveness  of  signal  and  watchman  protectic   ■ 
(see  Table  No.  112). 

Table 


112 


Method  of  protection 


Relative  number 

of  accidents  for 

uniform  density 

of  traffic  for 

different  methods, 

Corrected  for 
traffic  volume  to 

make  directly 

comparable  with 

each  other 


Reduction  in 
danger   ac- 
complished 

over  unpro- 
tected con- 
ditions, % 


Remarks 


Unprotected  or  poorly 
protected  crossings.. .  . 

Plain  semiphore  or  banjo 
semiphore  type  of  auto- 
matic signal 

Automatic  wigwag  oscil- 
lating-arm  signal  with 
bell  attachment 

24-hr.  watchmen  or  gates 

Stop  orders  on  electric 
interurban  cars 


3 
2 

0.5 


40 


70 
80 


95 


Good  data 
Meager  data 


Fair  data 
Good  data 

Good  data 


Note. — Automatic  intermittent  flash  signals  have  not  been  in  use  Ion 
enough  for  the  accident  records  to  be  of  much  value.  They  are  apparentl 
about  comparable  with  the  wigwag  signal  in  effectiveness,  but  are  not  yt 
as  well  understood  by  drivers  as  the  swinging  disc.  This  difficulty  will  b 
rapidly  overcome  with  a  little  longer  use.  Where  flash  signals  face  directl 
into  a  low  strong  sun  they  are  ineffective  while  this  condition  prevails- 
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A  very  conservative  estimate  of  the  relative  value  of  these 
lethods  of  protection  assumes  that  automatic  signals  reduce  danger 
rom  40  to  60%;  watchmen  and  gates  from  50  to  80%;  and  well- 
esigned  eliminations  100%  phis  the  added  advantage  of  the  free 
assage  at  all  times.  It  can  be  readily  seen  that  the  greatest  reduc- 
ion  in  danger  for  the  expenditure  of  limited  funds  can  be  obtained 
y  the  use  of  automatic  signals  in  conjunction  with  well-built 
pproaches,  warning  signs,  and  pavement  markings  for  the  ordi- 
ary  rural  highway  crossing.  It  can  also  be  seen  that  where  flag- 
len  and  gates  are  needed  on  account  of  heavy  traffic  in  conjunction 
fith  railroad  switching  and  shifting,  which  cannot  be  adequately 
srved  by  automatic  signals,  grade-separation  eliminations  are  a 
ood  business  investment,  provided  the  topography  permits  their 
rection  for  a  reasonable  first  cost  and  the  element  of  traffic  delay 
dds  to  their  value.  Figure  192  shows  cost  and  economic  limit  of 
ifferent  methods  of  protection  for  different  traffic  densities  in 
estern  New  York  (page  602). 

A  common-sense  solution  which  has  been  widely  adopted  is  to 
-ect  automatic  signals  supplemented  by  watchmen  where  needed 
t  all  crossings  on  important  roads  and  to  proceed  with  a  restricted 
rogram  of  elimination  construction  as  the  funds  become  available. 
Financing. — The  percentage  of  yearly  highway  funds  that  can 
z  properly  used  for  crossing  protection  should  have  some  relation 
crossing  danger  as  compared  with  the  other  sources  of  highway 
inger.  The  division  of  cost  between  the  railroads  and  the  corn- 
unity  and  the  method  of  taxation  for  public  funds  should  have 
>me  relation  to  the  benefit  derived  from  such  protection. 
While  the  relation  of  railroad-crossing  accidents  to  other  highway 
xidents  will  vary  widely  for  different  localities,  available  statistics 
ven  in  Chap.  I  (p.  34)  indicate  that,  as  a  rule,  grade  crossings 
■e  responsible  for  from  6  to  10%  of  all  highway  accidents.  Taking 
-  ie  country  as  a  whole,  they  are  responsible  for  two  deaths  per  year 
it  100,000  population.  On  the  state  highway  system  in  western 
ew  York,  involving  207  grade  crossings  and  an  average  highway 
affic  of  800  vehicles  daily,  there  have  been  approximately  190 
rious  accidents  in  10  years,  or  an  average  of  about  0.1  serious 
cident  per  crossing  per  year.  From  the  standpoint  of  damage 
aims,  assuming  all  accidents,  whether  due  to  carelessness  or  not, 
ie  average  money  damage  would  not  exceed  $300,000  total,  or 
500  per  crossing  per  year  average  for  this  territory,  and  probably 
d  not  actually  exceed  $1000  per  crossing.  This  indicates,  in  a 
neral  way,  that  there  is  very  little  basis  for  using  a  large  per- 
ntage  of  highway  funds  for  crossing  protection;  that  10%  would 
j  an  extreme  maximum;  that  5%  would  be  a  large  percentage;  and 
at  2  to  3%  is  generally  a  more  rational  figure,  considering  that 
is  phase  of  highway  construction  adds  little  to  the  economic  value 
the  system.  The  railroads  are  generally  willing  to  spend  some- 
hat  more  than  their  claim  accounts  for  their  share  of  such  work. 
It  is  quite  generally  recognized  that,  from  a  practical  standpoint, 
is  desirable  to  collect  the  necessary  funds  from  both  railroads 
id  the  local  communities  with  some  state  aid.  Whatever  the 
ilroad  pays  is,  of  course,  finally  collected  from  the  community 
(text  continued  on  page  603.) 
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Recommended  Methods  of  Protection 

i.  Where  crossings  are  located  between  stations  and  trains  ai 
travelling  at  normal  speed  and  no  objectionable  delay  occurs  w 
recommend  good  type  automatic  signals. 

2.  Where  crossings  are  near  station  stops  or  yard  switching  c 
medium  traffic  highway  we  recommend  automatic  signals  suppli 
mented  by  part  or  full  time  flagmen. 

3.  Heavy  traffic  rail  and  highway  with  congestion  and  dela 
requires  eliminations: 

Danger  Index  Western  Mew  York  Condifions;thousands 


150 


7nnn0 25 50     

-firade Separation  Elirninah'ons^  (Con si  Co s+  ^100,000) 


<*   6000 

B 


T5-.-..I00 125 

I  M  I   <    I   I   I   J   I  I  I  I  I   I   I   I   I    J  I  I  I  I   I   1.1 
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200. 


7000 


-6000 
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4000 


1 
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2000 
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100  125  150  175. 

Danger  Index  Western  New  York  Conditions/Thousands 

Fig.  192. — Diagram  of  probable  total  average  yearly  cost  of  cro 
ings  for  different  volumes  of  traffic  protected  by  different  metho 

Note:  Total  cost  for  each  method  of  protection  includes  cost 
protection  plus  probable  accident  damage  figured  at  $15,000  for  eai  s 
serious  individual  injury.      Diagram  based  on  10  year  accident  d;    | 
on  200  crossings  considering  different  volumes  of  highway  and  n 
road  traffic,  visibility  and  physical  condition  of  approaches. 

Economic  Limits  for  Different   Methods  of  Protection 
No  protection — maximum  limit —  danger  index  4000 
ry      j  -i     fmin.  limit — danger  index  4000 

Good  automatic  signals  {  max>  limit_dai?ger  index  200,000 

0.        ,       .  ..  ,    1  „         fmin  limit — danger  index  15,00 

Signals   +  part  time  watchman  {  max_  limit_da5ger  index  /00>( 

,  ,   .  fmin.  limit — danger  index  30,000 

24  hour  watchmen  or  gates  (max  limit_daifger  index  160,000 

Grade  separation  elim. — Min.  limit  danger  index  40,000  to  ioo,( 

depending  on  const,  cost. 

From  a  practical  standpoint  the  minimum  limits  are  genera 

reduced  by  from  20  %  to  50  cc  below  these  figures  as  crossing  prot 

tion  cannot  be  considered  entirely,  from  a  business  point  of  view  b 

the  railroads  should  not  assume  the  added  cost  over  and  above  1 

(continued  at  bottom  of  page  603.) 
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rough  freights  and  rail  charges  of  all  kinds  and  beomes  a  general 
mmunity  charge.  If  the  amount  paid  by  the  railroad  for  these 
otective  measures  does  not  exceed  their  yearly  damage-claim 
lis  for  unprotected  conditions,  their  operation  charge  is  not 
creased  and  the  general  public  pays  no  special  extra  amount  for 
ch  protection.     If  the  amount  exceeds  the  damage-claim  account, 

eventually  becomes  a  general  community  charge.     The  direct 
x  for  public  funds  can  be  collected  as  a  general  tax  or  as  a  special 
micle  tax. 
The  railroads  are  benefited  by  protective  measures  in  proportion 

the  reduction  of  their  damage-claim  amounts.  The  highway 
er  is  directly  benefited  by  added  safety  of  travel  to  him  personally. 
he  community  at  large  derives  only  a  small  economic  benefit  from 
ch  work  unless  it  results  in  the  elimination  of  delay  on  heavily 
aveled  roads.  It  is  a  well-established  principle  that  both  rail- 
ads  and  the  public  should  cooperate  in  the  cost  and  operation  of 
•otective  measures  to  the  extent  to  which  they  are  directly 
mefited  and,  while  the  principle  is  rarely  adhered  to  exactly, 
is  desirable  to  hold  as  closely  to  it  as  practicable.     This  indicates, 

a  general  way,  that  public  funds  should  be  raised  by  vehicle 
xation  for  this  class  of  work,  but  should  probably  not  usually 
ceed  5%  of  the  total  highway  funds,  and  that  the  railroad  funds 
ould  probably  not  greatly  exceed  the  damage-claim  accounts. 
Following  the  general  principles  of  highway  finance  outlined  in 
tiap.  1  (p.  19),  all  expenditures  for  temporary  signals,  watchmen, 
c,  should  be  paid  from  current  yearly  funds,  while  the  more 
:rmanent  elimination  construction  may  well  be  financed  by  40- 
ar  serial  bonds. 

Sample  Report  for  a  Specific  General  Case. — To  illustrate  the 
actical  application  of  the  foregoing  discussion,  conditions  in 
ivision  4,  western  New  York  state  highway  system  will  be  cited, 
tie  figures  given  are  approximate  only,  but  are  sufficiently  accurate 

warrant  general  conclusions  for  quite  typical  conditions. 

923   Basic  Data,   Division  4,   New  York  State,  Railroad-crossing 

Program 

ea 4,500  sq.  miles 

pulation. 550,000 

sessed  valuation $600,000,000 

otor  registration 1 00,000 

ital  road  mileage  (rural.) 6,700 

ate  system  mileage  (proposed) 1,350  + 


Notes  for  Fig.  192  continued  from  page  602 

onomic  limit  for  the  method  of  protection  ordered  by  state  or 

.tional  governments. 

obable  number  of  serious  accidents  per  year 

=  danger  index    -5-  constant  "P" 
ilues  of  constant  P 

P    =  125,000  unprotected  crossings 
P    =  500,000  wigwag  or  flash  signals 
P    =  700,000  24  hour  watchmen  and  gates 
Note:  For   explanation  of  danger  index  see  text  of  report,  page 
3- 

Complied  by 

W.  G.  Harger,  1925 
Grade  Crossing  Eng. 
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Average  daily  volume  of  highway  traffic  per  mile  of  road  900 

Percentage  of  total  vehicle  miles  carried  by  state  system  40%  ± 

Replacement   value   of  finally   complete   state   system, 

pavements,  and  bridges $60,000,000  + 

Estimate  yearly  tax  budget  on  completion  of  system, 
including  maintenance,  renewal,  and  construction- 
bond  charges  (pavements  and  bridges) $4,000,000  + 

Total  number  of  railroad  crossings  on  state  system 
(steam  and  electric) 251 

Number  of  grade  separations  existing 44 

Number  of  grade  crossings  well  protected 57 

Number  of  grade  crossings  poor  or  no  protection 150 

Number  of  miles  of  state  road  per  crossing 5.4 

Total  average  number  of  trains  per  day  passing  all  grade 

crossings 6,000  + 

Total  average  number  of  highway  vehicles  per  day  pass- 
ing all  crossings .-•••.• 180,000  + 

Total  danger  index1   (average  daily  potential  risk)   at 

grade  crossings 4,000,000 

Number  of  serious  injuries  per  year  (10-year  average) .  .    20  + 

Estimated  damage,  including  personal-injury  claims  and 

minor  accident  damages $250,000  per  year 

Serious  injuries  per  100,000  population  per  year 3.6 

Daily  danger  index  for  single  crossings  representing 
probability  of  one  serious  accident  per  year  (based  on 
1  o-year  period,  fairly  good  data): 

a.  Unprotected  or  poorly  protected  crossings 150,000 

b.  Well-protected  (watchmen  or  signals) 700,000 

c.  Stop  orders,  electric  cars No  accidents 

occurred 

d.  Average  all  grade  crossings  in  division 200,000 

"The  following  data  has  been  kept  for  a  short  time  and  on  only  a  fi 
signals,  and  must  be  used  with  caution: 

e.  Wigwag  automatic  signals 500,000 

/.   Banjo  semiphore  signals 250,000 

"This  indicates  that  signals  and  watchmen  decrease  danger  from  50  to  71 
over  unprotected  conditions  and  that  stop  orders  on  electric  interurbans  : 
effective  in  reducing  danger.  It  also  shows  that,  to  be  most  effective, 
automatic  signal  should  be  of  the  oscillating  or  intermittent-flash  type 
catch  the  eye  readliy.  During  1926,  grade-crossing  accidents  were  only  70 
of  the  1924-1925  rates,  due  to  the  installation  of  37  automatic  signals  in  19 
and  1926  at  the  most  dangerous  unprotected  crossings. 

"The  local  engineers  recommended  the  following  program  for  this  distr 
as  a  reasonable  solution,  for  1923  conditions  considering  the  conditio 
tabulated  and  the  general  principles  of  protection  and  financing  previous 
outlined." 

"Summarized  Conclusions  and  Recommendations,  Division  4. — It  is  n 
likely  that  it  will  be  possible  to  obtain  more  than  $100,000  to  $150,000  p 
year  for  the  state's  and  counties'  share  of  work  to  reduce  danger  at  gra 
crossings  on  the  state  road  system  in  this  division.  After  a  careful  study 
conditions  in  the  division  and  discussions  with  county  officials  and  automob 
owners  we  recommend  the  following  program  as  being  an  effective  way 
reduce  danger  with  the  funds  at  our  disposal. 

"1.  The  immediate  installation  of  a  uniform  type  of  automatic  audit 
and  visible  signal,  preferably  of  the  flash  type  (supplemented  by  watchm 
in  the  villages),  at  all  unprotected  crossings  on  steam  railroads,  and  eith 
signals  or  stop  orders  on  electric  interurban  roads.  This  work  will  cc 
about  $200,000  and  should  be  completed  in  1925-1926.  This  work  can 
expedited  by  a  modification  in  the  railroad  law  to  permit  state  cooperati> 
in  the  cost  of  installation  of  such  signals  at  state  road  crossings.  It  is  certa 
that  this  work  will  result  in  more  total  reduction  in  danger  to  careful  mote 
ists  than  any  other  method  of  expending  the  first  $200,000.  This  part 
the  program  also  includes  bringing  the  physical  highway  conditions  at  t 
crossing  and  on  the  approaches  up  to  the  requirements  of  the  Standa 
Specifications  for  grade  crossings  given  on  page  609. 

"2.  A  10-year  program  for  the  elimination  of  about  50  of  the  most  dange 
ous  grade  crossings  in  the  division  estimated  to  cost  $5,000,000  financed  1 
40-year  serial  bonds.     The  yearly  budget  for  their  retirement  to  be  finano 

1  Note. — For  derivation  of  danger  index  see  page  623. 
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Dy  motor-vehicle  taxation  for  the  state  and  county  share  of  cost  (50^)  and 
ailroad  funds  for  the  railroad  share  (50fo).  The  state  and  county  yearly 
budget  for  this  work  in  this  division  will  amount  to  about  $125,000  yearly. 

"3.  The  retention  of  signal  protection  at  the  relatively  imimportant 
rossings  until  future  necessity  requires  their  elimination  at  an  estimated 
ost  of  about  Si 5,000,000. 

"Note. — Existing  eliminations,  watchmen,  signals,  etc.,  have  already 
liminated  at  least  40%  of  the  danger  on  the  state  highways  in  this  division 
steam  and  electric  railroads). 

"It  is  estimated  that  the  remaining  existing  danger  in  the  division  at 
;rade  crossings  will  be  reduced  at  least  50^  for  careful  drivers  by  the  expen- 
liture  of  the  first  $200,000  for  signals  and  that  at  least  00%  of  danger  over 
he  division  as  a  whole  will  be  eliminated  on  the  completion  of  the  50  most 
mportant  grade-separation  projects  with  the  balance  of  the  crossings 
•rotected  by  automatic  signals  or  watchmen. 

{Signed) 

W.  G.  Harger. 
Grade  Crossing  Engineer." 

Sample  Report  for  a  Specific  Individual  Crossing. — In  order  to 
nake  a  reasonable  analysis  and  arrive  at  any  rational  conclusion  in 
egard  to  the  best  method  of  protection  for  any  specific  case  con- 
idering  existing  danger  and  funds  available,  it  is  necessary  to  con- 
ider  probability  of  danger  (see  p.  623),  probable  yearly  damage 
laims  (see  p.  602),  and  the  relative  effectiveness  and  cost  of  differ- 
nt  methods  of  protection  (see  p.  602).  A  sample  report  follows 
lustra  ting  the  practical  application  of  the  data  referred  to. 

"Report  ox  Crossing  8,  Division  4,  New  York  State  Highway 

Department 

'ounty  of  Monroe,  Division  4 
[ighway  62,  P.  S.  Case 

ame  of  crossing,  West  Henrietta  Road 

ame  of  highway,  West  Henrietta-Rochester 
Tame  of  railroad,  Lehigh  Valley 
ranch,  Rochester  to  Rochester  Junction 
'own  of  Henrietta 
lumber  of  tracks,  1 
ype  of  ballast,  Gravel 
Teight  of  rail,  85  lb. 
lignment  of  railroad,  tangent 
pproximate  railroad  grade,  level 
ny  contemplated  railroad  improvement,  none 
umber  of  passenger  trains  daily,  12 
peed  of  passenger  trains,  40  m.p.h. 
umber  of  freight  trains,  4 
peed  of  freights,  20  m.p.h. 
rotection  at  crossing,  none 
ngle  between  center-line  road  and  track,  580 
ighway  pavement,  bituminous  macadam  16'  wide, 
avement  between  rails,  bituminous  macadam  20'  wide 
ighway  approach  grades,  1.22%  north,  1.5%  south 
!-hr.  highway  traffic  count  (August),  2,500 
stimated  average  daily  24  hr.  (year  round),  2,200 
isibility  of  approaching  trains: 

Poor  in  two  directions 

Good  in  two  directions 

:cident  record,  four  accidents  in  10  years,  resulting  in  four  deaths  and  two 

serious  injuries. 

obable  yearly  damage  claims,  average,  $9,000  + 

ost  feasible  type  of  elimination,  overhead  highway, 
^timated  cost  of  elimination,  $110,000 

ost  feasible  method  of  temporary  protection,  automatic  signals 

"Recommendations. — We  recommend  the  immediate  installation  of  auto- 

atic  signals  at  this  crossing  and  its  elimination  as  soon  as  funds  become 
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available.  We  recommend  that  the  pavement  between  the  tracks  be 
widened  to  30'  and  that  the  approach  pavement  be  widened  to  24'.  While 
an  elimination  is  undoubtedly  justified,  funds  are  not  at  present  available 
and  the  signals  will  pay  for  themselves  in  a  very  short  time  and  reduce  danger 
at  least  60%.     These  recommendations  are  based  on  the  following  data: 

"Danger  Index. 

"Highway  traffic  factor 2,200 

Visibility  factor 1.2 

Approach  factor 1 . 0 

Train  factor 15 

"Danger  index  in  1923  =  2,200  X  15  X  1.2  =  39,600,  say,  40,000 

Estimated  index  10-year  period  48,000,  allowing  for  increase  in  volume. 

"  Probability  of  accident  over  next  10-year  period  for  different  methods  of 

protection. 

tt  ^   j    48,000  .  .  , 

Unprotected =  0.4  serious  accidents  per  year. 

125,000 

.    .         ...       .     48,000 

Automatic  signals  =0.1  serious  accidents  per  year. 

500,000 
.  .   ,  48,000 

24-hr.  watchmen  =  0.07  serious  accidents  per  year. 

700,000 

Elimination  =  no  accidents. 

"Probability  of  yearly  claim  bill  for  different  methods  of  protection, 
allowing  $15,000  per  serious  injury. 

Unprotected $6000 

Automatic  signals 1500 

24-hr.  watchmen 1000 

Elimination None 

The  yearly  cost  of  automatic  signals  is  about $    400  ± 

Watchmen 3000  ± 

Elimination 6500  ± 

"The  use  of  signals  will  probably  reduce  danger  about  70%  and  result 
in  a  net  saving  at  this  crossing  of  about  $4000  per  year.  Watchmen  will 
result  in  a  net  saving  of  about  $2000  per  year.  Elimination  will  cost  about 
the  same  as  at  present,  but  eliminates  danger  and  delay.  This  crossing  is 
number  11  in  order  of  importance  in  Division  4  for  elimination  construction, 
and  is  number  2  in  order  of  importance  of  the  Lehigh  Valley  crossings. 

(Signed) 
Grade  Crossing  Engineer." 

Causes  of  Accidents  and  Protective  Measures. — A  large  percent- 
age of  the  accidents,  probably  at  least  50%,  are  caused  by  reckless 
driving,  and  no  system  of  signs  or  signals  will  entirely  eliminate 
such  injuries  (see  Accident  Causes,  Chap.  I,  p.  33). 

Accidents  not  directly  attributable  to  recklessness  are  usually 
due  to  the  following  conditions  and  can  be  remedied  at  a  small 
cost. 

1.  Motorists  do  not  realize  that  they  are  approaching  a  crossing. 
This  danger  is  reduced  by  proper  approach  warning  signs  (Fig. 
196),  pavement  markings  (Fig.  198),  and  standard  crossing  signs 
(Fig.  199).  m 

2.  Motorists  do  not  realize  that  trains  are  approaching  the 
crossing.  This  danger  is  reduced  by  automatic  signals  or  watchmen 
and  gates  (Figs.  200  to  202).  As  a  considerable  percentage  (15  to 
20%)  of  collisions  are  due  to  automobiles  running  into  the  sides  of 
freights  trains  at  night,  during  rain  or  snow  storms,  it  is  necessary 
that  signals  or  gates  be  placed  on  both  sides  of  the  tracks  at  the 
crossing.  Accident  records  show  the  undesirability  of  central 
obstructions  of  all  kinds  on  narrow  rural  highways,  which  makes  it 
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desirable  to  locate  the  signal  standards  outside  of  the  pavement 
area  (see  Fig.  193).  In  a  similar  manner  gates  should  be  located 
far  enough  back  from  rails  to  permit  a  standing  automobile  between 
gates  and  track  in  case  a  car  gets  caught  inside  of  the  lowered  gates. 
View  of  approaching  trains  can  often  be  materially  bettered  by 
cutting  trees,  moving  buildings  and  any  other  obstruction  to  view 
along  the  tracks.     For  a  discussion  of  visibility  see  page  624. 
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3.  Motorists  get  one  wheel  of  their  car  off  the  pavement  proper 
nd  hit  the  railroad  track,  which  results  in  stalling  the  engine  or 
liverting  the  machine  from  the  roadway  along  the  track  or  into  a 
litch.  This  can  be  remedied  by  making  the  planking  or  pavement 
>etween  the  rails  wider  than  the  approach  pavement  (see  Fig.  195). 
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4.  Cars  often  stall  on  the  tracks  due  to  inexperience  and  nervous 
ness  of  drivers  in  applying  power  over  a  rough  crossing.  Th< 
remedy  for  this  condition  is  to  make  the  crossing  smooth  and  keej 
the  rails  in  the  same  plane,  so  that  cars  will  be  kept  in  motion  witl 


-^  o 
t*  >> 

O  CO 

.  —      ,i-     *, 
CO       +5 

Vh     £    O 

o    £*« 
d  "3  2 

O     co     . 
>>  X  60 

cs    +->  • " 

at  r 
.5     •- 

"to     '—    «- 

to    o  r* 
o  «*-<  ;> 

o 

^^ 

ro     co  co 
&    g  g 

cj    O.  co 


O      CO 


CO 


o 

S.2 


.■a  w'o 

0  73 '« 

£        G     CO 

O     60  to 

•a  ^ 


CO      CO 

M 


j.0  >/ooq^ST>ruBt^ 


O  > 


co    -^  co 

0  CO    CO 

O.    O^* 

>,-«  u 

C-i  .— 1  o 

I   2fo 

1  -eJ 

3 


£  2 


a  minimum  of  power.  Where  more  than  one  track  is  crossed,  tr 
rails  should  all  be  at  the  same  elevation  on  railroad  tangents,  an 
on  curves  the  railroad  track  superelevation  work  on  adjacent  tract 
should  be  sufficiently  close  to  the  same  plane  to  eliminate  noticeab 
bumps. 
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5.  Trains  are  derailed  by  collisions  with  motor  vehicles  resulting 
n  injury  to  passengers  or  train  hands.  This  type  of  accident 
ccounts  for  1%  of  injury  and  death  at  crossings  according  to 
nterstate  Commerce  Commission  1925  Statistics. 

The  Hoover  National  Committee  on  Highway  Safety  states,  as 

basic  principle  of  grade-crossing  protection,  that  ease  of  motor 
peration  is  essential  and  that  artificial  obstructions,  bumps,  or 
Dgs  in  line  of  travel  should  be  avoided  on  the  score  that  they  have 
roved  to  be  ineffective  in  reducing  speed  and  derailment  accidents, 
nd  that  they  distract  the  driver's  attention,  which  should  be 
)cused  on  looking  for  approaching  trains. 

General  specifications  for  satisfactory  grade  crossings  follow  and 
re  illustrated  by  Fig.  193  and  194. 

SPECIFICATIONS   FOR   RAILROAD    GRADE   CROSSINGS 

"Signs  and  Signals. — Uniform  type  of  reliable  audible  and  visible  signals 
cated  not  more  than  15'  from  track,  and  about  4'  outside  of  the  pavement 
ea  on  the  right-hand  side  of  traffic;  height  of  signal  to  be  adjusted  for  local 
nditions  and  type  of  signal.  Two  signals  to  be  erected,  one  on  each  side  of 
ossing;  these  signals  to  be  supplemented  by  watchmen  for  at  least  12  hr. 

villages  and  for  at  least  16  hr.  daily  on  roads  carrying  over  3000  vehicles 
fly,  where  switching  or  station  stops  occur  close  to  the  crossing.  The 
sible  part  of  such  signals  to  be  of  an  oscillating  or  intermittent-flash  type. 
.1  signals  to  be  equipped  with  an  automatic  "Out  of  Order"  sign  properly 
uminated  if  anything  goes  wrong  with  the  mechanism. 
"Standard  crossing  signs  to  be  located  on  signal  standard  and  illuminated 

night  by  a  steady  hooded  light  to  prevent  glare  into  eyes  of  approaching 
ivers. 

"Standard  disc  warning  approach  sign  300'  from  crossing  outside  of  pave- 
snt  area  on  right-hand  side  of  traffic  line  (not  more  than  3^5  nor  less  than 
above  grade  of  highway. 
"Standard  pavement  markings. 

"Special  checkerboard  warning  sign  500'  from  crossing  if  conditions 
irrant  this  extra  sign. 

"Highway  traffic  Stop  Order  signs  within  50'  of  rail  enforced  by  police 
itulations  for  exceptional  cases. 

'Pavement  Width. — At  least  6'  wider  between  rails  than  on  approaches. 
;  least  20'  for  50'  each  side  of  rails. 

"Highway  Alignment. — Straight  alignment  at  crossing  and  for  at  least 
'  each  side  of  crossing.  • 

"Minimum  radius  of  curvature  on  approaches  500'. 

inimum  acute  angle  between  road  and  track  center  line  preferably  not  less 
an  60  degrees. 

"Highway  Grades.— -Maximum  of  3  %  for  75'  each  side  of  crossing. 
"Maximum    downhill    approach    grade,    6%    with    200'    vertical-curve 
proach  or  7  %  with  300'  vertical  approach. 

'Maximum  upgrade  approach,  8  %  with  200'  vertical-curve  approach. 
"Sight  Distance  along  Highway. — Three  hundred  feet  minimum. 
"Railroad  Track. — Where  tracks  are  on  tangent,  all  rails  to  be  at  same 
vations.     Where  more  than  one  track  exists  and  the  rails  are  superelevated 

curvature  the  track  elevations  must  be  adjusted  so  that  no  severe  bumps 
:ur,  which  would  tend  to  stall  an  automobile  engine  in  high  gear  at  low 
;ed  (or  the  top  of  rails  should  be  in  as  near  the  same  plane  as  possible). 

'See  Fig.  193  for  typical  grade-crossing  approach." 

Pavement  or  Planking  between  Rails. — The  pavement  between 
I  e  rails  of  the  track  must  be  wide  enough  to  prevent  the  wheels  of 
in  2jhway  vehicles  from  running  off  the  edge  and  striking  the  rail, 
ct  th  resultant  stalling  of  the  vehicle  or  its  diversion  from  its  nor- 
ib  il  line  of  travel  along  the  highway.     This  is  particularly  impor- 

it  on  skew-angle  crossings. 
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Where  the  approach  pavement  is  a  curbed  street,  2'  addition; 
width  outside  of  the  curb  on  each  side  for  the  pavement  or  plan! 
ing  between  rails  should  be  sufficient.  On  rural  highways  wit 
earth  shoulders,  the  rail  planking  should  be  made  wider  than  tt 
outside  limits  of  the  earth  shoulder  on  which  it  is  safe  to  driv 
On  a  well-traveled  improved  state  road  this  usually  requires 
to  30'  width  at  right  angles  to  the  road  center  line. 


rEdge  of  Driveway 
^  y  Shoulder 


Fig.   195. — Planking  between  rails  at  crossing. 

Well-kept  planking  or  rails  makes  the  most  satisfactory  crossin 
but  a  cold-patch  bituminous  pavement  carefully  maintained  serv 
well  if  it  has  a  firm,  solid,  grooved  header  along  the  rail  gage  whit 
can  be  easily  obtained  by  the  utilization  of  old  rails  as  per  sketc 
It  is  important  that  the  paving  between  rails  be  a  straight  pla: 
between  top  of  rails.  It  is  a  common  fault  to  curve  it  up,  whi< 
makes  a  bad  bump. 
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Fig.  195A. — Ordinary  cold  patch  pavement  between  rails  wi 
rail  gruved  header.  Satisfactory  if  surface  of  cold  patch  is  kept 
a  smooth  level  plane  between  rails. 

Types  of  Signs  and  Signals.    Approach  Warning  Signs. — Ai 

well-placed  legible  sign  of  distinctive  and  uniform  shape  and  legen 
so  that  it  readily  catches  the  eye,  and  its  shape  as  well  as  the  legei 
indicates  railroad  crossing,  will  serve  the  purpose.  Nation 
uniformity  in  regard  to  shape,  legend,  and  location  is  desirable. 

These  signs  are  usually  placed  about  300'  away  from  the  tra< 
and  are  located  on  the  right-hand  side  of  the  pavement  at  an  el 
vation  easily  picked  up  by  the  eye  and  lighted  at  night  by  the  usu 
car  headlight  2  to  3  ft.  above  the  ground.     See  also  page  687. 

Figure  196  shows  two  popular  types;  the  disc  type,  and  tl 
checkerboard  type.  Figure  197  shows  the  usual  location  of  su» 
signs,  which  is  4'  off  the  pavement  edge  on  rural  roads  and  as  clo 


to  the  curb  as  possible  without  an  overhang  of  the  sign  into  the 
street  on  curbed  city  or  village  streets.  The  sign  is  usually  set 
at  an  angle  of  about  150  to  improve  visibility  as  the  driver  nears  it. 
These  signs  cost  about  $10  apiece  to  install,  and  have  a  maintenance 
and  renewal  charge  of  about  $2  per  year. 

Pavement  Markings.— Pavement  approach  warning  markings 
are  intended  as  an  additional  safeguard,  particularly  at  night,  in 
case  the  driver  fails  to  see  the  approach  warning  signs  at  the  side 
of  the  road.  Various  legends  and  systems  of  stripes  are  used.  Fig- 
ure 198  shows  a  useful  design  which  serves  traffic  well.  National 
uniformity  is  desirable. 
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Leave  Groove  for 
Wheel  Flange  — ..^ 

oikes  assM 


First  Inside Palls  to be bolted 'to Main Rails    6P*£%be tween  Rails  to  be  filed 

i      e •        ,„  ,,     ,      ,  ,t   ,  ;      with  Concrete  or  Cold  Parch 

\    Spacing of  Bolts about 6 c.foc      /       \ 


of  Road • 


Notches  to  be  cut  in  Flange  of 1st.  Inside^ 
Rail  so  that- it  fits  around  Spike  in  Main  Rail 
SECTION  AL0W6  ROAD  CENT.ER  LINE 


Rresen  t 
Concrete 
Pavement 


TWoSpikeSj  one  lapping  over  each  Flange^ 


Main  Rails  shown  blade. 
Railroad  Tie  cross  hatched. 


NOTE'.  Four  Rails  should 
belayed  outside  of 
each  Main  Rail 
Approximate  lengihs 
of  Secondary  Rails  30  ft 

Rails  used  for  the 
construction  of  Cross 
Over  are  Scrap  Rails 


NOTE:  The  spacing  of  the  Rails  layed  between 
the  Main  Rails  is  go  verned  by  the  size  of  Rail  used. 

The  Secondary  Rails  used  must  always  be  of  the 
same  size  as  ihe  Main  Rails 

OETAILSECTION  OF  SPIKES 
^ig.    1955. — A  very  excellent  type  of  crossover  using  old  rails  sur- 
rounded with  either  cold  patch  or  cement  concrete. 

These  markings  are  made  with  the  usual  pavement-marking 
aint.  On  the  usual  road,  one  application  a  season  will  be  enough. 
)n  heavy-traffic  roads,  two  to  three  applications  are  required. 

The  average  cost  for  paint  and  labor  per  year  per  crossing  is 
bout  $15  (1925  cost  conditions). 

Standard  Crossing  Signs. — Standard  crossing  signs  vary  for 
ifferent  railroads  and  different  localities.  The  eastern  states  favor 
le  cross  or  diamond  sign  and  some  localities  favor  the  circular 
gn.     National  uniformity  is  desirable  and  should  be  arranged. 

The  essential  features  of  these  signs  should  be  large  size,  good 
^cation  outside  of  the  pavement  area,  and  the  use  of  two  signs  one 
1  each  side  of  the  track  as  noted  under  the  second  cause  of  accident 
1  page  606. 

If  automatic  signals  are  used  at  the  crossing,  the  standard  cross- 
g  sign  should  be  located  on  the  same  standard  as  the  signal  in 
:der  not  to  distract  the  driver's  attention  from  the  signal  opera- 
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tion  by  two  separate  signs  in  different  locations.  All  standard 
crossing  signs  should  be  illuminated  at  night  by  a  steady  hooded 
white  or  yellow  light  which  does  not  throw  a  glare  into  the  eyes  of 
approaching  drivers. 


'///■W/A'Vj'-  ■  V/V-i  1/A\i  w> 

SPECIAL    DANGER   SIGNS 


o 

7 
V 

4'-Q- 


.--->«< 


Fig.   196. — Typical  approach  warning  signs. 


Away  from 
Crossing 


Road  Pavement- 


■>T 


~Y± 


Direction  of 
~5* 'Travel  to  Crossing 


Approach  Warning  Sign  300'- from  Crossing 
set  low  enough  so  headlights 
pick  it  up  at  night 

Fig.   197. — Location  of  approach  warning  signs. 


Automatic  Signals  and  Watchmen.  Limitations  of  Use. — Autc 
matic  signals  are  primarily  suited  for  the  protection  of  crossing 
located  between  railroad  station  stops  where  trains  are  travelin 
at  normal  schedule  speed.  Under  these  conditions  the  signa 
warning  has  a  short  duration  and  always  means  that  danger  \k 
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actually  imminent,  and  under  these  conditions  traffic  respects  the 
signal  and  gives  it  due  consideration.  Where  automatic  signals 
are  used-  near  station  stops,  or  where  yard  or  siding  tracks  are  used 
for  considerable  switching,  the  signal  indicates  danger  for  long 
periods  when  no  danger  actually  exists.  This  tends  to  discredit 
the  warning  with  the  traveling  public  and  they  give  it  little  atten- 
tion, which  reduces  the  effectiveness  of  the  signal  not  only  at  the 
crossing  in  question  but  tends  to  discredit  similar  signals  in  proper 
locations.     For  such  locations  the  automatic  signal  should  be  supple- 


12" White  Stripe 
12"  White  Stripe 


I8"white  Stripe 


White  Stripes  I2'wide^ 
on  2  ft.  spacing  to  be " 
painted  diagonally 
across  Pavement 


Markings  to  be  on 
both  sides  of  Crossing 

Where  Crossing  is  on  a 
skew,  Markings  to  be 
painted  parallel 
to  Tracks 


\12  White&ripe 
\~S'-0° 

I2"white  Stripe 

Pig.  198. — Pavement  markings  at  railroad  crossings.     (N.  Y.  State, 

1926.) 


nented  by  flagmen  during  the  portion  of  the  day  when  the  signal 
jperation  is  made  indefinite  by  long  stops  or  switching. 
_  Watchmen  are  particularly  suited  for  use  on  heavily  traveled 
lighways  where  railroad  trains  either  stop,  switch,  or  shift  continu- 
ously across  the  highway.  The  watchman  can  use  judgment  in 
noving  traffic,  and  can  safely  speed  up  the  movement  of  crossing 
I  raffic  which  reduces  needless  delay  nuisance. 

Conditions  governing  the  proper  use  of  signals  or  watchmen  may 
)e  summarized  as  follows: 
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Condition 
Crossing     between    stops    with 

trains     traveling    at    normal 

schedule  speeds. 
Crossings    near    stations    where 

stops  or  shifting  occur  for  a 

large  part  of  the  time. 


Recommended  Method 
Automatic  signals. 


Automatic  signals,  supple- 
mented by  watchman  part 
time  or  full  time,  depending 
on  stop  and  switching  sched- 
ule and  volume  of  highway 
traffic. 


Heavy  Black  lefferi\^M 
on  White  Background.  \f^. 
Both  Sides  of  Sign 
Lettered 'Alike 


Cobble  ~- 
Base 


'WsV/^' 


PlG.    199. — Standard    diamond    railroad    crossing    sign. 
Rochester  and  Pittsburg  Ry. 


Buffalo- 


Reliability  of  Protective  Devices. — Mechanical  devices  have  been 
perfected  so  that  they  are  very  reliable.  All  approved  installations 
also  automatically  fall  into  the  danger  position  if  anything  goes 
wrong  with  the  circuits  or  mechanism. 


FAILURE  OF  PROTECTION  615 

Watchmen  are  subject  to  the  human  element  of  failure  due  to 
sickness  or  inattention.  On  heavily  traveled  crossings  it  has  been 
found  desirable  to  supplement  the  watchman  with,  automatic  sig- 
nals to  provide  against  this  contingency.  Under  these  conditions 
the  automatic  signal  generally  has  a  bell  attachment  to  act  as  signal 
to  the  watchman  as  well  as  to  the  public. 

Causes  of  Failure  in  Effectiveness  of  Protective  Measures. — 
A  common  cause  of  accident  is  a  wilful  disregard  of  the  warning 
on  the  part  of  the  highway  user,  and  there  is  no  means  of  correcting 
this  abuse  except  by  police  control. 

The  other  causes  are  failure  of  signal  or  watchman  to  prevent 
accidents  chargeable  to  failure  of  signal  to  function,  too  short  a 
warning  period,  failure  of  driver  to  see  or  hear  signal,  failure  of 
driver  to  understand  signal,  collision  of  road  vehicle  with  signal 
posts  or  gates,  and  failure  of  signal  to  function  due  to  unusual 
direction  of  train  movements. 

Failure  of  signal  or  watchman  to  function  is  a  rare  occurrence 
but  does  happen  due  to  mechanical  or  human  uncertainties.  On 
heavy-traffic  crossings,  this  can  be  overcome  by  the  use  of  both 
automatic  signals  and  watchmen,  thus  reducing  the  probability  of 
failure  to  a  very  rare  occurrence.  Too  short  a  warning  period  can 
be  remedied  by  longer  track  circuits,  giving  about  25-sec.  warn- 
ing for  the  fastest  trains  on  the  line. 

Failure  of  driver  to  understand  signal  is  rare  but  occurs  with 
sufficient  regularity  to  warrant  protection.  It  is  largely  due  to 
non-uniformity  of  signal  signs  or  lights,  and  a  conflict  between  city 
street  signals  and  rural  railway-crossing  signals.  Gates  or  the  oscil- 
lating disc  and  light  signals  are  easily  understood.  The  intermittent 
flashing  light  is  sometimes  confused  with  city  isle-of-safety  lights. 
It  is  suggested  that  the  intermittent  flashing  red  light  be  used  only 
at  railroad  crossings  to  indicate  imminent  danger  and  that  all  isle- 
of-safety  lights  be  steady  yellow. 

Failure  to  hear  or  see  signal  is  due  to  type  and  location.  Bell 
or  hearing  protection  is  obsolete,  except  as  a  minor  adjunct,  as 
motor  traffic  with  closed  cars  and  high  speed  gets  little  benefit 
from  sound  warning.  The  eye  of  a  driver  is  more  easily  caught 
by  a  swinging  disc  or  light  or  by  an  intermittent  flash  than  by  a 
steady  light  or  steady  semiphore  arm  in  a  danger  position.  The 
location  of  lights  or  oscillating  discs  must  be  well  within  the  normal 
field  of  vision  of  the  driver,  which  means  as  low  as  practicable  with- 
out being  obscured  by  rigs  ahead  of  the  driver,  and  as  near  the 
center  of  field  of  view  as  possible  without  causing  an  obstruction 
to  the  line  of  travel.  These  facts  indicate  that  the  most  effective 
types  of  signal  are  the  oscillating  or  intermittent-flash  type  supple- 
mented by  a  bell  attachment  (see  p.  618)  located  not  more  than  4' 
off  the  edge  of  the  pavement  for  rural  conditions,  the  standards  and 
crossing  signs  to  be  large  enough  and  so  painted  that  they  catch 
the  eye  easily,  the  lights  or  swinging  discs  to  be  as  low  as  practi- 
cable (see  Fig.  201  and  202). 

Collision  between  vehicles  and  stationary  obstructions  is  quite 
frequent  (see  p.  35).     Accident  records  in  regard  to  central  obstruc- 
tions indicate  the  necessity  of  locating  signal  standards  outside  of 
(text  continued  on  page  620.) 
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Table  113. — Speed  axd  Distance  Table1 
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1  Weiss,   "Practical   Railroad   Maintenance,"    McGraw-Hill   Book   Com- 
pany, Inc. 
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All  Iron  Work,  Wood  Work 
io  be  painted  black  excep  / 
Face  of  Signal 'Case 'and inside 
of  Signal  Case  to  be  painted 
White.  No  paint  to  be 
applied  to  Back  Glass 


"3W *1 


Fig.   200. — Banjo  semiphore  type  of  signal.      (Lehigh  Valley  Ry. 

1924.) 
Note:  This  type  of  signal  does  not  catch  the  eye  so  readily  as  the 
swinging  disk  or  the  automatic  flash  types  and  also  12  ft.  is  too  high 
for  easy  vision  particularly  if  auto  has  a  sun  hood. 
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■ ! l"x  3'-  0"  HOOK  BOLTS 


JUL 
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FlG.   201. — Highway   signal.      Oscillating  disk  and  light.      (Unior 
Switch  &  Signal  Co.  Catalogue.) 
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Top  ofPipe^  Qyj, 


NRJ 


-.  Letter&S  "high  -Black  on  White  background 
Stroke  on  each  letter-l"wide 


* ''/2 'Border-black 


**, 


Wot  less  than  13 -6" 


f-  Red  Lens  83/QD/am.  -Hooded 


of  Signal  at  right  angle  to  Highway 
lers  and  Lights  to  face  Highway  Traffic 


ti 


II 


!<_  _  MotJeJsthanltJq^ 

1 
Y    Top  of  Pavement- 


This  Side  of  foundation 
parallel  w/fh  center  line 
of  Highway 


^    ^~J    U    LJ    LJ    I — I 


Fig.  202A . — Good  typical  design  double  flash  signal  for  location 
at  side  of  pavement  rural  highway  crossings.  (Buffalo-Rochester 
&  Pittsburg  Ry.,  1926.) 
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the  pavement  area  on  rural  highways.  There  is  no  question  but 
what  an  automatic  signal  is  more  readily  seen  in  the  center  of  a 
road  or  street  when  it  is  actually  flashing,  but  at  night  in  rain  or 
snow  storms  this  location  constitutes  a  positive  menance  when 
the  lights  are  out  and  is  the  cause  of  enough  accidents  to  nullify 
the  visibility  advantage  of  such  a  location.  As  a  matter  of  fact, 
no  cases  are  known  in  Division  4,  western  New  York,  where  drivers 
failed  to  see  the  signals  located  on  the  side  of  the  pavement.  The 
central  location  also  requires  steady  illumination,  which  is  a  bad 


Letters  and  Border  Black 
Background  White 


Lamp  Cases  and 
Supports  painted  Black 


Pole  painted  with  I  ft.  diagonaj 
r«     stripes ■(4SVJa/ternate 
Black  and  White  as  shown 


111  mil 

/III  Mil 


Alternate  Black 

and  White  9-in.  squares 

in  Base  as  shown. 


Double  intermittent  flash  signal  with  island  base 
center  of  streets.      (Lehigh  Valley  Ry.   Standards 


Fig.  2025  — 
for  location  in 
1925O 

Note:   Good  design  except  that  steady  pilot  lights  are  not  shown. 


feature  during  rain  storms,  as  it  blinds  the  eyes.  The  central 
location  also  adds  about  $1500  to  $2000  to  the  cost  of  the  installa- 
tion for  additional  pavement  approach  widening.  On  wide  village 
or  city  streets  the  central  location  is  desirable,  provided  the  stand- 
ard carries  steady  warning  lights  as  well  as  the  flashers. 

All  automatic  signals  should  be  wired  to  take  care  of  unexpected 
train  movements  in  reverse  direction  to  normal  movement.  This 
generally  adds  from  $125  to  $200  per  installation  on  double-track 
roads,  although  in  some  cases  it  may  add  as  much  as  $1000. 
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Types  of  Signals. — Bell  signals  alone  are  obsolete. 

Plain,  steady  position  semiphores  (banjo  type,  Fig.  200)  are 
fairly  effective  (see  p.  617),  but  are  going  out  of  use  in  favor  of 
the  oscillating  or  intermittent-flash  type. 

Figure  201  shows  a  typical  oscillating  disc  and  light  signal 
with  bell  attachment.  These  signals  cost  about  $1300  to  install 
per  single  signal,  or  about  $2200  for  two  signals.  Two  signals 
should  be  erected  at  each  crossing.  The  yearly  maintenance  is 
about  $100  per  year  per  signal.  The  signals  are  very  effective 
(see  p.  618). 

Figure  202  shows  a  typical  double  horizontal  intermittent-flash 
type  of  signal.  These  signals  cost  about  $1500  for  the  erection 
of  two  signals  (one  on  each  side  of  track)  on  single-  or  double-track 
steam  railroads,  and  about  $2500  on  electric  railroads.  The  yearly 
maintenance  is  about  $100  per  year  on  steam  roads  and  about  $20 
per  year  on  electric  roads.  Where  two  or  more  highways  intersect 
at  the  crossing,  extra  sets  of  lights  should  be  provided  facing  each 
approach  road.  These  signals  are  very  effective  and  are  the  cheap- 
est acceptable  type  to  install  and  operate. 

Specifications  for  these  types  of  signal,  covering  all  mechanical 
details  of  wiring,  light  intensity,  lenses,  and  rapidity  of  flash  or 
swing  can  be  obtained  from  the  American  Railway  Association, 
Signal  Section,  New  York  City.     The  essentials  are  as  follows: 

CODE  PROPOSED  BY  SECTIONAL  COMMITTEE  OF  THE  AMERICAN 
ENGINEERING  STANDARDS  COMMITTEE 

Section  4.  Signals  at  Railroad  Grade  Crossings 

"Rule  40.  Aspect. — An  electrically  or  mechanically  operated  signal  used 
"or  the  protection  of  highway  traffic  at  railroad  crossings  shall  present  toward 
the  highway  when  indicating  the  approach  of  a  train  the  appearance  of  a 
horizontally  swinging  red  light  and  (or)  disc. 

"Note. — This  covers  the  use  of  so-called  wigwags  and  of  alternately 
lashing  red  lights,  and  the  use  of  these  devices  should  be  restricted  to  the 
purpose  of  indicating  the  approach  of  a  train. 

_  "Rule  41.   Location. — The  railroad  standard  highway  crossing  sign  and  the 
signal  shall  be  mounted  on  the  same  post. 

"Rule  42.  Operating  Time. — Automatic  signal  devices  for  indicating  the 
ipproach  of  trains  shall  be  so  arranged  as  to  indicate  for  not  less  than  20 
;ec.  before  the  arrival  at  the  crossing  of  the  fastest  train  operated  on  the 
.rack.  Local  conditions,  such  as  three  or  more  tracks,  bad  approaches,  etc., 
ihould  be  allowed  for  by  increasing  the  operating  time,  bearing  in  mind  that 
.00  long  an  operation  by  slow  trains  is  undesirable. 

"Rule  43.  Flashing-light  Type.1  a.  Height. — The  lamps  should  preferably 
>e  not  less  than  6'  nor  more  than  9'  above  the  surface  of  the  highway. 

"b.   Width. — The  two  lamps  shall  be  mounted  horizontally,  2'  6"  centers. 

"c.  Flashes. — Lights  shall  flash  alternately.  The  number  of  flashes  of  each 
ight  per  minute  shall  be  30  minimum,  45  maximum. 

"  d.  Hoods. — Lamp  units  shall  be  properly  hooded. 

"e.  Range. — When  lamps  are  operated  at  normal  voltage,  the  range,  on 
angent,  shall  be  at  least  300'  on  a  clear  day,  with  a  bright  sun  at  or  near  the 
;enith. 

''/.  Spread. — The  beam  spread  shall  be  not  less  than  30  each  side  of  the 
ixial  beam  under  normal  conditions.  This  beam  spread  is  interpreted  to 
efer  to  the  point  at  the  angle  mentioned  where  the  intensity  of  the  beam  is 
0%  of  the  axial  beam  under  normal  conditions. 

" g.  Lenses  or  Roundels. — The  size  shall  be  5^s"  minimum,  %%"  maximum. 

"Rule  44.  Wigwag  Type. — a.  Length  of  stroke  is  the  length  of  cord  which 
ubtends  the  arc,  determined  by  the  center  of  the  disc  in  its  extreme  positions, 
.nd  shall  be  2'  6". 

1  Good  serviceable  height,  most  cases  8'. 
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b.  Disc. — The  disc  shall  be  20"  in  diameter.  Its  field  shall  be  white  with 
a  black  circumferential  border  1"  wide.  The  horizontal  and  vertical 
diameters  shall  be  shown  by  black  lines  2^"  wide.  A  red  lens  or  roundel 
should  be  placed  at  the  center  in  front  of  the  lamp. 

"c.  Number  of  Cycles. — Movement  from  one  extreme  to  the  other  and 
back  constitutes  a  cycle.  The  number  of  cycles  per  minute  shall  be  30 
minimum  and  45  maximum. 

"  d.  The  lamp  with  which  the  disc  shall  be  equipped  shall  be  lighted  when 
the  disc  is  swinging. 

"Rule  45.  Approach  Signal. — Advance  warning  signals  which  indicate 
approach  to  a  railroad  crossing,  and  not  the  actual  approach  of  a  train,  shal! 
conform  to  the  provisions  of  sec.  3,  Rule  30." 

Section  5.  Specifications  for  Colors 

"Rule  50.  Definition  of  Colors. — Red,  yellow,  green,  or  blue  as  used  ir 
this  code  are  intended  to  mean: 

"a.  The  colors  resulting  from  the  transmission  of  the  proper  light  througt 
the  proper  glasses  and  having  the  characteristics  described  in  Rules  51  and 

52.  ... 

"b.  The  colors  resulting  from  the  reflection  of  white  light  from  the  proper 
pigments  and  having  the  characteristics  described  in  Rule  53. 

"Note. — -For  a  definition  of  white  light,  reference  is  made  to  the  repor 
of  the  Colorimetry  Committee  of  the  Optical  Society  of  America,  1920-192: 
{Jour.  Optical  Soc.  Amer.,  and  Rev.  Set.  Inst.  6,  p.  563,  1922).  Substan 
tially,  it  is  average  sunlight  at  noon  at  latitude  of  Washington. 

"Rule  51.  Qualitative  Definition  of  Colors  for  Luminous  Signals. — a 
Red. — The  spectrum  of  red  shall  contain  both  red  and  orange  but  not  mon 
than  a  trace  of  yellow  and  no  green,  blue,  or  violet.  The  most  desirabli 
hue  is  entirely  free  from  yellow,  which  means  that  the  glass  does  not  transmi 
the  yellow  light  from  a  sodium  flame. 

"b.  Yellow. — The  spectrum  of  yellow  shall  contain  red,  yellow,  and  green 
with  but  little  blue  and  no  violet.  The  most  desirable  hue  is  entirely  fre 
from  blue  and  might  be  designated  a  light  amber. 

"c.  Green. — The  spectrum  of  green  shall  contain  yellow,  green,  blue,  an< 
violet,  with  only  a  trace  of  red  and  orange.  This  hue  is  known  as  "admiralt; 
green"  and  has  a  bluish  tint  when  observed  by  daylight. 

"Rule  52.  Quantitative  Definition  of  Colors  for  Luminous  Signals  — 
The  colors  red,  yellow,  and  green  shall  have  the  following  characteristics: 


: 


• 


Dominant  wave 

length, 

millimicrons 


Purity,  % 


Integral  transmis- 
sion of  glass,    % 


• 


Red... 

Yellow 

Green . 


Not  less  than  624 
Not  less  than  592 

nor  more  than  600 
Not  less  than  496 

nor  more  than  536 


Not  less  than  100 
Not  less  than  97 

Not  less  than  45 


Not  less  than  10 
Not  less  than  24 

Not  less  than  11 


"These  values  are  determined  by  the  transmission  of  light  from  a  sourc 
at  the  color  temperature  of  2.36o°K.  (practically  that  of  the  acetylene  flam 
or  present  type  of  vacuum  tungsten  lamp  at  normal  voltage)  through  th 
respective  glasses.  They  are  based  upon  spectral  transmission  measure 
ments  and  upon  computations  carried  out  in  accordance  with  the  method 
and  data  described  in  the  Colorimetry  Report  of  the  Optical  Society  o 
America. 

"Note. — The  light  and  dark  limits  of  the  glasses  on  which  the  abov 
values  are  based  have  the  following  relative  transmissions  on  the  scale  of  th 
American  Railway  Association. 

Light  Limit  Dark  Limit 

Red 300  150 

Yellow 200  100 

Green 250  100 


Dominant  wave 

Purity,   % 

Integral  of  pig- 

length, millimicrons 

ment,   % 

Red 

Not  less  than  608 

Not  less  than  60 

Not  less  than  8 

Yellow 

Not  less  than  580  nor 
more  than  588 

Not  less  than  80 

Not  less  than  35 

Not  less  than  524  nor 
more  than  552 

Not  less  than  30 

Not  less  than  8 

Blue 

Not  less  than  466  noi 
more  than  474 

Not  less  than  10 

Not  less  than  4 

DANGER  INDEX 
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"Rule  53.  Quantitative  Definition  of  Colors  for  Non-luminous  Signs. — 

'he  colors  red,  yellow,  green,  and  blue  shall  have  the  following  characteristics: 


"These  values  are  determined  by  the  reflection  of  white  light  from  the 

spective  pigments.      They  are  based  upon  spectral  reflection  measurements 

nder  conditions  of  diffuse  illumination  and  upon  computations  carried  out 

accordance   with  the   methods   and   data   described   in  the   Colorimetry 

eport  of  the  Optical  Society  of  America." 

Probability  of  Accident.  Danger  Index. — Probability  of  accident 
epends  on  volume  of  highway  traffic,  number  and  speed  of  trains', 
elay  and  congestion  at  crossing,  visibility  at  crossing,  physical 
Dndition  of  highway  approaches,  and  the  method  of  protection  used 
t  the  crossing.     As  a  rough  basis  of  arriving  at  a  relative  danger  for 

large  number  of  crossings  which  it  is  desirable  to  rate  in  order  of 
nportance  for  a  program  of  improvement  the  following  method, 
sed  in  western  New  York,  is  described. 

)anger  index,  unprotected  crossings  =  Average  24-hr.  highway 
traffic  X  Weighed   value,  of  number   trains    24   hr. 
X  Visibility  factor  X  Approach  danger  factor. 

To  find  the  probability  of  the  number  of  serious  accidents  per 
ear  (long-time  average)  the  danger  index  for  the  crossing  is  divided 
y  a  special  constant  for  each  method  of  protection  which  repre- 

nts  one  serious  accident  per  year  and  is  derived  from  a  careful 
:udy  of  accident  data  for  a  large  number  of  crossings  for  a  num- 
er  of  years.  Individual  crossings  will,  of  course,  for  short  periods 
ften  vary  considerably  from  these  results,  but  in  the  long  run  the 
alues  are  very  reliable  for  this  particular  district.  The  tentative 
alues  for  the  constants  used  are  as  follows  (these  values  are,  of 
Durse,  subject  to  future  correction  based  on  more  complete  data) : 

Unprotected  crossings 1 25,000 

lain  semiphore  or  banjo  semiphore 250,000 

ugwag  or  flash  signals 500,000 

4-hr.  watchmen  or  gates 700,000 

To  illustrate,  if  a  crossing  has  a  danger  index  of  50,000,  the 

robability  of  serious  accident  is  obtained  as  follows: 

Unprotected  conditions    50,000  . . 

-  0.4  accident  per  year. 


125,000 
Flash  signals 50,000 


=  0.1  accident  per  year. 


500,000 
Probable  yearly  accident  damages  can  be  approximated  from  this 
>r  any  assumed  average  injury  amount,  say,  $15,000  per  serious 
ijury. 
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The  use  of  a  danger  index  appears  to  some  engineers  at  first  sigh 
as  of  little  real  value  and  a  complicated  matter.  In  reality,  it  i 
simple  and  has  been  found  to  agree  with  average  accident  records  fc 
a  io-year  period  ana  with  the  common-sense  judgment  of  railroa 
and  highway  engineers.  It  has  been  adopted  as  the  official  stanc 
ard  of  rating  the  crossings  for  order  of  elimination  improvemeni 
The  factors  are  explained  as  follows: 

Highway -traffic  Factor. — This  is  obtained  from  the  yearly  tram 
census  modified  for  probable  24-hr.  year-round  daily  volume  an 
corrected  for  probable  increase  during  the  period  to  be  considere 
(see  Chap.  I,  p.  32). 

Railroad-traffic  Factor. — For  grade-crossing  danger  index  tb 
following  values  are  used,  which  consider  speed  and  delay  congee 
tion: 

Number  passenger  trains  per  24  hr.  full  speed  X  1. 
Number  passenger  trains  per  24  hr.  near  stops  X  0.25. 
Number  freights  full  speed  X  0.5    1  highway  traffic  less  tha 
Number  freights  near  stops  X  0.25  j      2000  daily. 
Number  freights  full  speed  X  0.75  \  highway  traffic   2000   t 
Number  freights  near  stops  X  0.25  (      4000  daily. 
Number  freights  full  speed  X  1 .0    \  highway  traffic  over  40c 
Number  freights  near  stops  X  0.25  /    daily. 

Visibility  Factor. — For  good  visibility  where  driver  of  roa 
vehicle  can  see  500'  each  way  along  track  when  he  gets  to  withi 
70'  of  the  crossing  a  factor  of  1.0  is  used. 

For  a  view  of  less  than  500'  from  each  of  the  four  possible  dire< 
tions  of  sight  0.1  is  added  to  the  factor,  giving  a  maximum  facte 
of  1.4. 

The  effect  of  visibility  of  approaching  trains  is  very  indefinil 
and  there  is  no  agreement  among  engineers  as  to  values  to  t 
assigned.  It  is  certain,  however,  that  it  is  not  directly  proportion; 
to  degree  of  poor  sight.  All  drivers  use  more  care  at  a  blind  cros: 
ing  than  at  an  open  crossing  unless  the  crossing  is  protected  b 
watchmen  or  signals,  in  which  case  the  invisibility  of  approachin 
trains  has  little  effect  on  accident. 

Where  the  crossing  is  unprotected  it  is  necessary  for  the  drive 
to  see  approaching  trains  with  sufficient  ease  while  he  is  still  fc 
enough  away  from  the  crossing  to  get  his  car  under  control.  It 
also  necessary  for  him  to  get  across  the  tracks,  after  the  last  tirr 
he  looks  for  trains,  before  an  approaching  train  reaches  the  crossing 
The  author's  personal  investigations  of  the  habits  of  ordinaril 
careful  drivers  on  improved  roads  (state  system)  indicates  tha 
they  cross  the  usual  crossing  at  about  20  to  25  miles  per  hour  an 
that  the  last  time  they  look  for  trains  is  about  60  to  80'  from  th 
first  rail.  If  they  see  no  trains  they  confine  their  attention  t 
driving.  If  these  assumptions  are  correct,  safe  visibility  must  b 
sufficient  to  permit  the  road  vehicle  to  travel  up  to  and  across  th 
tracks  before  a  train,  which  could  not  be  seen  the  last  time  th 
driver  looked,  reaches  the  crossing. 

For  usual  single-  or  double-track  crossings  the  road  vehicle  mus 
travel  100  to  200'  while  the  driver  is  not  looking  for  trains.     A 
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different  speeds  covering  this  distance  would  take  the  following 
times : 


Speed,  miles 
per  hour 


Time  of  crossing 


ioo'  distance, 
in  seconds 


200'  distance, 
in  seconds 


10 
IS 
20 
25 
30 


7 

45 

35 

2.7 

2.3 


14 
9 
7 

5-4 
4.6 


The   distance   trains   travel  per   second   at   different  speeds  is 
approximate  as  shown  in  the  following  table. 


Speed,  miles 
per  hour 


Feet  per  second 


Required  visibility 
for  a  six-second 
interval,  in  feet 


20 
30 
40 
50 
60 


30 
45 
58 
73 
88 


180 
270 
350 
450 
530 


A  leeway  of  six  seconds  for  a  sight  distance  70'  from  the  track 
should  be  the  minimum  safe  interval  for  ordinary  conditions.  This 
interval  requires  visibility  lengths  (shown  in  the  last  column  of  the 
above  train  speed  table)  according  to  the  speed  of  the  approaching 
train. 

Approach  Factor. — For  good  approach  conditions  use  factor  of  1 .0. 

If  approach  conditions  are  worse  than  the  minimum  requirements 
of  specifications  given  on  page  609,  0.1  is  added  for  each  side  of 
crossing  which  does  not  meet  specifications,  giving  a  maximum 
factor  of  r.2.  The  main  danger  is  due  to  difficulty  in  stopping  cars 
on  a  downhill  grade  when  the  pavement  is  slippery. 

For  example  of  figuring  danger  index  see  sample  report  p.  606. 

ELIMINATION  OF  GRADE  CROSSINGS 

Order  of  Importance. — Grade  crossings  can  be  eliminated  by 
means  of  grade  separations  and  relocations.  Road  relocations  can 
often  be  made  at  moderate  cost,  but  grade  separations  are  always 
an  expensive  proposition.  As  funds  are  always  limited  for  such 
work,  it  is  important  to  select  the  crossings  for  first  consideration 
which  give  the  most  reduction  in  danger  and  delay  per  dollar 
xpended,  that  is,  any  large  program  should  be  coordinated  for 
relative  danger,  considering  the  installation  of  signal  or  watchman 
protection,  and  for  best  business  investment,  considering  elimina- 
tion construction.  This  can  be  readily  approximated  by  means 
3f  careful  preliminary  estimates  of- cost  of  the  most  feasible  methods 
A  elimination  in  conjunction  with  the  relative  danger  at  the  present 
(text  continued  on  page  630.) 
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crossings  estimated  in  some  manner  approximately  similar  to  th 
danger-index  method  given  on  page  623.  A  relative  best  business 
investment  index  can  then  be  established  for  each  crossing  by  divic 
ing  the  cost  of  construction  by  the  danger  index  and  the  crossing 
arranged  in  order  of  relative  value  (see  tabulation  114B). 

To  illustrate  again  from  western  New  York  where  this  method  : 
in  official  use  on  the  state  road  system  program  the  following  : 
quoted  from  the  official  report  on  the  Proposed  Eliminatio 
Program : 

"The  general  method  of  determining  the  relative  value  of  eliminatic 
projects  is  based  on  dividing  the  cost  of  the  proposed  elimination  for  eac 
crossing,  which  ranges  from  $50,000  to  $250,000,  by  the  danger-index  numbi 
for  that  crossing,  which  ranges  from  200,000  to  500.  While  this,  1 
course,  is  not  rigidly  applicable,  it  divides  the  crossings  into  rough  gener 
classifications  of  relative  effective  expenditure,  as  the  index  numbers  range 
from  40  cts.  to  $160  for  new  eliminations  and  from  $5  to  $40  for  the  improv 
ment  of  dangerous  existing  eliminations.  All  crossings  in  the  division  we: 
then  tabulated  in  the  order  of  their  best  business-investment  order,  dividir 
the  tabulation  into  two  parts,  one  for  new  eliminations  and  one  for  tl 
improvement  of  dangerous  existing  eliminations.  The  crossings  for  eac 
railroad  were  similarly  tabulated.  The  crossings  in  each  county  we 
similarly  tabulated.  In  this  way  expenditures  can  be  apportioned  I 
counties  and  to  the  different  railroads  without  undue  favoritism,  and  at  tl 
same  time  the  most  important  crossings  selected  for  first  consideratio 
The  value  of  such  data  has  been  amply  proved  in  this  division  during  19: 
in  connection  with  recommendations  for  action  in  six  petitions.  Based  c 
this  program  we  advised  quick  action  on  three  projects  near  the  top  of  tl 
list  at  an  estimated  total  cost  of  $225,000,  which  are  well  worth  the  expenc 
ture,  and  advised  indefinite  delay  with  signal  protection  on  three  projec 
well  down  on  the  list  which  are  comparatively  unimportant  and  would  ha' 
cost  $300,000." 

Consolidation   of   Crossings   and  Eliminations  by  Relocatior 

In  many  cases  highways  which  are  traveling  in  the  same  directic 

M  I  I  I  I  I  1  I  I  II  I  I  II  I  M  I  II  I  II  M  I  I  1  1  )  1  1  I  I  I  I  1  1  1  I  1  1  I  1  1  1  1  1  1  |K  11  1  1  1  t 


Sketch  A. — Relocation  elimination. 


as  a  railroad  cross  the  railroad  needlessly  as  shown  in  sketch  I 
For  such  cases  it  is  obviously  desirable  to  relocate  to  avoid  crossin 
provided  it  is  physically  possible  and  provided  the  new  highway  : 
properly  designed  for  easy  alignment,  grades,  widths,  etc. 

In  many  cases  it  is  possible  to  consolidate  crossings  as  shown  i 
sketch  B.  This  method  is  not  necessarily  desirable,  nor  does 
necessarily  reduce  danger  unless  the  number  of  times  a  vehicl 
crosses  the  railroad  is  reduced  or  unless  the  crossing  which  i 
retained  is  an  easier,  better  protected,  and  safer  crossing  than  th 
one  abandoned.  This  requires  careful  engineering  location  an 
excellent  design  of  the  new  proposed  approaches  of  the  highwaJ* 


.: 


» 


H 


h  "elocation.  That  is,  the  use  of  one  crossing  for  the  same  amount  of 
>s  :raffic  as  previously  handled  by  two  crossings  is  just  as  dangerous  as 
:lie  original  two  crossings  unless  approach  and  protection  conditions 
?  ire  improved.  Accident  records  show  that  accidents  are  approxi- 
mately directly  proportional  to  the  volume  of  highway  traffic  for 
my  given  condition  of  sight  distance,  approach  grades,  visibility, 
md  number  and  speed  of  trains. 

Sketch  B  shows  examples  of  both  poor  and  good  relocation 
ipproach  layouts.  The  poor  layout  is  often  advocated  by  the  rail- 
oads  as  they  require  less  right  of  way.     Poor  location  of  this 
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Sketch   B. — Relocation  consolidation  of  crossings. 

haracter  are  extremely  dangerous  as  drivers  cannot  see  trains 
pproaching  from  the  rear,  and  the  short  abrupt  turn  at  the 
rossing  gives  them  little  opportunity  to  look  up  the  track  before 
tiey  are  on  the  crossing. 

The  long  radius  balloon-curve  approach  with  a  minimum  tangent 
f  75'  from  the  track  makes  the  approach  safe.  The  radius  of  the 
pproach  curve  should  be  varied  according  to  the  relative  impor- 
mce  as  required  (see  alignment  specifications,  p.  120). 

See  page  775  for  official  report  on  a  relocation  proposition. 

SUMMARY  OF  GENERAL  PRINCIPLES   OF  ELIMINATION 
F    CROSSINGS    BY    MEANS    OF    SIDE-LINE    CONSOLIDATIONS 

1.  The  crossing  retained  must  be  safer  than  the  crossing  abandoned. 

2.  The  road  design  of  the  new  connecting  road  must  be  up  to  reasonable 
lgmeering  standards  and  must  be  particularly  good  in  regard  to  approach 
ignment  and  grades  at  the  retained  crossing,  permitting  good  car  control 
id  ample  time  for  drivers  to  sense  the  approach  of  trains  or  to  see  automatic 
gnals. 
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3.  If  there  is  a  large  difference  in  highway  traffic  volume  on  the  two  roads 
to  be  consolidated,  the  crossing  on  the  heaviest  traffic  highway  should  be  the 
one  retained  and  improved. 

4.  If  the  traffic  on  both  roads  is  practically  the  same  and  is  light  volume 
and  if  the  crossings  are  of  equal  safety,  the  retained  crossing  should  be 
selected  to  result  in  the  least  increase  in  distance  of  travel  for  highway  traffic. 

5.  If  the  traffic  is  practically  the  same  for  both  roads  and  is  heavy  traffic 
it  is  often  better  to  protect  each  crossing  by  automatic  signals  or  by  elimina- 
tions rather  than  to  attempt  to  consolidate  them,  on  account  of  congestion  - 
added  distance,  and  inconvenience  to  traffic.  That  is,  it  is  not  permissible 
to  consolidate  crossing  solely  on  the  score  of  reducing  the  number  of  cross- 
ings when  such  action  is  a  distinct  detriment  to  the  efficiency  of  the  highway 
layout. 

Subway  and  Overhead  Elimination  Specifications. — As  structura 
eliminations  are  expensive  and  comparatively  permanent,  the) 
should  be  carefully  designed  to  provide  adequate  safety  and  comfori 
for  both  highway  and  railroad  traffic.  Provision  should  also  b( 
made  for  additional  railroad  trackage  and  a  highway  roadwa) 
width  which  will  handle  the  expected  growth  in  volume  of  trave 
during  the  life  of  the  structure. 

In  the  past  there  have  been  too  many  cases  where  such  elimina 
tions  were  designed  solely  from  the  railroad  standpoint  of  getting 
rid  of  collisions  at  grade  crossings  with  a  consequent  reduction  ii 
damage  claims  and  without  any  serious  consideration  of  safe  high 
way  conditions  at  the  new  elimination.  That  is,  steep  highway 
grades,  crooked  alignment,  and  narrow  bridges  at  poorly  designee 
eliminations  have  resulted  in  as  many  serious  injuries  to  highway 
users  as  occurred  at  the  old  grade  crossings  due  to  collisions. 

To  illustrate  the  uselessness  of  poorly  designed  structural  eliminations  ii 
reducing  accidents  the  following  accident  statistics  for  1926  on  the  state  high 
way  system  in  western  New  York  (Division  4)  are  cited. 

215  grade  crossings — 15  serious  injuries  or  0.07  injury  per  crossing  averag 
10   poor   dangerous   eliminations,    sharp   curvature   and   narrow   bridges 

4  serious  injuries  or  0.4  injury  per  elimination 
16  fairly  good  eliminations,  3  serious  injuries  or  0.2  injury  per  eliminatioi 
29  good  eliminations — A  few  minor  accidents  but  no  serious  injuries. 
As  a  general  rule,  subways  (highway  under  railroads)  are  safer  than  over 
head   crossings.      The    main   reasons   for   demand   for  eliminations   in   thi 
territory  are  to  give  free  and  safe  access  to  new  real  estate  developmen 
territory  and  to  prevent  delay  and  congestion  on  heavily  traveled  roads. 

Provisions  for  future  traffic  growth  is  a  vital  part  of  the  design 
Too  much  liberality  results  in  running  the  initial  cost  up  beyonc 
reason,  and  too  little  provision  results  in  congestion  and  danger  in  1 
short  period.  As  eliminations  in  rural  districts  are  really  luxurie: 
instead  of  necessities  they  may  better  be  dispensed  with  entireh 
unless  they  are  made  safe  for  a  reasonable  term  of  years.  It  i; 
poor  policy  to  run  the  initial  cost  up  needlessly  by  too  liberal  desigr 
for  future  requirements  for  any  portion  of  the  structure  which  car 
be  gradually  widened  to  take  care  of  future  traffic  growth  withoui 
necessitating  the  complete  rebuilding  of  the  entire  structure.  Thai 
is,  approach  fills  can  always  be  widened  at  any  time  to  get  additiona 
traffic  lanes.  Stringer  type  overhead  bridges  can  be  widened  al 
any  time  without  rebuilding  the  entire  bridge.  Additional  track- 
age can  be  provided  through  a  trestle  approach  span  at  an> 
time  by  the  construction  of  special  walls  which  in  no  way  disturt 
the  old  structure.     The  author  has  been  in  the  habit  of  allowing  foi 
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o  years'  traffic  growth  for  portions  of  the  design  which  can  be 
xpanded  without  loss  and  allowing  for  50  years'  growth  for  struc- 
ures  which  will  have  to  be  rebuilt  entire  to  widen  (see  p.  32  for 
iscussion  of  future  traffic). 
The  following  specifications  indicate  minimum  requirements 
ecessary  for  reasonably  safe  and  convenient  elimination  designs. 

SPECIFICATIONS    FOR    GRADE-CROSSING    STRUCTURAL 
ELIMINATIONS 

Note. — In  the  following  specifications  "subway"  means  where  the  high- 
ay  passes  under  the  railroad  and  "overhead"  means  where  the  highway 
asses  over  the  railroad.  The  daily  traffic  volumes  given  refer  to  12  hour 
aylight  counts  taken  on  Friday  and  Saturday  in  August. 

General  Specifications 

As  a  general  rule  the  elimination  layout  shall  conform  to  normal  highway 
cation  and  alignment.  The  introduction  of  curved  highway  approach 
ignment  solely  for  the  purpose  of  reducing  span  and  cost  of  bridge  struc- 
xres  is  rarely  justified. 

As  a  general  rule,  subways  are  to  be  preferred  to  overhead  crossings  on  the 
ore  of  highway  safety,  appearance  in  villages,  and  urban  property  values 
iless  the  cost  is  materially  greater  than  an  overhead  elimination.  Subway 
iminations,  however,  must  not  have  piers  or  column  obstructions  within 
le  pavement  area. 

Fill  approaches  for  overhead  crossings  are  preferred  to  trestle  approaches 
iless  cost  is  materially  increased  due  to  property  damage.  This  does  not 
)ply  to  single-approach  trestle  spans  to  reduce  abutment  costs. 

Bridge  Specifications  and  Clearances 

lbway  Clearances  (Railroad  Bridges) : 

Vertical  clearance,  crown  of  road  to  bottom  of  railroad  bridge. 

Main  roads 14' 

Secondary  roads 13  .  5' 

Width  of  roadway  at  right  angles  to  highway  center  line: 

Main  roads  (over  9,000  vehicles  daily) 42'  minimum 

Main  roads  (6,000  to  9,000  vehicles  daily), 32'  minimum 

Main  roads  (up  to  6,000  vehicles  daily), 26'  minimum 

Unimportant  roads  (up  to  300  vehicles  daily) 20'  minimum 

Sidewalks  where  needed, 5'  minimum 

rerhead  Elimination  Clearances  (Highway  Bridges) : 
Vertical  clearance,  top  of  rail  to  bottom  of  highway  bridge: 
Steam  railroads: 

Normal 22.0' 

Minimum 21.0' 

Electric  trolleys: 

Normal 16.0' 

Minimum 14.  o' 

Highway  bridge  portal  clearances: 

Main  roads 14.0' 

Secondary  roads 13-5' 

Side  railroad  clearances,  outside  rail  to  face  of  highway  bridge 
abutment  or  pedestals: 
Steam  railroads: 

Straight  main  track,  minimum 8' 

Usual  practice 10' 

Straight  siding  track,  minimum 6' 

Curved  main  track,  minimum 10' 

Electric  trolley  lines: 

Straight  track,  minimum 4' 

Curved  track,  minimum 6' 

Railroad  bridge  widths: 

Renter  to  center  of  girders  single  track  on  tangents.  15'  06"  to  17'  06"  ± 

enter  to  center  of  girders  double  track  on  tangents 30'  06"  + 
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Increase  for  curvature  and  length  of  span. 
Highway  bridge  roadway  widths,  minimum: 

Main  roads  (over  9,000  vehicles  daily) 40' 

Main  roads  (6,000  to  9.000  vehicles  daily) 30'  minimu 

Main  roads  (up  to  6,000  vehicles  daily) 24'  minimu- 

Unimportant  roads  (up  to  300  vehicles  daily) 20'  minimu 

Sidewalks  as  needed  in  villages  and  all  roads  carrying  over 

2,000  vehicles  daily,  minimum S' 

Depth   of   Bridge    Floors    (Approximate    Only    for    Preliminary 

Layouts) :  .     .■ ' 

Railroad  plate  girders,  bottom  rail  to  bottom  of  girders  (through  girder^: 

Steam  railroads 3  •  5-4  •  0^ 

Electric  railroads 3  •  0-3  •  5 

Deck  girders  H2  of  span  plus  18": 

Overhead  highway  bridges •  •  •    3 •  0-4.0 

Note —Overhead  highway  bridge  floor  system  encased  in  concrete 
protect  from  engine  gases  for  main  span  over  track.  Use  stringer  type 
bridge  up  to  55' clear  span  to  permit  easy  future  widening. 

All  railroad  bridges  to  have  solid  floors  to  prevent  falling  of  objects  or 
road. 
Bridge  Design  Loadings: 

Highway  bridges:  „ 

Main  roads S"^° 

Secondary  roads n'15 

Railroad  bridges:  „  F 

Steam  (main  lines) £"7°  or  a- 

Steam  (branch  lines) E-60  or  h 

Electric  interurban ^"4°  to  & 

Highway  Approach  Specifications 

Minimum  Sight  Distance: 

Main  roads *5 

Secondary  roads ^3U 

Alignment: 

Main  roads  (straight  if  possible) : 
Minimum  center-line  radius: 

On  grades  less  than  5  % | '°, 

On  grades  5  %  or  greater 8°° 

Side  road  intersections,  minimum: 

Radius  of  curvature :  •  •  • 5°  A:,u 

(See  p.  121  for  discussion  of  intersections)  _     ( 

Driveway  connections,  radius 2S  35 

(See  p.  121  for  discussion  of  drive  alignment) 

Maximum  Grades: 

Subways:  60^ 

Main  roads,  good  alignment ,„<£ 

Secondary  roads,  good  alignment 7  •  u  /o 

Overheads:  e  n„ 

Main  roads,  good  alignment £  ■ "  g 

Secondary  roads,  good  alignment °  ■ "  £ 

Electric  railroad  maximum  grade 4  • "  /o 

NoTE._Reduce  grades  for  alignment  sharper  than  stipulated  ab( 
A  combination  of  a  6  %  grade  on  a  7  deg.  curve  (800'  radius)  is  the  maxirr 
P^?mTssible  combination  which  serves  satisfactorily.  If  sharper  curval 
is  needed  reduce  grade.      (See  p.  118  for  discussion.) 

MWr  ^^S^enL^riLnts  at  bottom  of  hills 

C^°roeaadChgr4adeavert?cSf  curve  across  overhead  bridges  and  make  f 
surface  coincide  with  this  vertical  curve 
Roadway  Widths  (Minimum) : 

Pavements:                                    .  .Q> 

Main  roads,  over  9.000  vehicles  daily. £« 

Main  roads,  6,000  to  9.000  vehicles  daily ' 

Main  roads,  4,000  to  6,000  vehicles  daily ™, 

Main  roads,  up  to  5.000  vehicles  daily i6> 

Unimportant  roads 
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Pavement  under  railroad  bridges  full  width  abutment  to  abutment,  for 
ngth  of  runoff  to  normal  width  see  page  133. 
Grading: 

Ditch  to  ditch  in  cut: 

Two-lane  traffic 26-32' 

Three-lane  traffic 36—42' 

Top  edge  to  edge  of  fills: 

Two-lane  traffic,  up  to  6,000  vehicles 32' 

Three-lane  traffic,  6,000  to  9,000  vehicles 42' 

Unimportant  roads 24' 


5+ ,00*12.5 


OVER  CROSSING 

Underdearance:  f,ea?  R£  **', 
Electric Ry./6 

rorlOO'SpanD=3''6"n 
»  ISO'  >>  D=3'-I0" 
-or  Plate  Girders  Encased D=3L9" 


6  Approx'imah 


Stringer  Bridges  up  to  55  S, 
Dhte  Girders  40  to  /OO  'Sp 
Trusses  100 ' 'up 


55  Spans  Underside  of  floor  system 

~  ans  to  be  encased  in  concrete 

to  protect  steel  from 
engine  gases 

Fig.   203. — Typical  overhead  highway  bridge  clearances. 


le walks:  Complete  segregation  from  roadway  by  pipe  rail  and  high 
raised  curb  (at  least  12"  in  subways)  and  by  means  of  a  separate  lane 
fenced  off  by  substantial  rail  on  overhead  fills. 

vement  Types:  Main  roads  over  2,000  vehicles  daily.  Use  rigid  type  of 
pavement  in  subways.  Use  temporary  flexible  type  of  pavement  (gravel 
or  macadam)  on  deep  approach  fills,  later  replaced  with  a  rigid  type  after 
fill  has  settled. 

(text  continued  on  page  641.) 
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UNDERPASS 

Fig.   204A. — N.  Y.  State  standard  underpass  clearances  rural  state 

highways  (1926). 
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ft* 

Rein  forced  Cement  Concrete  Pavement 

8"~7"~8  -Bar Peinforcernenr 


^%>   -Vh*  *A^-Jkr-J* — /j 77,-4' 

Crown  Grade?*^      ■  .        leg*     I.-/&"    1  !  ^-..  l?:' 


£  /cree  of 
'Abutment 


Crown  Grade^ 


Variable 


Underdrain 
ifordered 


Central  Joint 


Porous  Filling 


Fig.   205A . — Typical   roadway   section   for  subway  elimination  ir 
rural  districts — no  special  provision  for  pedestrians. 
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Secondary  roads,  up  to  2,000  vehicles  daily,  macadam  or  gravel. 

Note. — For   depths   of   pavements   on   different    soils   and   for'  different 

traffic  see  Table  74.  page  391  and  Table  86,  page  426. 

Drainage:  In  subways  pick  up  water  on  both  sides  of  bridge  to  keep  low 
spot  dry.  Never  run  water  through  on  the  surface  and  collect  on  one 
side  unless  road  grade  is  on  a  continuous  down  grade  for  the  entire  elimi- 
nation approaches. 


^Jthtitbrc^d 'ww.^ 

£  KBVBmBffr 

S-^°>  thickness 
2???  5  i:i'/B:3Wx  S 
J^  Jj  Mesh  and  Bar  JH 
-,  ,0  Reinforcement  ■* 
IK*-,, w'  - 


I1A 


--"'--111  III  3? 


MMM//are~BH^p^SB|^e  adsHr/  S^gggSg 


GmSidewallr 
Cross  Shpe 
""per  ft-. 


--■16.5 >< 


Tqpicol  Fill  Approach  Section 
y.\v'^-~\ConcretelVall 


New Ybrlr  Stated" 
rfandord 'Cbncrek 
aw  Superstructure 
5P.No.404 


.  -  ./&'s- - .  .jj.     _  ^/g  -,---  i^g  t 

,  *-* no- >*? 

-  -f5.0-  —  * < ts.'o >f* Ms- 


^^^^^W^/^/.«A^^.^/^j^jfe5^y 
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Topical  Trestie  Approach  Section 


NOTE.'  Bituminous  Macadam 
Side  Drive  follows  Grade  of 
Existing  Road 
Catch  Basins  as  ordered 
Utilizing  Present    ^ 


jS  New  Bituminous 
,g  Macadam  Side  Drive 
fc    Cross Shpe  3/g'perl' 

---Jr-JP.O!- 


3" Bit.  Mac.  Top 

3  Stone  or  Slag  Mac.  Bottom 

6  "QravelSub  Base 


[G. 


Miscellaneous  Track  and  Clearance  Data. — For  side  and  vertical 
Frances  see  Specifications  (p.  633). 

The  following  typical  roadway  sections  and  track  gage  and  center- 
le  spacing  are  useful  in  connection  with  layouts. 


2o6.4. — Typical  rural  roadway  approach  section  for  overhead 
highway  eliminations.      (Village  conditions.) 
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Table  115. — Spacing  of  Tracks  C  to  C  Center  around  Curve 

to  Allow  for  Overhang  of  Cars  and  Obtain  Equivalent 

to  That  on  Straight  Track1 
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iWeiss,  Practical  Railway  Maintenance,  McGraw  Hill  Book  Company,  I: 

Preliminary  Investigations. — Preliminary  investigations^  co\ 
trial  estimates  for  all  feasible  schemes  of  elimination  to  picket 
best  and  most  economic  solution.  They  must  consider  the  possib 
ities  of  road  relocations,  subways  or  overhead  methods,  differe 
combinations  of  alignment  and  grade  property  damage,  drainaj 
pavement  types,  etc.  These  investigations  should  be  made 
experienced  engineers,  as  they  set  the  general  plan  and  control  t 
economics  of  design.  A  sample  report  follows  and  is  supplement 
by  various  diagrams  for  quick  estimating  in  comparing  differe 
possible  layouts. 

MEMORANDUM   FOR   

ELIMINATION,    CROSSING    34, 

VILLAGE,  C.  H.  634,  NEW  YORK  CENTRAL  RAILROAD 
(WEST  SHORE  BRANCH)  MONROE  COUNTY 

"Recomendation. — I  recommend  that  this  crossing  be  eliminated  in  it 
by  means  of  an  overhead  highway  crossing. 

"Cost. — The  cost  of  this  elimination,  including  property  damage,  is  e: 
mated  at  $133,000. 

"The  cost  of  the  highway  approaches  and  temporary  side  road  is  e: 
mated  at  $63,000;  the  bridges  and  trestle  at  $52,000. 

"The  transmission  line  work  at  $5000  and  property  damage  at  $13,000 

"The  preliminary  program  estimate  of  February,  1924.  was  $120,0 
including  property  damage.  The  preliminary  program  estimate  of  Mar 
1925,  was  $130,000.  .  •     .     _         .  ,  r   ■ 

"Status   of   Crossing. — This   crossing  is   first  in   order   of   importance 
Division  4  for  new  elimination  projects  and  should  be  constructed  in  19 
regardless  of  the  success  or  failure  of  the  pending  bond  issue.     The  ■ 
(text  continued  on  page  644.) 
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644  RAILROAD  GROSSING  PROTECTION 

struction  of  this  elimination  cleans  up  all  crossings  on  the  main  Rochester- 
Buffalo  road  between  Rochester  and  Batavia. 

"This  crossing  has  a  danger  index  of  75.000  and  an  investment  index 

of  Si. 75. 

"The  immediate  elimination  of  this  crossing  has  been  formally  requested 
by  the  Rochester  Chamber  of  Commerce,  the  Rochester  Auto  Club,  the 
county  of  Monroe,  the  town  of  Riga,  the  Batavia  Auto  Club,  and  the 
county  of  Genesee. 

"Physical  Conditions  at  Crossing. 

Number  of  tracks 2 

Balast stone 

Weight  of  rail no 

Alignment  of  railroad straight 

Approximate  track  grade level 

Number  of  passenger  trains 4 

Speed  of  passenger  trains 30  m.p.h. 

Number  of  freight  trains 40  + 

Speed  of  freight  trains 25  m.p.h. 

Present  crossing  protection Watchman  8:30  a.m. 

to  5:30  p.m. 

Angle  center  line  and  center-line  road 36°± 

Highway  approach  grades  west —3-3  %  east  +  0.8% 

Present  highway  pavement Topeka  on  concrete 

1 6'  wide 

"Highway  Traffic  (12-hr.  Counts  in  August). 

Year  Number  of  Vehicles 

1920  450 

1923  405 

1924  1677 

Est.             1926  Est.           2000  to  2500  on  completion  of 

route  to  Batavia 

"Visibility  of  Approaching  Trains. 

50'  east  of  tracks,  north    5000',  south    3000' 

ioo'  east  of  tracks,  north      600',  south      6oo' 

50'  west  of  tracks,  north    2000',  south    2000' 

100'  west  of  tracks,  north    1000',  south      200' 

"Accident  Record. — Two  minor  accidents  in  10  years. 

"Photographs. — Photographs  attached  at  end  of  report. 


Design  Report 

"Type  of  Elimination. — It  is  possible  to  construct  either  an  overhead  or  i 
subway  elimination.  . 

"The  overhead  type  is  recommended  as  the  most  economical  solution. 

Estimated  total  cost  overhead,  including  property  damage $133,001 

Estimated  total  cost  subway,  including  property  damage 165.0O" 

"While  a  subway  is  feasible,  the  drainage  is  difficult,  requiring  an  expensiv 
sewer  about  2800'  long  estimated  to  cost  approximately  $23,000 

"The  abutting  property  owners  prefer  a  subway,  but  all  this  property  1 
residential,  of  low  valuation.  Considering  the  fact  that  residential  propert: 
of  this  kind  next  to  a  railroad  has  little  value  and  that  the  total  cost  of  th 
overhead  is  materially  less  than  for  a  subway,  it  seems  reasonable  to  adop 
the  overhead  type  of  elimination  for  this  project.  _ 

"Fill  approaches  on  the  west  are  obviously  the  proper  designs.  ti\ 
approach  with  a  short  retaining  wall  on  the  east  is  adopted,  as  it  saves  fror 
$25  000  to  $30,000  over  a  trestle-approach  design,  allowing  for  a  sligh 
increase  in  property  damage  for  three  owners.  This  large  saving  appai 
ently  warrants  the  design,  as  the  extra  property  damage  is  small.  I  he  h. 
approach  is  also  more  permanent  than  the  trestle  design. 

"Location  and  Alignment.  Main  Road.— The  existing  road  location  an 
alignment  is  retained,  as  this  is  obviously  the  best  solution,  considering  th 
village  property  and  the  importance  of  the  highway  (main  Rochester- Burial 
road). 
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"The  skew  angle  of  crossing  could  be  slightly  reduced  by  reverse  approach 
alignment,  but  the  small  saving  in  cost  (approximately  $13,000)  would  not 
warrant  the  adoption  of  the  crooked  approach  alignment  with  more  danger 
and  poorer  appearance. 

"Corporation  Line  Approach  Road. — This  road  has  a  very  small  amount  of 
travel.  We  have  relocated  500'  of  this  highway  to  increase  the  safety  of 
travel  at  the  junction  of  this  road  with  the  main  road. 

"This  relocation  costs  about  S6000  less  than  the  retention  of  the  existing 
location  with  a  high  approach  fill  and  at  the  same  time  increases  the  safety 
of  the  layout. 

"Grades. — Six  per  cent  maximum  approach  grades  are  recommended  on 
account  of  reduced  property  damage,  5  %  is  the  prevailing  maximum  on  this 
route,  but  6  %  will  not  materially  increase  danger,  considering  that  the 
approach  alignment  is  excellent. 

"Sight  Distance. — Vertical  curves  designed  to  give  a  350'  minimum  sight 
distance  on  the  main  road. 

"This  is  the  minimum  desirable  distance  for  a  road  of  this  importance. 

"Minimum  sight  distance  at  intersection  of  main  road  with  corporation 
line  approach  road,  350'. 

"Drainage. — Simple — no  comment  necessary. 

"Roadway  Section. — Thirty-five  feet  top  width  of  fill,  including  side  path 
for  pedestrians  on  north  side.  Width  of  fill  can  be  increased  at  any  time  to 
handle  future  traffic  growth. 

"Provision  for  pedestrians  adds  about  $8000  to  the  cost  of  this  elimination, 
but  is  most  certainly  desirable,  considering  future  growth  of  Churchville 
Village  and  the  heavy  volume  of  highway  traffic. 

"Pavement. — Reinforced  cement  concrete  20'  wide  flared  to  24'  at  bridge 
is  used,  as  this  is  the  main  Rochester-Buffalo  road. 

"Sixteen  feet  bituminous  macadam  is  used  on  the  corporation  line 
approach  road.     The  present  road  is  a  io'  water-bound  macadam. 

"Temporary  Side  Road. — A  temporary  side  road  with  a  24-hr.  watch- 
man at  the  crossing  will  be  necessary,  as  there  is  no  chance  for  a  good  normal 
road  detour. 

"As  the  volume  of  traffic  is  heavy,  this  side  road  must  be  a  good  job;  we 
have  figured  on  16'  width  of  gravel  9"  deep  with  a  grading  width  of  22'  safe 
to  drive  on. 

"The  amount  for  the  watchman  is  figured  as  16  hr.  per  day  over  and 
above  the  present  protection  of  8  hr. 

"Transmission  Line. — The  transmission  line  of  the  Niagara,  Lockport 
&  Ontario  Power  Co.  will  have  to  be  raised.  The  estimated  cost  of  this 
work  is  based  on  an  estimate  furnished  by  the  Buffalo  office  of  this  company 
($5000). 

"Bridge. — Solid  floor-plate  girder  main  span  with  reinforced-concrete 
trestle  approaches  to  eliminate  solid  abutments,  pedestal  and  column  sup- 
ports; 24'  roadway  +  5'  sidewalk;  H-20  loading;  22'  vertical  railway  clear- 
ance; 10'  side  clearance  (outer  rail  to  pedestal).  Making  allowance  for  40 
years  growth  in  traffic  volume  would  probably  justify  a  30  ft.  Roadway. 

"The  use  of  this  type  of  bridge  reduces  the  cost  below  that  required  for  the 
solid  abutment  type  about  $12,000,  including  the  reduction  in  fill  and  pave- 
ment items. 

"The  road  profile  grade  line  is  based  on  a  3.5'  depth  of  floor  system  for  the 
main  span  bridge,  which  is  the  usual  depth  used  by  the  New  York  Central 
bridge     designers. 

"A  reduction  in  floor  depth  to  3.0'  would  reduce  the  cost  of  the  fill 
approaches  approximately  Si 500.  We  recommend  a  3.0'  depth  of  floor 
system  as  being  an  economical  design,  considering  the  total  cost  of  bridge 
and  approaches.      (See  page  206  for  discussion  of  floor  depths.) 

"Detail  Estimate. — A  detail  estimate  of  cost  is  attached. 

"General  Procedure. — I  recommend  a  physical  division  of  the  work,  as 
we  can  get  the  approach  work  done  considerably  cheaper  than  the  New  York 
Central  Railroad,  whose  bridge  contractors  are  not  familiar  with  or  well 
equipped  for  road  work. 

New  York  Central  Ry.      Bridge  and  watchman  at  crossing. 

State  of  New  York.     Approaches  including  temporary  side  road. 

Niagara,  Lockport  &  Ontario  Power  Co.     Transmission  Line. 

(Signed) 

Grade  Crossing  Engineer." 
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PRELIMINARY    REPORT    ON    THE    PROPOSED    PITTSFORD- 

PALMYRA     GRADE-CROSSING     ELIMINATION      (AUBURN 

BRANCH  NEW  YORK  CENTRAL  RY.)  STAS.  o  TO  12  OF  ROAD 

766,  ILLUSTRATING  ECONOMIC  COMPARISON  OF 

DLFFERENT  GRADE  LAYOUTS 

"Summarized  Recommendations. — We  recommend  a  highway  under- 
crossing  at  an  estimated  cost  of  between  §85,000  to  $100,000.  This  esti- 
mate is  based  on  raising  the  railroad  tracks  ij^  to  3'  and  using  a  solid- floor 
single  track  through  girder  railroad  bridge,  E-60  loading,  a  clearance  of  14' 
from  the  bottom  of  the  bridge  to  crown  of  road,  a  26'  right-angle  clearance 
between  bridge  abutments,  a  5%  maximum  highway  approach  grade  on 
straight  alignment,  necessary  cleaning  out  and  deepening  of  creek  channel 
with  enlarged  and  rebuilt  culverts  to  provide  proper  drainage,  and  a  rein- 
forced-cement-concrete  pavement  7%"  average  thickness,  18'  normal  width 
except  under  the  bridge,  where  the  width  is  26'  to  give  an  impervious  surface 
between  abutments. 

"The  decision  in  regard  to  the  amount  of  track  raise  is  based  on  drainage 
difficulty  and  the  comparative  total  cost  of  this  project  as  affected  by  differ- 
ent track  raises.  The  following  tabulation  of  comparative  costs  indicates 
that  a  i^i  to  2'  track  raise  seems  to  be  a  reasonable  solution  and  we  have 
therefore  made  the  rough  layout  and  preliminary  design  on  this  basis.  This 
plan  can  be  easily  modified  to  conform  with  the  ruling  of  the  Public  Service 
Commission,  but  we  do  not  advise  lowering  the  road  grade  below  the  eleva- 
tions shown  on  the  preliminary  plan  dated  June  21,  1923,  on  account  of 
general  drainage  conditions. 

"On  account  of  the  heavy  railroad  grade  to  the  south,  it  is  possible  that 
the  railroad  may  desire  to  make  a  material  raise  in  track  grade  at  this 
crossing.  However,  there  seems  little  justification  for  state  cooperation  in 
the  cost  of  track  raise  of  over  2  to  3'. 

"We  have  recommended  straight  highway  alignment  on  the  score  of 
safety.  The  cost,  including  loss  of  money  in  motor  operation  due  to  extra 
distance,  could  probably  be  reduced  about  $35,000  by  the  use  of  three 
reverse  io°  curves,  but  this  would  add  as  much  danger  due  to  poor  highway 
alignment  as  now  exists  on  account  of  the  grade  crossing.  An  elimination 
based  on  poor  highway  alignment  is  a  waste  of  money. 

"The  following  detail  report  gives  additional  data  in  regard  to  the  neces- 
sity for  this  elimination  and  discusses  the  minor  features  of  design. 

Submitted, 

Assistant  Engineer." 

For  Report  on  Relocation  Eliminations  see  page  775- 

Quick-estimating  Data. — The  following  graphs  and  tabulations 
are  useful  for  preliminary  estimates  in  connection  with  the  selection 
of  the  most  suitable  general  layouts  and  in  estimating  the  cost  of 
large  programs.  All  the  data  given  have  been  used  for  these  pur- 
poses by  the  author  in  western  New  York  and  have  been  found  to 
agree  with  final  contract  plans  within  from  2  to  10%. 

(See  page  648.) 
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RAILROAD  CROSSING  PROTECTION 


Index  of  Quick-estimating  Data 

Quantity  tables  and  diagrams:  Page 

Excavation  and  embankment 648 

Brigde  superstructures 

Railroad  bridges  (structural  steel) 649 

Railroad  bridges  (concrete  in  floor) 651 

Highway  bridges  (structural  steel) 652 

Highway  bridges  (concrete  in  floor) 653 

Highway  bridges  (floor  reinforcement) 653 

Railroad  bridge  abutments 654 

Piling  under  railway  abutments 655 

Highway  bridge  abutments 656 

Highway  bridge  pedestals 656 

Concrete  trestle  approaches 656 

Direct-cost-estimate  tables  and  diagrams  (1925  cost  conditions): 

Unit  costs  1925 661 

Highway  excavation  and  embankments 668 

Railroad  bridge  superstructures  and  track  protection.  .  .  663 

Railroad  bridge  abutments 664 

Highway  bridge  superstructures 665 

Highway  bridge  abutments  and  pedestals 666 

Concrete  trestle  approaches 667 

Retaining  walls 668 

Sewer  drains 669 

Culverts 675 


Cu.Yds.  per  F+.of  Roadway 


Cu.Yds.pf  Ft.  o-f  Roadway 

Fig.  208. — Graph  for  estimating  road  approach  earthwork  grade 
crossing  eliminations. 
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Fig.  209.4. — Open  floor  bridge. 
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Pig.  209.5. — Open  floor  bridge. 
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30 


Span  o-f  Bridge(c+oc.o-f  bearlngs);-fcef 
40  50  60  70  80  90 

iM"l|i  ni|  1  in  |Tiii|i  i'l'  I  I  I  li;  1  II  I  I  I  I  ii|  11  I  1  1  11  1 


10a 

300 


Spanof  Bridge  (0+0  c.  of  bearings), feef 


Fig.   210. — Approximate  weight  structural  steel  through  girder — 
solid  floor  Ry.  bridges  Coopers  E-60  loading. 
Note:   For  E-70  loading  increase  weights  16  % 

For  E-50  loading  decrease  weights  16  %. 


.30 


40 


Length  of  Floor, feet 
50  60  70  SO 


90 


Leng-rh  of  Floor, fee+ 
NOTEi  These  quantities  do  not  include  Girder  Casing 
For  more  than  one  track  multiply  by  number  o-f  tracks 

Fig.  211. — Approx.  amount  of  floor  concrete  and  ballast  single 
track  railroad  girder  bridges  E-60  loading. 
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Cubic  Yards 
50 75 


5000 


50  15 

CubicYards 

Weight,  lb. 

10000 L_ 15000 


100 
20000 


25O00 
1150 


REINFORCEMENT- 
TRUSS.  GIRDER 
AND  BEAM 
BRIDGES  - 


5000 


20000 


125 -fi 

100  i 

c 
«» 

25  "J 


0 
Z5000 


10000       15000 
Weight,  lb. 

NOTE,  These  quantities  are  for  a  24-ft.  Roadway  wldih. 
For  other  widths  use  a  direct proportion 

Fig.  213. — Amounts  of  concrete  in  highway  bridge  floors  H-20 
loading  24  it.  roadway. 

Fig.  214. — Amounts  of  reinforcing  steel  in  highway  bridge  floors 
H-20  loading  24  ft.  roadway. 

Cubic  Yards  (Concrete) 
50  40  30 20 


1000        2000         3000        4000         5000        WOO       1000 
Weight,  lb.  ( Reinforcement) 

Fig.   215. — Amounts  of  concrete  and  reinforcement  concrete  slab 
superstructures.     Highway  bridges  H-20  loading  24  ft.  roadway. 
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NOTE:  H -Height  in  feet  from 
Base  of  Rati  -to  Crown  o-f 
Road  under  Bridge 


[5 


,200 


400 


Cubic  Yards 
WO  800  1000 


1400 


15    en 


Quantifies  are 

for  iwo  abutments     6  -Angle  of  Skew 
\-with  wings  I'-, 

|Qi  1  1  1  1  I  1  1  1  1  I  1  1  1  1  t  1  1  1  1  I  1  1  1  1  I  1  1  1  1  I  1  i'rSPYr 
200  400  &00  800  1000 


1200 


MOO 


10 


Cubic  Yards 

Fig.   216.4. — Concrete  in  railroad  bridge  abutments  N.  Y.  State 

1926  standards. 
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PILING 

Skew  Angle  of  Bridge,degrees 
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Fig.  217. 


20    30     40      50    60     10    80 
Right  Angle     Skew  Angle  oi  Bridge, degrees 
Structure 

NOTE'.  Quantifies  for  2 Abutments  and 4  Wings 
-Amount  of  piling  under  railroad  bridge  abutments. 
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3000 


j  i  iij  i  in 


10 


\_NOTE'.  Quantities  for  2  abutments  and 4  wings 

:  22  ft.  underclearance  bottom  of  bridge  to  top  ofrail 


1 1 1 1 1 1 1 1 1 


Skew  Angle  of  Bridge  .degrees 
20  30         40  50 


I  I  I  l|  I  i  i  i :  1 1 1 1) ii  1 1 


1 1 1  1 1 1 1 1 


60 


n  i|  n  ii 


70, 


i  n  1 1  i  i  i  L|3000 


2500 


2000  ? 


1500 


30  .40  50      ~60  TO1000 

Skew  Angle  of  Bridge, degrees 

Skew  Angle  of  Bridge  =  90  -(acute  angle  between  road  and  track) 

Fig.   2  i 8. — Quantities    for    highway    bridge    abutments    overhead 
bridge  eliminations. 


PEDESTAL  AND  TRESTLE  APPROACH  DATA1 

"Economical  trestle  span  between  bents: 

i6'  bent  spacing  (24'  roadway) $130  cost  per  linear  foot 

20'  bent  spacing  (24'  roadway) 125  cost  per  linear  foot 

25'  bent  spacing  (24'  roadway) 135  cost  rer  linear  foot 

30'  bent  spacing  (24'  roadway) 150  cost  per  linear  foot 

"  Note. — Add  10  %  for  skew.     Add  $20  per  foot  for  sidewalk. 

"Unit  prices: 

1:  2^:  s  concrete  foundations $18  per  cubic  yard 

1:2:4  reinforced  concrete 30  per  cubic  yard 

Reinforcing  steel 6  cts.  per  pound 

Piles 1.20  per  foot 

Per  cent,  reinforced  pedestals,  0.3  (40  lb.  per  cubic  yard). 

Per  cent,  reinforced  columns,  1.2  (160  lb.  per  cubic  yard). 

Per  cent,  reinforced  beams  and  floors,  0.7  (100  lb.  per  cubic  yard). 

Per  cent,  reinforced  T-beam  construction,  1.4  (200  lb.  per  cubic  yard). 

"Modulus  of  rupture  reinforced  concrete  (design  stress),  400  lb. 

"Allowable  foundation  pressures: 

Ordinary  clay  and  sand  mixed 2  tons  per  square  foot 

Soft  clay 1  ton    per  square  foot 

Stiff  clay 4  tons  per  square  foot 

Gravel  and  sand 4  tons  per  square  foot 

Rock  (poor) 5  tons  per  square  foot 

Rock  (good) 25  tons  per  square  foot 

"Piles,  17-ton  maximum  per  pile. 

"Concrete  weighs  4000  lb.  per  cubic  yard. 

"Conservative  design,  H-20  loading." 

1  Compiled  by  W.  G.  Harger,  1924. 


QUANTITIES 

Overhead   Highway   Bridge   Pedestal  Supports 
"Quantities  for  four  pedestals. 

''Foundations  (Ordinary  soils  2  tons  per  square  foot). 
"Piles  if  used  (17  tons  per  pile  maximum). 

50'  main  span 48  piles  minimum 

75    mam  span s6  piles  minimum 

100    main  span 68  piles  minimum 
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"Four  foundations   1:2^:5  concrete  at  $18  per  cubic  yard,  steel  rein- 
forcement, quantities  as  follows: 


50    main  span 

75'  main  span 

ioo'  main  span 


Concrete, 
cubic  yards 


Steel, 
pounds 


50 
62 

74 


2000 
3000 
4000 


"Four  columns  1:2:4  concrete  at  $25  per  cubic  yard  (20'  seat  to  top  of 
foundation,  quantities  as  follows: 


50    main  span. 

75'  main  span. 

100'  main  span. 


Concrete, 
cubic  yards 


Steel, 
pounds 


80 
86 
92 


3200 
3400 
3700 


"Load  on  each  pedestal  footing: 

50^  main  span 250,000  +  160,000  =  410,000 

75   mam  span 310,000  -f-  170,000  =  480,000 

100   mam  span 380,000  +  180,000  =  560,000 


"Bottom  dimensions  of  pedestal  footings  (ordinary  soils) ; 


50'  main  span 

75'  main  span 

ioo'  main  span 


Area, 
square  feet 


100 
120 
140 


Dimensions, 
feet 


10  by  10 

11  by  11 

12  by  12 


Superstructure  (H-20  Loading) 
(Quantities  per  foot  of  length,  using  24'  roadway) 
"Slab  type  (24'  roadway)  as  follows: 


16'  span  between  bents 
20'  span  between  bents 
25'  span  between  bents 
Stiffener  braces 


Concrete, 
cubic  yards 


Steel  rein- 
forcement, 
pounds 


1 .67 
2.05 
2  .42 
0.20 


168 

202 

250 

20 
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"Reinforced  concrete,  stringer  type  (24'  roadway)  as  follows: 


Concrete, 
cubic  yards 

1 
Steel  rein- 
forcement, 
pounds 

1 6'  span  between  bents 

20'  span  between  bents 

1.89 
2.08 

2.44 
2.89 
0 . 1 

380 

420 

Soo 

580 

20 

25'  span  between  bents 

30'  span  between  bents 

Stiff ener  braces 

"Six  stringers  spaced  5'  06". 

"Ten-inch  floor  slab,  stringers  as  follows: 

16'  bents,  12"  wide,  42"  deep 
20'  bents,  15"  wide,  42"  deep 
25'  bents,  18"  wide,  48"  deep 
30'  bents,  24"  wide,  48"  deep 

"Note. — Where  sidewalk  is  used  add   15%  to  above  quantities.     For 
H-15  loading  reduce  quantities  20  %. 


Two  Post  Bents  (Cross-beams  and  Braces) 


■Surface  of  Roadway 


Two-span  bents 


Concrete, 
cubic  yards 


Steel, 
pounds 


1 6'  span  between  bents  (24  by  78") 
20'  span  between  bents  (24  by  84") 
25'  span  between  bents  (30  by  90") 
30'  span  between  bents  (30  by  96") 


9-7 
10.5 
13.0 
14.0 


1350 
1450 
1950 
2100 


End  bents 


16'  span  (24  by  66") 
20'  span  (24  by  72") 
25'  span  (30  by  72") 
30'  span  (30  by  84") 


Concrete, 
cubic  yards 


8.5 

9.0 

10.5 

12.5 


Steel, 
pounds 


1150 
1250 
1600 
1850 


"Notes. — The  quantities  given  (concrete)  deduct  stringers,  that  is 
stringers  and  floor  slab  are  computed  by  multiplying  quantities  by  ful 
length  of  approaches. 

"If  sidewalk  is  used  add  15%  to  these  figures.  For  H-15  loading  reduce 
quantities  20  %. 
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Two  Post  Bents 

(Quantities  for  two  posts  per  foot  height  between  bottom  of  cross-beam  and 

top  of  spread  foundations) 


i 


,  Road  Grade 


(,-hS 


V 


N 


//ryry       Xff 


Ground  Sur-race  .^ 


'.Normal , 
■  heigrrrfor 
'  .spans  neat 
\  bridge  17' 


t                 .                                            Concrete, 
Two-span  bents                                   cubic  yards 

Steel, 
pounds 

16'  span  (24  by  24") 

20'  span  (24  by  24") 

25'  span  (24  by  30") 

0.296 
0.296 
0.370 
0.370 

47 
47 
60 
60 

30'  span  (24  by  30") 

End  bents 

Concrete, 
cubic  yards 

Steel, 
pounds 

16'  span  (24  by  24") 

20'  span  (24  by  24") . , 

0  .296 
0  .296 
0.370 
0.370 

47 
47 
60 
60 

25'  span  (24  by  30") 

30'  span  (24  by  30") 

1 
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Two  Post  Bents  (24'  Roadway) 
Foundations 


Ground  Surface. 


122 


1  i  ! 
1  1 


,'/?  *>Af  * 


■1  v 


'  i  I 


%&*±±± 


■€ 


a' 


/     flor^  spaced  12 


'Load  on  each  footing. 


Two-span  bents, 
pounds 


End  bents, 
pounds 


16'  span 
20'  span 
25'  span 
30'  span 


160,000 
190,000 
240,000 
310,000 


16'  span  125,000 
20'  span  145,000 
25'  span  180,000 
30'  span  225,000 


Piles  if  used  for  each  column  footing  (20  to  30'  long): 


1 6'  span 
20' span 
25'  span 
30'  span 


5  piles 

6  piles 

7  piles 
9  piles 


4  piles 

5  piles 

6  piles 

7  piles 


"Quantities  for  two-column  footings  (ordinary  foundation  soil,  2  tons  p 
square  foot) : 


Two-span  bents 


End  bents 


Concrete, 
cubic  yards 


Steel, 
pounds 


Concrete, 
cubic  yards 


Steel. 
pounds 


16'  span 
20'  span 
25'  span 
30'  span 


9.2 
12  . 1 

15.4 
20  .0 


470 
560 
670 
800 


8.0 
9.2 

12 . 1 
13-7 


430 
470 
560 
610 


"  Eottom  dimensions,  column  footings: 


Two-span  bents, 
area,  square  feet 


End  bents,  area 
square  feet 


16'  span 
20' span 
25'  span 
30'  span 


40 
50 
60 
80 


6  by  6 

7  by  7 

8  by  8 

9  by  9 


30 
35 

45 
55 


5  by  6 

6  by  6 

7  by  7 

7  by  8 
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UNIT  PRICES  BRIDGE  AND  GRADE-CROSSING  WORK 

Compiled,  1925,  by  W.  G.  Harger  for  Western  New  York  Conditions 


Item 


Unit  price 


I 

2(1 

2b 

2C 
2d 


2/ 
2g 
3d 

Zaa 

3b 
3C 
3d 


6 
la 
7b 
10 
13a 
13* 
13c 
13d 
i3e 
13/ 
I3g 
13ft 

16 
17 


Clearing  and  grubbing 

Earth  excavation  (borrow  pit) 

Earth  excavation  roadway,  common .  . 

Earth  excavation  foundations  and  cul- 
verts (dry) 

Earth  excavation  foundations  and 
culverts  (wet) 

Earth  excavation  slip  scraper  ditch 
work 

Earth  excavation  sewers 

Backfill  (abutments) 

Rock  excavation  common  roadway 
(shale) 

Rock  excavation  common  roadway 
(hard) ...._ _ 

Rock  excavation  in  foundations  (dry) 

Rock  excavation  in  foundations  (wet) 

Rock  excavation  removing  old 
masonry 

Overhaul 

Sewer  pipe. . 

4"  underdrain 

6    underdrain 

Relaying  old  pipe 

12"  cast-iron  pipe  (medium  weight).  . 
14"  cast-iron  pipe  (medium  weight).  . 
16  cast-iron  pipe  (medium  weight). . 
18"  cast-iron  pipe  (medium  weight). . 
20"  cast-iron  pipe  (medium  weight) . . 
24"  cast-iron  pipe  (medium  weight) .  . 
30"  cast-iron  pipe  (medium  weight) .  . 
36"  cast-iron  pipe  (medium  weight) . . 

Pointing  old  masonry 

Rip-rap 

Piles 

Timber  and  lumber 

Portland  cement 

1:  2:  4  concrete1  (jack  arch  floor) 

1:2:4  concrete1  (formed  floor) 

1:2:4  concrete1  (slabs) 

1:  2:  a  concrete1  (trestle  designs) 

1  '•  2/'2  •  5  concrete1  foundations 

1:23^:5  concrete1  abutments  (large 
work) 

1:2^:3  concrete1  abutments  and 
pedestals  (small) 

1:3:6  concrete1  pipe  jackets 

Concrete1  curbing 

Curb  bar ._ 

Concrete  gutter  (cement  incl.) 

Cobble  gutter  (cement  joints) 

Metal  reinforcement  concrete  pave- 
ment   

Bar  reinforcement  concrete  pavement 

Structural  steel 

Truss  bridges 

Plate  girders 

Rolled  stringers 


Special  each  case 
$0.70  per  cubic  yard 
0.90-1 .50  per 

cubic  yard 
2.00-2.50  per 

cubic  yard 

4.00  per  cubic  yard 

0.75  per  cubic  yard 

Included  in  pipe  price 

1.25  per  cubic  yard 

2  .00  per  cubic  yard 

2  .50  per  cubic  yard 
6.00  per  cubic  yard 
8.00  per  cubic  yard 

4 .  00  per  cubic  yard 
0.007-0.01  per 

station  yard 

(See  sewer  diagrams) 

0.25  per  linear  foot 

0.35  per  linear  foot 

o  .  20  per  linear  foot 

3  .  50  per  linear  foot 
4.50  per  linear  foot 
5  .70  per  linear  foot 
7  .00  per  linear  foot 
8.50  per  linear  foot 

10.00  per  linear  foot 
15  .00  per  linear  foot 
20.00  per  linear  foot 

0.05  per  square  foot 

2.50  per  cubic  yard 

0 .90—1 .20  per 

linear  foot 
80.00  per  thousand 

3  .  20  per  barrel 
18  .00  per  cubic  yard 
20.00  per  cubic  yard 
20.00  per  cubic  yard 
25  .00  per  cubic  yard 
10.00  per  cubic  yard 

14.00  per  cubic  yard 

16.00  per  cubic  yard 
10.00  per  cubic  yard 
25  .00  per  cubic  yard 

0.30  per  linear  foot 
18.00  per  cubic  yard 

1 .25  per  square  yard 

0.035  per  square  foot 
0.05  per  pound 

0.075  per  pound 
o  .07  per  pound 
0.06  per  pound 


1  Concrete  prices  do  not  include  cement. 
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UNIT  PRICES — Continued 


Item 
number 


Item 


Unit  price 


32a 

33 

33H 

34 
35 
36 
37 
38 
39 
41 
42 

44 
45 
46 

47 

Sic 

54 
55 
56 

61 
62 

63 
66 

71 
75 
76 


Bar  steel  (in  structures) 

Miscellaneous  iron  and  steel 

Corrugated  iron  for  bridge  floor  jack 
arches 

Wooden  guide  rail , 

Cable  guide  rail , 

Concrete  guide  posts 

2"  pipe  railing 

Preparing  fine  grade 

Run-of-bank  gravel  foundation 

Field  or  quarry-stone  foundation 

Run-of-bank  gravel  bottom 

Broken-slag  bottom 

Broken-stone  bottom 

Concrete  foundation  for  pavement 
(cement  not  included) 

Bituminous-macadam  top  (bitumen 
not  included) 

Concrete  pavement  (cement  not  in- 
cluded)   

Brick  pavement* 

Stone- block  pavement* 

Trimming  shoulders 

Broken  slag  (loose) , 

Screened  gravel  (loose) , 

Broken  stone  (loose) 

Bituminous  material  A   (penetration) 
Bituminous  material  T  (penetration) 

Maintaining  traffic _ 

Resetting  wooden  guide  rail 

Waterproofing 


5o .  06  to  So .  07  per  pour 
0.10  per  pound 


0.20 
0.75 
1. 25 
3.25 
3.00 
0.10 
3.00 
4.00 
3.5o 
6.00 
7.00 


per  square  foo- 
per  foot 
per  foot 
each 
per  foot 
per  square  yar 
per  cubic  yard 
per  cubic  yard 
per  cubic  yard 
per  cubic  yard 
per  cubic  yard 

7 .00  per  cubic  yard 

9 .  00  per  cubic  yard 

10 .00  per  cubic  yard 
3  .50  per  square  yai 
5.50  per  square  yai 
0 .  10  per  linear  foot 
m  of  roc 
4 .  00  per  cubic  yarc 
3.00-4.00  per 

cubic  ya: 
4 .  50  per  cubic  yarc 
o .  1  s  per  gallon 
0.17  per  gallon 
0  .20  per  foot 
o  .50  per  foot 
0 .  10  per  square  foe 


*  Does  not  include  concrete  base. 

Miscellaneous  Items 

Labor  raising  track $  0.80  per  linear  foot  per  foot  rais< 

Pile  temporary  track  protection  dur- 
ing construction  of  railway  bridges     30.00  per  foot  per  track. 

Cost  of  Interurban  Electric  Track  Work 

Ballast,  ties,  poles  and  wiring $5  per  ft.  single  track. 

Steel  rails $1 .50  per  ft.  single  track. 
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Skew  Angle  of  Bridge.dcgrees 
20  30  4-0  50 


60 


60 


'i  1 1 1 1 1 1 1  1  mi  ii  1 1 1 11 1 1  1 1 1 1 1 1 1 1  1 1 1 1 1]  1 1 1 1 1 1 1 11  |,i  1 1 1  n  I'll)  1 1 1  nil  1 1 

\NOTB'.  These  costs  are  for  a  26- ft.  highwa y width 
L    between  abutments  measured  at  right  angles 
:     to  highv/ay  center  line  and  requiring  a  33-ft.span 
-—  Railroad  Bridge  for  a  right'angle  structure. 


70. 


c 
o 


30 


20 


TtttX-10 


60 


:     /xv  0  #7er  highway  widths  0  fapproxlmate  same  Span,      : 

-  useadirecf right  angle  span  proportion  forthe  - 

-  desired  width.  /.  e;  for  a  32- ft.  highway  requiring 
50  -—ci  39- ft.  rightangle  span  usea  ratio of 'W33 ~JJS • 

:     for  quantities  desired.  This  is approximate 
--    only  and  must  not  be  used  for  large  difference 
:     in  right  angle  span. 
4fl  : —  For  large  differences  figure  requiredspan 
:    and  use  table  given  below, 
rcosr ny.  Superstructure e-go 


50 


40" 


10  rj^£r3mTresHe-Ooub[e Trac]£^£^ 

h +1 7emporaru  Ires7/ejs/hgle7racj^ 

— r     r — T  T 

I   I    I  I    I    I    1   I    I    I    I    I    I    I    I    I  I    I    I    I   I    I    I   I    I    I  I    I   I   I   I    ■    H  I    I  I 


10 


1 1 1 1 1 1 


30 


20,3 


10 


60         76 


20  30  40  50 

Skew  Angle  of  Bridge;degrees 
NOTE '.Skew  angle =90  °-(acuh  angle  between  Track  and  Road  Center  Linej 
Add  16  %  for  E-  70  Loading        Deduct  16%  for  ESO  Loading 
Fig.  219. — Cost  diagrams  railroad  bridge  superstructures. 
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Skew  Angle  of  Bridge,cUgrees 
20  30  40  50 60 

|IIM|III 


Fig 

Note: 


20  30  40  50 

Skew  Angle  of  Bndge^egrees 

NOTE;  Skew  Angle  =  90  "-(acute  angle  between  center  lines , 
Highway  and  Railway  Track) 

.   220. — Approximate  railroad  bridge  abutment  costs. 
All  costs  are  for  2  abutments  and  4  wings  unit  costs 
conditions  page  661. 
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COSTS 

Span  of  Bridge  (croc,  of  bearings),feet 
40  50  60 10  80  90 
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60  10      ,    80  90 

Span  of  Bridge  (c.foc.  of  beanngs),feef 
Typical  Plate  Girder  Cost  Curves,  H-/5  Loading  (/5-Ton  Trucks) 
Encased  Floor  System  to  protect  Steel  from  Locomotive  (bases 

JtO'"1'"^ 


Span  of  Bridge  (.cfo  c. of  beanngs)fee+ 
NOTE'.  Add  $300  -for  Skew  Bridge 


90 


Add  $50  for  Bearing  Plates  30-  60  Spans  /<*<^ 
Add  $500  for  Roller  Bearings,  60-100  '»/$$*  I 
Add  $fS 'per  ft  for  one  5-fl.  Sidewalk '  -1,0'       J^cA ' 


rrnrao 
*&$—- 20,000  « 


w 


[Un/t  Costs'       m  L' 

JSlruchral Sleel^O.07 per Ib.in place         ^^fc^   ' '<Xsii<$ 
\Bar Reinforcement &O.O6j>erlb.in0/aCe    L     'qqQ 
'floor  Concrete  $2S.0ppfocuM.in'ptece^^.$-  *!_ 


**jn 


15,000    »~ 


^10,000  2 


5000 


60  70 

Span  of  Bridge  (c.fo  c.  of  bearings),  feef 

Typical  Plate  Girder  Cost  Curves,  H-20  Loading  (20-Ton  Trucks) 
Floor  Steel  encased  in  Concrete  to  protect  from  Engine  Gases 

ig.   221. — Typical  cost  curves  plate  girder  highway  bridge  super- 
structures. 
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Railroad  crossing  protection 


Right  Angle 
■Structure 

60,000  mrn 


*   50,000 


c 


40.000 


30.000 


20,000 


«*  10,000 


I  I  1 1 1  I  I 


Skew  Angle  of  Bridge^degrees 

20  30  40  50 

1 1 1 1 1 M 1 1 1 ii  i  p  j  1 1 1 1 1 1  •  1 1 1 1 


Highway  Bridge  Abutments 
Overhead  Eliminations 


RightAngle 
Structure 


20 


>  1 1 1 1 1 1 1 


50 


30  40 

Skew  Angle  of  Bndge,degrees 


60 


70 


Skew  Angle =(90  -acute  angle  between  Road  and  Track) 

Fig.  222. — Approximate  costs  overhead  highway  bridge  abi 
merits.  Masonry  costs  2  abutments  and  4  wings  22  ft.  undercle; 
ance  bottom  of  bridge  to  top  of  rail.  Unit  cost  $18  per  c. 
concrete.     Figure  exc.  separately.     Figure  piles  separately. 


Span  of  Bridgeyfk 
50  15  100 


.  10,000p  1  1  1  1  1  1  1  1 


O 
-T3 


CD 
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S 
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'Pile  Foundations  A 


a. 


1 1  1 1 1 1  1 1  UIC  D00 


—  Ordinary  Earth     _ 

-  Foundations 
~i  1  1  1  I  1  11  1  I  1  1  1  1  1  1  1 


5000 


0 


J3 
"o 

15 

o 


Q- 

< 


:: 


50  15  100 

Span  of  Brldge/fh 

Fig.  223. — Approx.  cost  4  pedestal  supports.  Overhead  hig 
way  bridge  H-20  loading  (24'  roadway).  Used  in  connection  wi 
trestle  approaches.      Excavation  for  4  pedestals  approx.  $500. 
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Height  o-f  Tres+le,f4.  (road  surface  to  ground) 


Height  of  Trestte,ft  (road  surface  +0  ground) 

Approximate  Cost  Concrete  Approach  Trestles  -j. 
20-Ton  Trucks  (H-2OLoadingj(2O-ft.BentSpacin0 

NOTE '  Add  $  18  per  ft  Tor  one  S-fi  sidewalk 
Add  $  20 per  ff  for  pile -foundations 
Deduct  15%  for  H-IS  loading 

UNITPRICES  g 

I '.2}2-'S  Concrete  Foundations  *l8percu.ya. 


1:2:4  Concrete 
Steel  Rein  forcemen  t 


*30 

ro.oe 


Price  for  l'.2'4  Concrete  made  up  of 
$0.  SO persq.  ft.  for  forms 
&  14.00 per  cu.yd  for  concrete 

.   224. — Typical  costs  highway  concrete  trestle  approaches  grade 
crossing  eliminations. 


668 


RAILROAD  CROSSING  PROTECTION 


120 


100 


80 


60 


Depf  h  of  Cut  or  Fill  ,feef 
10 15  20 


40 


Q. 

<"20 


i — i    I    i — r-r— i — n — | — t 


l    I    I.   I    I    I   l — r 


25 


30, 


74 

V  / 


— 7 

/A 
// 


/ 


T 


NOTE:  Unit  Cos  f  &1. 25 p er  cu.yd.        3 


'''''' 


'  ■   '   ' '''' 


iv  15  20  25 

Dep+hof  Cu+orFill,feef 


!20 


100  o 


80  £ 


c-0 


40- 


E20  £ 


3j 


0  5 

Fig.  225. — Typical  costs  highway  earthwork  on  approaches  gra> 
crossing  eliminations. 


Height  of  Wall  ,f  eef 
10  15  20 


25  ,  ,  ,  30nr 
»  1  1   fjub 


NOTE  UnH-Cos+tl8percu.yd. 


-J 
^0 


10  15  20  25  _       30 

Height  of  Re+aining  Wall  (+op4oboHom  of  "foundah'on)feet 

Fig.  226. — Typical  cost  curves  gravity  concrete  retaining  wal 
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COSTS 

Dcp+h  o-f  Sewer  Invert  below  Ground  Surface, -fr. 
5  10  15  20  25  30 
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15  * 
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10 


15 


20 


25 


30 


Depth  of  Sewer  Invert  below  Ground  Surface,^. 


Pig.  227. — Typical  cost  of  sewers  including  trench  work  as  well  as 
sewer  proper  (1922  cost  conditions). 

Graph  No.  1  showing  estimated  contract  costs  per  linear  foot  of 
nitrified  pipe  sewers  at  different  depths. 

Note. — These  prices  based  on  double  strength  pipe  with  cement 
oints. 

If  concrete  jacket  is  used  add  item  No.  55  to  these  prices. 

If  asphalt  joints  are  used  add  item  No.  19A  to  these  prices. 
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Depth  of  Sewer  Invert  below  Ground  Surface,  ft. 


20  25  30  ,^ 

1  1  1   1    I  1   1  1  1  j45 


5  10  15  20  25 

Depth  of  Sev/er  Invert  below  Ground  Surface,  ft. 

Fig.  227. — (Continued.) 

Graph  No.  2  showing  estimated  contract  costs  per  linear  foot  o: 

circular  monolithic  plain  concrete  sewers  at  different  depths. 

General  Sewer  Cost  Data 

City  of  Lima  Ohio  &  Adjacent  Territory 

Prepared  by 

Fuller  &  McClintock 

1921 


COSTS 
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Table  Showing  Minimum  Amount  of  Class  "B"  Concrete 
Jacket  per  Lin.  Ft.  of  Pipe  Sewer 


Size  pipe, 

Number  of  c.  v.  concrete  jacket 

diameter  in  inches 

per  lin.  ft.  of  sewer 

8 

0.030 

10 

0.03S 

12 

0.04 

15 

0.05 

18 

0.09 

20 

0.  10 

22 

0.  11 

24 

0.  12 

Table  Showing  Minlnum  Amount  of  Class  "B,: 
Cradle  per  Lin.  Ft.  of  Pipe  Sewer 


Concrete 


Size  pipe. 

Number  of  c.  y.  concrete  cradle 

diameter  in  inches 

per  lin.  ft.  of  sewer 

27 

0.32 

30 

0.34 

36 

0.39 

42 

0.4S 

48 

0.50 

54 

o.S7 

60 

0.63 

Basic  Data  192 i  Scale  of  Prices 

Common  labor So .  40  per  hour 

Hauling o .  30  per  ton  mile 

Coal  (f.o.b.  cars  Lima) 5  .  00  per  ton 

Cement  (net  bags  returned) 2 .  50  per  bbl. 

Crushed  stone  (delivered  on  the  work) 2 .  00  per  c.  y. 

Concrete  sand  (f.o.b.  cars  Lima) 2 .  15  per  ton 

Sewer  brick  (f.o.b.  cars  Lima) 14.  00  per  M. 

Timber  for  bracing 43 .  00  per  M.  ft.  B.M. 


Tile  pipe 


Size 
8 
10 
12 
15 
18 
20 
22 
24 


Price 

0.31 

0.46 
0.59 
0.79 
1.  10 
1.32 
1.76 
1.98 


Fig.  227. — (Continued.) 
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Leng+h  of  CuIverT,fee+ 
4-0  45. 50 


40  4-5  50 

Length  of  Culver^  feef 

Fig.   228. — Approx.  cost  of  culverts  (exclusive  of  excavation)  N.  Y. 

State  standards. 

Note:   Cast  iron  pipe  not  economical  over  18"  dia. 


CHAPTER   X 
MINOR  POINTS  OF  DESIGN 

For  convenience  of  reference  this  chapter  gives  a  few  illustration: 
of  current  practice  in  connection  with  incidental  features  of  roac 
construction,  such  as  guide  rails,  retaining  walls,  curbs,  sidewalks 
cobble  ditch  protection,  guide  and  danger  signs,  snow  fences,  etc 
These  data  are  perhaps  unnecessary  but  incidental  information  i 
useful  in  emergencies  and  gives  the  student  some  idea  of  curren 
practice  in  minor  details. 

Guard  Rail. — The  guard  rail  serves  two  purposes,  to  warn  and  t 
protect.     If  protection  is  essential  at  really  dangerous  points 


*216" 


This  5'gn  every  10Cft:(approx.)with  BlacKRiint 


ZCoatiWhiteLeadandOif.  U 


2"Steelor  W't.  Iron  Pipe  •.. 


'6  < 


•<?'<?•■ 


c=»=0 
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IronPin,g'Di'amt  6'lonij'' 


Fig.   229. — Wooden  guide  rail  (New  York  State  1921). 
is  a  warning  rail  only. 


This  typ 


V, 
I: 


solid  retaining  wall  is  desirable.  Most  types  of  so-called  guard  ral 
serve  more  in  the  nature  of  a  warning  than  as  an  actual  protectioi 
Wooden  structures  require  continual  maintenance,  and  for  th 
reason  concrete  posts,  rail,  and  steel  cables  have  been  used  on  tr. 
score  of  reducing  the  necessity  of  continual  repair.  Figures  22 
to  233  show  usual  types. 

Retaining  Walls. — In  unusual  cases,  retaining  walls  are  needed  i 
road  construction.  Plain  or  reinforced-concrete  walls  are  generall 
used,  the  selection  depending  on   the  relative  cost.     The  plai 
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concrete  wall  is  considered  the  best  type  for  heights  up  to  12'; 
the  reinforced  cantilever  form  from  12  to  18';  and  above  18',  the 
buttressed  design.  Standard  practice  for  the  plain  and  reinforced 
cantilever  types  page  682.  The  necessity  for  walls  higher  than  18' 
is  very  rare.  For  the  design  of  butressed  walls  the  reader  is  referred 
to  the  standard  works  on  reinforced  concrete. 

Retaining  walls  are  usually  built  in  monolithic  sections  of  20 
to  25'  in  length;  expansion  joints  are  provided  between  these  sec- 
tions. The  expansion  joints  may  consist  simply  of  a  plane  of 
weakness  between  the  sections,  produced  by  allowing  one  section 
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Posts  to  be  at  least  G  "in  diam.  or  6  'square. 

Bark  to  be  removed 'from posts and knots  hewn flush.  Both 
round  and  square  posts  shall  not  be  used  on  one  contract. 

All Posts  to  be  heavy  brush-  coated  with  creosote  oil  on  bottom 
and  sides  for  distance  of '4 '/2 feet 

All  Joints  to  be  painted  before  assembling  and  all  exposed  surfaces 
to  have  3  coats  ofwhite  lead  and  linseed  o/'l^  brushed  in  thoroughly 

WOODEN  GUARD  RAILING 

Fig.  229A. — Wooden  guide  rail  U.  S.  Bureau  Public  Roads  1926. 

:o  set  before  building  the  adjacent  wall,  or  it  may  be  a  key  joint 
is  shown  in  Fig.  236,  and  the  plane  of  separation  may  be  made  more 
I  pronounced  by  coating  the  concrete  with  a  thin  layer  of  asphaltum 
•  )r  pitch  (Fig.  236^4). 

Repointing  Masonry  and  Refacing  Old  Walls. — Old  masonry 

tinctures  can  often  be  used  complete  or  in  part  by  repointing  the 

joints;  they  should  be  cleaned  out  thoroughly  with  a  chisel  and 

illed   flush   with    1:1    Portland-cement   mortar.     The   old  joints 

(text  continued  on  page  681.) 
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Posts  tobe  at  feast  6  ihdiam.or  6  square 

Bark  to  be  removed  from  posts  and  knots  hewn  flushyboth  round  and 
Square  posts  shall  not  be  used  on  one  contract 

All  Posts  to  be  heavy  brush  -coated  iv/fh  creosote  oil  on  bottom  and 
sides  up  to  a  point  8" above  ground 'level 

All  Joints  to  be  pain  ted  before  assembling  and  all  exposed  surfaces 
tohave  3coats  of  white  lead  and  li'nseedo'il, brushed  in  thoroughly 

WOODEN  HUB-HI6H  GUARD  RAIL 

Fig.  229B. — Typical  wooden  hub  guard.     U.  S.  Bureau  Public  Roac 

1926. 
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Fig.   230. — Concrete-wooden  guide   rail    (New   York   State    1922). 
This  type  is  a  warning  rail  only. 
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Fig.   231. — Cable  guard  rail  (Penn.  1924).     This  type  gives  some 

protection. 
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should  be  well  cleaned  out  and  hook  dowels  used  as  shown  in  Fig. 
237.     One  dowel  every  6  sq.  ft.  is  good  practice. 

The  concrete  facing  should  be  at  least  1 2"  thick,  have  a  good  foot- 
ing course,  and  be  reinforced  to  prevent  settlement  and  tempera- 
ture cracks. 

Toe  Walls. — Toe  walls  are  nothing  more  than  low  retaining  walls 
or  very  substantial  curbs.  They  are  used  in  cuts  on  the  outside 
of  the  gutters  to  prevent  unstable  side  slopes  from  filling  the 
gutters  or  heaving  them  out  of  shape  by  sliding  pressure.  Figure 
238  gives  a  section  of  Eden  Valley  Hill  near  Buffalo,  N.  Y.,  where  a 
clay   quicksand   cut   was   successfully  protected  in  this  manner. 

Curbs. — Curbs  are  constructed  of  stone  and  of  concrete  (Fig. 

239)- 

Stone  Curbs. — The  cuts  given  show  the  methods  of  setting; 
the  size  of  curbstones  for  first-class  work  range  from  16  to  22" 
in  depth,  5  to  6"  in  thickness,  and  3  to  5'  in  length.  For  small 
villages,  curbstone  of  4"  width  set  in  the  simplest  manner  shown  is 
satisfactory.     The  stones  most  used  are  granites,   bluestones  of 
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\.Dead 
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Fig.  233. — Typical  reinforced  concrete  rail  with  post  anchor 
blocks.  This  type  gives  some  real  protection  as  well  as  acting  as  a 
warning. 

New  York  State,  and  the  tougher  sandstones,  such  as  Medina, 
Berea,  Kettle  River,  etc.  The  prices  range  widely,  depending  on 
the  locality  of  the  work. 

Curb  Radii. — A  good  radius  for  drives  is  4';  for  right-angle  main- 
street  intersections,  13'.  For  acute  or  obtuse  angles  10  to  20'. 
Figure  240  shows  a  satisfatory  sidewalk  corner  used  in  Rochester, 
N.  Y.  Where  the  street  width  and  sidewalk  layout  permit  a 
longer  curb  radius  without  inconvenience  to  pedestrians,  the 
present  tendency  is  to  increase  the  curb  radius  to  25'.  This  per- 
mits the  ordinary  car  to  make  the  turn  easily  without  swinging  out 
from  the  curb  traffic  lane.  This  applies  mainly  to  side  streets 
intersecting  with  congested  main  streets. 

Cobble  Gutters,  Brick  Gutters,  Ditch  Linings,  Etc. — Cobble 
gutters  are  used  to  protect  the  ditches  from  wash  on  steep  grades 
and  at  entrances  to  intersecting  roads  where  there  is  not  sufficient 
headroom  for  a  culvert,  also  at  the  entrances  to  private  property 
where  the  grade  line  of  the  ditch  might  be  badly  cut  by  vehicles. 
Where  cobblestones  are  not  available,  ordinary  building  brick  may 
be  used,  or  No.  4  crushed  stone  as  shown  in  Fig.  241. 
(text  continued  on  page  687.) 
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Fig.   234. — New  York  State  standard  retaining  walls. 
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Reinforcing  Steel  Bars  of  Deformed  Section 
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6V 

O.601 
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O.601 

< 

O.601 

a¥ 

O.601 

a" 

O.994 

6" 

O.994 

s¥ 

O.994 

5" 

O.994 

42 

O.994 

4s 

Length 


12-2 

i4'-5  ' 

i6'-8  " 

i7'-9  " 
i8'-ioi" 
2o'-o  " 

2l'-I 

22-3 


lit 
2 


Keel 


Toe 


Net 
Area 


0.442 
O.442 
O.442 
O.601 
O.601 
O.601 
O.78S 
0.785 
O.785 
O.785 


Spacing 
C-C 


l¥ 

sr 
6r 

r-3." 
58 
.3// 
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4¥ 
.2  it 

As 


Length 
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0.442 

S'-5*# 
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6'-o" 
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6'-6" 
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8'-7'' 

0.785 
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Area 


Spacing 
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92 

8i" 

7i' 
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~3V 

7s 

6r 

/8 
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Length 


s'-s¥ 
3-8" 

4"°5 

4,-4^/ 
4'-9" 

s'-*¥ 
s'-6" 

6,-2r/ 

6,-7" 


1  In  each  set  of  3  bars  in  stem,  first  bar  which  is  of  length  given,  extends  t 
top  of  wall,  second  bar  to  height  $i  H,  third  bar  to  height  HH. 

When  Type  W  is  used  as  a  bank  wall  (that  is,  above  the  roadway),  ma: 
H  =  20';  min.  X  ==  2'  for  H  of  s  to  io';  and  0.2  H  for  H  greater  than  10 

When  Type  W  is  used  as  a  sustaining  wall  (that  is,  below  the  roadway 
max.  H  =  13';  and  min.  X  =  3',  except  where  foundation  is  rock  or  entirel 
below  frost. 

When  Type  R  is  used  as  a  bank  wall,  max.  H  =  20';  min.  X  =  0.15  1 
for  H  greater  than  io'. 

When  Type  R  is  used  as  a  sustaining  wall,  max.  H  =  13';  min.  „Y  =  0.2 
H  for  H  greater  than  io'. 
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Fig.  235. — State  of  Pennsylvania  retaining  walls. 
(To  accompany  Table  117  page  683.) 
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Fig.  237. — Facing  old  masonry. 
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Fig.  238. — Typical  toe  wall. 
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Fig.   239. — Typical  curb  details. 
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Fig.  239A. — Typical  curb  details  U.  S.  Bureau  Public  Roads  (1926) 


: 


Concrete  gutters  are  in  common  use  but  are  not  so  satisfactory 
is  the  cobble  or  brick  gutter  except  on  short  hills  where  the  gutter  is 
iirectly  adjacent  to  a  concrete  pavement.  m 

Catch  Basins. — Figure  242  shows  ordinary  rural  highway  catch 
basins  and  drop  inlets.  Figure  243  shows  a  satisfactory  curb 
nlet  city  or  village  catch  basin.  Catch  basins  are  to  be  avoided 
)n  rural  highways  if  possible  as  the  grate  tends  to  clog  and  cause 
Donding.  Where  they  are  necessary,  some  clear  opening  not 
mtirely  covered  by  the  grate  should  be  provided.  _ 

Guide  and  Danger  Signs.— Signs  add  to  the  convenience  and 
safety  of  travel.  Good  examples  of  standard  practice  are  shown 
n  Figs.  252  and  197.  The  indiscriminate  use  of  danger  signs  is 
nadvisable.     Their  use  should  be  confined  to  actual  danger  condi- 
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tffound        3  ,       Sbpeof*all<yo>-. 
^rjj ~Slope%"ti/ft-S"-  ■'>\/La,^hnn 
y,V"  X-V-^'o -■<■ A;g •■'-■>  .'  9  ■"  h  "'•  *l8"inembonlrm& 


ibankmeet 
\  Street  Line 


,  .'<  \[lm  thickness  for  every  foot 
J  harm  tile  connected '.  \{n  width  up  to  6feer^"Min. 
toStreetdramsat   ,'  Iq  f  Class  A  "Concrete /-lfa-3 Mix. 


intervals  of  not 
over  200  feet 


(OftorStone) 

'\4  Broken  stone, gravel 'or  boiler 
I  cinders  when  ordered. 
Over  6  'in  width  reinforced  as  per  special  plan 

Cro&s  Section  of  One  Course  Cement  Walk 


Curb  Line 

Layout  of  Driveway  and  Crosswalk  in  Drive 

Fig    240  — Typical  sidewalk  detail  and  curb  corner  layout  (Roches- 
ter, N.  Y.). 

tions  and  they  should  be  placed  so  that  headlights  at  night  will  show 
them  up  easily.  This  last  requirement  generally  results  in  placing 
them  about  3  to  4'  from  the  edge  of  the  pavement  on  the  right  side 
and  not  over  3'  above  ground  and  preferably  about  18"  above  the 
shoulder  to  the  bottom  of  the  sign.  The  height  and  location  must 
be  worked  out  for  each  case  and  depend  on  alignment  and  grades. 
The  matter  of  location  and  height  of  signs  is  entitled  to  careful 
study  for  each  individual  case.  There  are,  however,  certain  well- 
defined  principles  of  location  and  height.  The  caution  or  danger 
sign  should  be  located  far  enough  from  the  point  of  danger  to  warn 
the  driver  in  time  for  him  to  get  his  car  under  perfect  control. 
This  requires  approximately  500'  on  steep  down  grades,  250'  steep 
up  grades,  and  about  300  to  350'  on  ordinary  light  grades.  The 
distance  from  the  danger  point  should  not  be  made  any  greater  than 
(text  continued  on  page  689.) 
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$h°u/der 


■f'Sand 
Cushion 


}< 3'0 


(  Sand-Cushi'on  not  Required  in  Sandy  SoiL\ 
Size  of  Stone  5"-9") 


Cobble  Gutter. 


Third  Class  Concrete 
Ditch    Lining. 


i  (Usual  Width)* 
Concrete or  Sand Foundation-,  Grouted 

orSandJolrriSi 
Brick  Gutter. 


No.4  Crushed  Stone 
Ditch  Protection. 

Fig.   241. — Typical  ditch  protections. 
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lecessary,  however.  It  is  well  established  that  the  sign  should  be 
)n  the  right  side  of  the  road  and  as  near  the  pavement  as  possible 
vithout  danger  of  being  hit.  Just  back  of  the  curb  line  on  streets 
ind  from  3  to  4/  off  the  edge  of  pavement  on  rural  highways  are 
jood  locations.  At  dead  end  roads  or  very  sharp  turns  it  is  desir- 
ble  to  place  an  additional  large  danger  sign  beyond  the  turn 
lirectly  in  line  with  the  approach  center  line. 

On  the  height  of  the  sign  depends  the  ease  with  which  it  is  seen 
>oth  day  and  night.  In  the  daytime  a  distinctive  sign  can  be 
eadily  seen  at  any  elevation  between  1  and  6'  above  the  road.  The 
teight  is  controlled,  therefore,  by  night  driving  conditions,  which 


V,   End  Vtew. 

o'z"   ,<% Round  Bars 


Leaching    Basin. 


Z'Diam.     *--? -  -  5'gf A 

Circular Opening* 

Catch  Basin* 


Fig.  242. 


;quire  a  low  position  for  proper  headlight  illumination.  During 
ie  summer  months  when  there  is  no  snow  on  the  ground,  the  best 
sight  is  approximately  18"  from  ground  elevation  to  the  bottom  of 
ie  sign.  In  winter  the  reflection  on  the  snow  permits  a 
sight  of  36".  Drifting  snow  makes  the  36"  height  desirable. 
Dr  northern  climates  the  danger  signs  should  be  of  adjustable 
sight,  the  lower  height  being  used  in  summer  and  the  higher  in 
inter. 

Figure  197  shows  good  typical  locations  and  heights. 

Signs  should  be  uniform  in  color,  shape,  and  symbols.  The 
llowing  quotation  gives  the  most  recent  recommendations  for 
xiform  signals  (1926). 

(text  continued  on  page  697.) 
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Mortar 


'face  of 
hvemenr 


^^QvtferLine 

■'M?rforfs^& 


In  Rock  ^J>    In  Earth 
Section  on  A-B 


v  .  •  ■•&.  Concrete. ";.»■:  f 


Section  onC-D 


<- 


Front  View 


•*?' 


»*0 


tf 


qf-il-s-Sfl 

— #J— ! — H 

a rv    n^n 


T*~ 


<4i* 


lf\j 


§ 


Top  View 

Minimum  Wek/hf  of  Frame  =/7Slbs. 
»  »       *>,  Orcrfe  =58 Lbs. 


U -eo"- 

Side  View 


Fig.  243. — Typical    curb 


inlet    catch 
Standard) . 


Orate 


basin    (City    of    Rocheste 
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Class  '£ 
Concrete 

hiar\h^ocW^'neoHren^klW^  .WthMn  Rock 

Gravel  or  Broken  Stone  may  be  used  when  ordered  Section  of  Trench 

Section  of  Trench  Section  of  Trench  for  Brick  Sewers 

tor  Vitrified  Tile  Pipe  for  Vitrified  Tile  Pipe 

18  and  under  in  diameter       over  I8"in  diameter 


Classification  for  Concrete 

Class 

A 

B 

c 

D 

E 

Prop. 

r.iv.3 

1:2:4 

rates* 

1:3:6 

1:8 

Aggre- 
gate 

Wtol" 
Stone 

V'tol" 
Stone 

Ik'toft" 

Stone 

VM"  1 
Stone 

rorpedo 
jravel 

Pipe  Sewers  I8_"cnd  Under 

In  Earth 

In  Rock 

D 

W 

A 

B 

D 

W 

A 

B 

6" 

23V 

'2V 

w 

6" 

3rV 

2s/8" 

85/8" 

8" 

ESV 

3W 

G5l4" 

8" 

33'li" 

33/8" 

9'le" 

3" 

26V 

3V 

r/8" 

9" 

34V 

3V 

9V 

10" 

21V 

4%" 

TV 

10" 

35V 

*V 

95/e" 

12" 

30" 

5" 

Vlt" 

12" 

38" 

5" 

1078" 

15" 

35V 

6V 

8V 

15" 

♦ft" 

6V 

11" 

18" 

31" 

IV 

9V 

18" 

4S" 

T/8" 

1178" 

] 

?] 

G. 

24 

\-— £ 

Classification  for  Mortar 

Class 

A 

B 

C 

D 

Prep. 

P.l 

I-.  I'll 

Y.Z'h 

I-.3 

Pipe  Sewers  Over  18" 

In  Earth 

In  Bock 

D 

W|  A 

B 

D 

w 

A    B 

:rj' 

tfffllV 

81* 

20" 

fft 

ftW 

H" 

«¥ 

8¥ 

w 

IT 

w^ 

sw 

S5/* 

24" 

48' 

9"  b%" 

Z4q 

52" 

9" 

jV 

er 

5ftJ 

10W  9'/8 

n' 

55dt' 

10"; 

Kft 

30" 

:B:; 

n'/V  |93/a 

SO" 

59" 

iff* 

KfiS 

Sewer  trenches. 


Brick  Sewer 
30  and  Over  in 
Rock  and  Earth 

D 

W 

A 

B 

30" 

l-ll' 

l&ifl 

li3', 

33" 

s-z" 

rij 

15" 

36" 

s'-s" 

!3V 

i&%- 

41" 

5-n1 

20*8 

n" 

4S" 

6-2" 

ziV 

nV 

48" 

o-5' 

23" 

)85/8 
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^^ 


The  shelf  forming  ./. . .  .5 


y,  -{NOTE! -All excavation 
Xoirfside  offhese  lines 
'■shall  be  replaced  with 
\  concrete  at  Contrac  tors 
,  ^expense- 


It  j 

•t   Si 

5 

^^i 

V 

ii 

i 

k 

^ 

foundation  for  upper  sewer  g^ajg-S^ 
Shall  be  maintained  by  the»Wrn^ 


use  of  sheeting  if  necessary;  Section  of  Trench 
sa>d  sheeting  if  left  in  pace  forSanitaru  and 

&tiSr$%!!55$c?  StormWatcriwer 


Section  of  Trench  foi 
Vitrified  Tile  Pipe 
Sewer  Without  Cradle 


Tabic  Showing  Distances  X  and  Y  for  Sewers  laid  in  the 
same  Trench,  the  Distance  between  center  lines  of  Pipes  -X+Y. 
The  total  width  of  Trench  paid  for  and  the  minimum  excavation  width -2X+2Y 

Kind 

Size 

In  Earth 

In  Rock 

Kind 

Si7e 

In  Earth 

In  Rock 

Tile  Pipe 

X 

Y 

X 

Y 

Tile  Pipe 

X 

Y 

X 

Y 

11    * 

6" 

ll%" 

ii78" 

15V 

ISV 

V          » 

24" 

24" 

24" 

26" 

26" 

i)     f. 

8" 

!23/4" 

12V 

IS7/8 

l&V 

1>      " 

27" 

25V 

25V 

27|". 

27^' 

n     »> 

9" 

M 

uV 

H3/8 

nV 

»      )/ 

30" 

28" 

28" 

aK 

29V 

V       11 

10" 

137/8" 

13V 

ns/8" 

ns/8" 

Brick 

30" 

I'S'li 

Mli 

2-5'/; 

2-5V 
2-7" 

>i      D 

12" 

15" 

15" 

19" 

19" 

u 

33" 

2-7" 

2*-7" 

2'-7" 

»>      J» 

15" 

1&3/4 

16$ 

£0V 

eo3// 

* 

36" 

m 

M$ 

tfk 

n% 

»      »• 

18" 

I0I2 

18'fe" 

22'li 

atf 

» 

11" 

us 

Aft" 

I'M 

l'-\\'lt 

»'      Jl 

20" 

aV 

oV 

23V 

23V 

» 

45" 

3-1" 

3-1" 

3'-l" 

i'-\" 

•    ;; 

22" 

23" 

23" 

I'M 

?45/4" 

* 

48" 

nil 

3!%' 

5-2V2 

MX 

Fig.  245.— Miscellaneous    street    standards    (City    of   Rocheste 

Sewer  trenches. 
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Cross  Section  of  Drip      i..._.i..j.   ',,..  ..      tn  . 

___     r-      Longitudinal  Section  of  Dn 


Cavity- . 
G  Branch. 

Brick 

8  Mortar  _ 

4  Vit.  Tile  hj  Sewer- ■■  Mm. Slope  fe'per ft 

i  fhvemerrr  Grade 


'NOTE:P^men 
for  frenchirrg~~\  i£  ^ 
when  done  in    ^J  v*; 
conjucfion  w>rh JD  £  - 
,  local improtemenn. '?.  R 
contracr^i'lbe  -f3'£ 
based  on  the  verficak 
section  as  shown  by 
;  the  Standard  plans 
for  sewer  trenches^ 


Plan  of  Blind  HyJranil 
Drip  in  Trench 

6  Hydrant  Branchy 


n>  i). 
Loose  Shnes 
or  Coarse?  Gravel 


>S  ^>7 


^Bhck 


Brick 
\  Wedge 

■t?"Morfar 
^ernentGrade  JABLEFOR  WATER  PIPE  COVER 


Water  Main 


Diame+er 
of  Pipe, in 

Depfh  X 

4  "to  I6"md 

4-&" 

20" 

4-6" 

24" 

3-0" 

30  and  36" 

3-0" 

ZWedge 
Block 
Section  of  Trench  in  Earth      Section  of  Trench  in  Rock 

MOTE '.-All  Trench  will  be  one  foot  wider 
at  the  bottom  than  the  internal  diameferoffhepipe 

Fig.  246. — Water  pipe  trenches. 


Section  on 
long  Radiu: 


Cast  Iron  Gate  Vault  Cover  for 


Z^ZOartd 36-inch  Rensselaer  Gates        Typical  Hybjjcnnt 


Gate  Box  and 
Jacket  for  Gates 
Up  To  And      „ 
Including  20 


'iG.  247. — Miscellaneous   street   standards    (City   of   Rochester). 
water  trenches,  etc. 
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Copper /Met  Earm    | 


Cast  Iron  Frame  and  Covers 


!  Topographical  B.M- Monument 


Survey  Monument 
Fig.  248. — Miscellaneous   street   standards    (City   of    Rochestei 


Side  View 


ht^^Z2^lt±^tMA 


^jjSTtV'       SO7*. 


Fra 


me 


Minimum  Weight  of  Frame  */45fbs. 
»  '>       v  Grafe  -/OS* 


Bottom  View  Cover 
Fig.  249. — Miscellaneous   street    standards    (City   of    Rochestei 
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-S\i  ^ronStep 


■'■'Plasten>al„ 

'.Concrete 
t    *4'Mh: 
n  Earth 


InRo 


D  - -Depth  of  Manhole 
A--D-9  'forM.H.12  'or less  ih  depth 
B=D-6'forM.H.I2' 
orgreaterin  depth 


Plastered 'with  |.  J 
Class  "C  "Mortar     Z 

-  4 


InW&f 


Intersection  Manhole   Drop  Manhole  where  Drop 


Class "D 
Concrete 
fM'i 

fh  In  Roc 


Cbss"D" 
Concrete 

rfh 


reater 


cS" Brick- 
Masonry 


'Concrete 


Drop  Manhole  where 
Drop  is  less  than  5fee+ 


8  Brick. 
Masonry 


Concrete 


NOTES- 

Benchwalls  -in  manholes  for  sewers  IS  "in  diam.  and  smaller  to  be  built  to  fop 
of 'pipe- for sewers  I5"fo30"in  diam.  IS"high -for lamer sewers to  be builffospring 'line. 
Ho  benchwalls  required  in  dead  and 'manholes  bur  bottoms  to  be  proper la  dished. 


Benchwalls  in  drop  manholes  to  be  paved  with  vitrified  brick.  Inverts  in  Manholes 
/If  of  either  tile  or  brick.  Walls  to  be  backed  with  concrete  if directed '  ty* 


may  be  built  ofei, 

engineer.  <5ani tarty  Manholes  to  be  plastered  on  outside. 


250. — Miscellaneous 


street    standards 
Manholes. 


(City  of  Rochester), 


Section  on  A"B 


'rs  for  Sanitary  Sewer  manholes 
to  be  perforated  h/f provided 
b  lifting  slot 


% 


Asphalt  Cover 

Minimum  weight  of  Frame 

"         v       //  Per  fora  fed  Cover 
a  •>        "Asphalt     " 

The  Frames  are  fhe  same  For  both  Covers 


-240lbs. 
=IOS  » 
=100  » 


251. — Miscellaneous   street   standards    (City   of    Rochester), 
Manhole  covers. 
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vvj  >y.<. . 


Yr-lr^.  -i?L4  ^--YP'4  -^-2-4-  ■!%-i:'f--*\ 


4r-0'- 

,      DANGER  SIGNS 


IGER 

MS  ROAD 

X 


SHARP  NARROW     *- 

RIGHTTURN  BRIDGE 

Alternate  designations  for  the  above  type  of  sign. 
This  sign  to  be  supported  on  two  signposts  and  fastened 
bu  two  T-Clamps  for  each  post. 

SIGN  POST 
•  -Not less  than  6-0 not "ion ■  than 7^  -  ■  • 


rderonawhitefield-  Bothsidesif 


'  AHemate  Design   Alternate  "Design 
for  Reversed  Curve,  ftr  (Jurve  to  Right: 


required'* 

rf  \ 

16  ~  i 


Section  A" 

Def.Bar602S%A. 
ISga  Stirrups,^."  ~- 
/2'ctrs. 


i'  8-ffeawred   Sffeauired 
^  mplijlftj'b    " 

I  ..-Post- \ 

Jt-W 


Danger 
Sign     ^ 

T- Clamp 


„  ,"P'hs 

&"<f> Hole  for 

T-C/gmp 


l"x6"Str,p 
ilxB'deat 


H 


Detail  of  T-Clamp  "l 


Concrete  1-2-4    ™ 

Top  View  of  Post 
(Sham'qg  attachment  of dongwsi9n) 


ED  ^WF- 


~->Q*A> 


l"°Def.BarJ^fr' 
continuous   !      r--j  >" 
overtop   _i —  i — i—i. 
<>f/W  -A  e'U- 


Def.Bar. 


,    ' — '  Concrete 
•^    i"l  Highway  Marker 

i-Lj     ' 
fc-73 


C^'^r^k'Sj 


GmmdSurface 


/-HK 
y'7Ckaistilx?2'r 


Section  of 
Highway  Marker 


-"P 


tfS 


OETOUR  SIGN       n 

(Black  Letters  on  Mite  field} 

kit  couMtssiOHOf  Hiftjuns  5, 


$ 


•    I — 1      *?      GroundV~\  Surface 
!     ' 1      »i  L— ' 

Fig.   252. — Typical  guide  and  danger  signs  N.  Y.  State  1924- 


IE 
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HIGHWAY  SIGNS  AND   SIGNALS 

lecommendations   of   Subcommittee   on  Traffic   Control  and   Safety   Pre- 
sented   at    San    Francisco    Meeting    of   American    Association    of 
State  Highway  Officials 

Color  of  Signs. — Color  of  illuminated  highway  signs  and  signals. 
RED  to  indicate  STOP. 

YELLOW  to  indicate  CAUTION. 
GREEN     to  indicate  GO. 

"These  are  the  colors  most  generally  used  in  railroad  operations  and  are 
ow  quite  generally  used  in  highway  work.  It  is  believed  that  they  should 
e  universally  adopted  in  regulation  of  traffic  on  the  highway. 

Color  of  Non-luminous  Signs 


Sign 


Background 


Copy1 


f 

5tOp { 

,  .  I 

,aution 

jo  or  safety 

load  markers,  guide,  direction,  general 
information 


Red  center  panel 
White  upper  and 

lower  panels 
Yellow 
Green 

White 


White 
Black 

Black 
White 

Black 


1  Owing  to  the  lack  of  visibility  of  red  in  non-luminous  signs  at  night,  the 
pper  and  lower  panels  are  made  white  which,  because  of  the  contrast,  will 
lake  a  very  conspicuous  sign  and  at  the  same  time  retain  the  red  which 
lould  be  universally  used  for  Stop. 

"The  first  three  colors  are  the  same  for  non-luminous  signs  as  for  the 
iminous  signs.  It  is  believed  that  by  keeping  these  colors  the  same,  most 
infusion  can  be  avoided.  Because  of  their  simplicity  and  agreeing  with  the 
iminous  signs,  it  will  be  an  easy  matter  to  impress  the  color  scheme  clearly 
pon  the  minds  of  drivers,  and  even  school  children.  No  confusion  should 
:sult  with  this  color  scheme  universally  adopted. 

"Shapes  of  Non-luminous  Signs. — While  the  color  on  the  non-luminous 
gns  will  be  important,  it  is  believed  that  a  variation  in  shapes,  varying 
ith  the  different  degrees  and  kinds  of  danger  and  information  will  be  most 
lective.  It  is  a  well-known  fact  that  the  shape  of  a  sign  is  distinguishable 
mg  before  the  copy  or  symbols  thereon  can  be  recognized;  hence,  the  impor- 
mce  of  the  variable  shapes.  In  order  to  simplify  and  reduce  cost  of  pro- 
uction  it  is  necessary  that  these  shapes  be  such  that  they  can  be  produced 
:  lowest  cost. 

"The  following  shapes  are  recommended: 

Sign  Shape 

.ailroad  pre  warning  sign Round 

top  sign Octagonal 

low  signs Diamond  shape 

aution  signs Square 

peed-limit  sign Rectangular      (greatest      dimension 

vertical) 

oad  markers Shaped  to  fit  the  design  of  marker 

uide  and  direction  signs Arrow  or  rectangular 

eneral  information Rectangular 

Sizes  of  Non-luminous  Signs. — While  it  is  believed  a  standard  size  of 
le  various  signs  should,  in  general,  be  used,  it  is  also  believed  that  in  rare 
stances  the  most  extreme  danger  points  may  well  be  marked  by  a  larger 
gn  than  the  standard  in  order  to  provide  the  increased  warning. 

"Copy  on  Non-luminous  Signs. — The  copy  on  non- luminous  signs  should 
:  brief  and  simple  and  easily  read.  It  is  believed  that  clear  English  is,  in 
:neral,  better  understood  than  any  combination  of  symbols  and  signs  and, 
mce,  English  words  are  recommended  rather  than  meaningless  symbols. 

"  Hence,  it  is  believed  that  the  most  effective  set  of  standard  signs  can  be 
ade  by  a  proper  combination  of  variable  shapes  and  colors  together  with 
dtable  copy  and  dimensions." 
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Reflectors. — The  use  of  reflectors  to  indicate  danger  is  effective 
in  some  locations.  They  have  a  very  limited  usefulness  on  rural 
roads  due  to  difficulty  in  placing  them  where  they  can  catch  the 
rays  of  approaching  headlights  in  time.  In  fog,  rain,  and  snow 
storms  reflectors  are  of  small  value,  for  their  efficiency  is  greatly 
reduced. 

Traffic  Lane  Markings. — Probably  the  most  effective  and  cheap- 
est device  to  increase  safety  is  the  traffic  lane  marking.  It  has  a 
very  powerful  effect  on  drivers,  and  keeps  them  on  their  own  side 


Traffic  Line 
I :i'/2  White  Mortar 

'/q  Radius-^ 


^  &■»:'::'»&  fjfe$- 


Trowted  Surface 


^'Concrete Pavement '  '•■}.  V':'*.: '•'•': .'-':\-i 


•  >.'.'•» •:'.%Lohqi-fvdinal:\ 
\^vi^^:^>':^^m-Joinm:^ 

I 


(/q  Radius* 


VJ 


Traffic  Line 
d-->i  Troweled  Surface 


Where  longitudinal  separator  is  used  it  should 
be  placed  at  one  tide  of  permanent  traffic  hhe,  as  shown 

PERMANENT  TRAFFIC  LINES 

Fig.  252^.. 


of  the  road,  particularly  on  curves  and  at  the  top  of  hills  where  th 
view  is  obscured. 

Figure  25  2 A  shows  the  method  used  on  concrete  base  pavements 
P\)r  the  usual  concrete  pavement  the  lane  is  marked  by  the  longi 
tudinal  joint  line.  On  macadam,  sheet  asphalt,  brick,  etc.  it  i 
marked  with  paint  or  adhesive  strips.  On  these  last-namei 
pavements  where  paint  is  used  the  markings  are  generally  confine' 
to  curves  and  to  the  top  of  hills. 

Trolley  Track  and  Crossing  Details. — Figure  40  gives  the  esseD 
tials  of  elevation,  clearance,  and  construction  details  where  track  :;: 
are  an  integral  part  of  the  pavement  design.     The  standard  show 
is  the  New  Jersey  practice  (see  also  p.  176). 

Monuments — Figure  249,  Miscellaneous  Standards,  gives  goo 
practice  in  the  manner  of  permanent  street  monuments.  Th 
sam  type  of  marker  6"  above  ground  makes  a  good  road  right-ol 
way  marker. 


:. 


ILLUMINATION 


699 


Cattle  Guards. — In  western  territory,  ranch  owners  will  often 
rant  road  right  of  ways  for  a  nominal  sum,  but  stipulate  that  the 
ight  of  way  shall  not  be  fenced,  as  it  would  cut  off  part  of  their 
ange  from  water.     The  boundaries  of  these  ranges  are  generally 

need,  and  where  the  road  passes  this  fence  a  gate  must  be  used  to 

revent  straying  of  cattle;  it  is  more  or  less  of  a  nuisance  for  every 

ser  of  the  road  to  open  and  close  the  gate,  and  generally  a  gap  is  left 

the  fence  across  which  a  shallow  pit  2  to  3'  deep  is  dug.     This  is 

overed  with  a  slat  grating  over  which  cattle  will  not  walk  but 

;er  which  automobiles  can  be  driven  (Fig.  253). 

Cattle  Passes. — The  minimum  size  of  opening  which  will  serve 
itisfactorily  for  tunnel  passageways  under  highways  is  6  by  6'. 


Tencey. 
©JL 


r0  Wing  Fence  Guards 

6ate            Fence  \ 
K (Q — i — ^_ 


Pit  with  51  at  6raf/hy. 
Cattle  guard  in  New  Mexico. 


[G.  253. — Type  of  crossing  used  extensively  in  Western  Kansas. 

Fences. — Ordinary  right-of-way  and  snow  fences  are  shown  in 
gs.  254  and  255. 

Rural  Highway  lUurnination. — Illumination  is  the  final  stage  of 
provement  of  rural  highways.     Effective   lighting  costs   from 
00  to  $1,000  per  mile  per  year.     At  the  present  stage  of  rural  high- 
er development  (1926)  it  is  only  reasonable  to  incur  this  expense 
a  limited  mileage  of  road  (see  Table  2,  p.  6). 
Illumination  is  a  good  investment  on  main  commercial  intercity 
uling  routes  carrying  a  large  amount  of  night  traffic.     It  is  also 
sirable  and  justifiable  in  suburban  districts  adjacent  to  cities,  for 
promotes  residential  development   and  increases  land  values. 
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On  the  ordinary  improved  rural  road,  however,  it  is  doubtful  i 
such  a  large  yearly  expenditure  is  justified. 

First-class  illumination  increases  safety  of  night  driving  an< 
increases  safe  night  speeds  5  to  10  miles  per  hour.  By  good  illumi 
nation  is  meant  sufficient  light  to  nullify  the  glare  of  approachin 
headlights  and  to  indicate  vehicles  or  pedestrians  by  either  direc 
illumination  or  silhouette  effect.  Under  good  atmospheric  condi 
tions  and  provided  that  the  automobiles  are  operated  with  head 
lights  dimmed,  this  can  be  accomplished  with  200  to  250-cp.  light 
located  approximately  20'  above  the  road  and  spaced  approximatel 
250'  apart.  This  arrangement  and  intensity  of  lights,  howeve: 
will  not  nullify  the  glare  of  full-power  headlights. 


{  Top  and  Bottom  No.9j  altother  Wires  No.il-  $ "Strands- 15  Stays  per  Rod. 
Locust  Posts,  least-  Piameter  allowed  is  finches. 
All  Corner  and  fnd  Posts  gre  12 inches  in  least-  Diameter  and  Braced 
as  shown  above. 

Fig.  254. — A  good  standard  right-of-way  fence. 
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*y4'       TurnbolrnH-h 
i»3lr\        Washers. 
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Ground 
fy f5urt 'ace  -^ 

■wniiimwhifiwnin 


Z"x4"  Hemlock. 

Plan. 


'>-]'x6  "Hemlock. 

End  Vi ew.  Fence  in  Pos'rrioiT.. 

FlG.   255. — Snow  fence  detail. 


In  localities  with  which  the  author  is  familiar  it  has  been  four 
desirable  to  use  400-cp.  lights  spaced  250'  apart  and  located  2 
above  the  road.  The  cost  of  400-cp.  lights  is  about  $40  per  lig. 
per  year  and  of  200-cp.  lights  about  $35  per  light  per  year  (weste: 
New  York  1926  cost  conditions) .  These  400-cp.  lights  seem  effectr 
in  nullifying  objectionable  glare  of  full-strength  headlights  und 
usual  atmospheric  conditions.  In  a  bad  rain  storm  or  fog,  howevt 
any  artificial  illumination  is  a  nuisance,  as  reflection  surroun 
each  light  with  veritable  curtain,  which  completely  obscures  objec 
beyond  the  light  range. 
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THE  LIGHTING  OF  STREETS  AND  HIGHWAYS 

>rinciples  and  Practice  Outlined  in  Paper  Presented  Nov.  13  at  Annua) 
Convention    of    American    Society    for    Municipal    Improvements 

By  Stephen  Carleton  Rogers 

"ommercial    Illuminating  Engineer,  Street  Lighting  Department,  General 

Electric  Co. 

'I Vision  is  accomplished  in  two  ways,  or  in  a  combination  of  two  ways, 
•bjects,  persons,  etc.,  are  seen  either  in  silhouette  against  the  lighted  back- 
round  of  the  street  surface  or  else  by  the  direct  light  from  the  lamps  them- 
;lves.  When  objects  are  seen  in  silhouette,  their  bulk  or  outline  is  observed; 
•hen  objects  are  seen  in  perspective,  or  by  direct  light,  their  details  or  fea- 
ires  are  distinguished.  All  objects,  etc.,  therefore,  whether  by  day  or  by 
ight,  must  be  seen  either  in  silhouette  or  in  perspective,  or  by  a  combination 
:  the  two.  These  principles  should  be  remembered,  as  street  lighting,  to  a 
sry  large  degree,  depends  upon  them,  no  matter  what  class  of  street  light- 
ig  is  being  considered.  Vision  by  silhouette  has  been  known  and  recognized 
y  artists  for  many  years,  but  has  been  appreciated  by  the  illuminating 
lgineer  for  only  a  comparatively  short  time. 

"Depending  upon  these  two  methods  of  vision  are  the  two  main  types  of 
ihting,  which  may  be  classified  as  follows: 

1.  Large-unit  lighting. 

2.  Small-unit  lighting. 

"Large -unit  Lighting. — If  a  large  unit  equipped  with  a  diffusing  globe, 
r  example,  either  a  6.6-amp.  luminous  (magnetite)  arc  lamp  or  a  15,000- 
men  incandescent  (Mazda  C)  lamp,  be  placed  on  the  side  of  a  street  some 
stance  away,  as,  for  instance,  300',  objects,  persons,  etc.,  will  be  seen  more 
silhouette  than  in  perspective.  This  is  commonly  termed  "large-unit 
reet  lighting,"  and  the  illumination  will  be  of  a  maximum  high  intensity 
id  from  a  concentrated  light  source.  It  is  clear,  therefore,  that  whenever 
rge-unit  lighting  is  employed  that  silhouetting  will  be  more  generally  used, 
irticularly  so  when  the  lighting  units  are  spaced  quite  a  distance  apart! 
he  closer  the  units  be  spaced  the  more  will  perspective  vision  occur  in 
injunction,  of  course,  with  silhouette  vision.  The  diffusing  globe  will  cut 
)wn  the  candlepower  of  either  of  the  large  units  just  mentioned  to  about 
>o.  If,  for  instance,  twelve  80-cp.  incandescent  lamps  be  grouped  together 
id  placed  in  a  single  large  globe,  the  resultant  illumination  would  be  prac- 
:ally  the  same  as  with  the  use  of  the  single  large  unit. 

"Small-unit  Lighting. — Suppose,  however,  that  these  twelve  small,  80-cp. 
candescent  lamps  be  distributed  along  the  same  street  and  uniformly 
aced.  The  result  then  would  be  known  as  "small-unit  street  lighting," 
e  illumination  will  be  fairly  uniform  but  of  low  intensity  and  from  di's- 
buted  light  sources.  With  this  type  of  street  lighting  there  will  not  be 
ough  intensity  for  either  silhouette  or  good  perspective  vision.  These 
'o  distinct  types  of  street  lighting  also  produce  entirely  different  psy- 
ological  effects,  as  was  shown  during  some  street-lighting  tests  con- 
LCted  a  few  years  ago,  where  it  was  shown  that  large-unit  lighting  is  by  far 
e  superior  and  more  essential  for  good  street  lighting  from  every  angle. 
"There  is  still  a  very  important  phase  that  should  be  considered,  viz., 
e  status  of  large  units  versus  small  units,  viewed  from  an  economic  point 
view.  A  city  or  town  naturally,  since  it  is  the  party  that  has  to  pay 
e  bills,  is  most  vitally  interested  in  street  lighting  and  its  costs.  Since 
any  cities  have  a  certain  appropriation  for  street  lighting,  they  usually 
int  to  know  what  type  of  lighting  will  give  the  best  results  for  that  given 
lount  of  money,  rather  than  what  is  the  best  street  lighting  it  can  get  and 
n  en  how  much  it  will  cost.  According  to  prevailing  conditions  and  rates  it 
11  cost  a  city  approximately  $100  per  year  for  each  large  unit  and  about 
5  per  year  for  each  small  unit,  considering  these  sizes  just  referred  to. 
I  tis  will  mean  something  like  three  large  units  for  every  twelve  small  units, 
i  roughly,  three  times  the  total  light  flux  with  its  accompanying  increased 
lmmation  and  better  visual  effect  for  the  same  total  cost  per  year. 
"Street  Lighting  Practice. — Street  lighting,  in  general,  may  be  divided 
o  the  following  five  classes: 

'Class  I.  Main  business  streets — highly  intensive  or  white-way  illumi- 
tion. 

H'"  Class  II.      Secondary  business  streets — good  general  illumination. 
;J  Class  III.      Boulevards  and  main  residential  thoroughfares. 

Class  IV.     Side  residential  streets — comparatively  low  illumination. 

Class  V.     Interurban  or  main  automobile  highways. 
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"Main  Business  Street  Lighting. — The  main  business  streets  of  a  largf 
city  may  be  properly  separated  into  two  subdivisions,  whereas  in  a  smallei 
city  this  distinction  is  lacking — it  being  hard  to  tell  where  one  type  stops  and 
the  other  starts. 

"a.  Streets,  whose  stores  are  essentially  retail  and  depend  largely  upor 
show  windows  for  the  display  of  their  goods,  merchandise,  or  wares — street; 
that  are  of  greatest  distinction. 

"fc.   Important  business  streets  largely  traveled  at  night. 

"The  type  of  lighting  that  should  be  employed  should  be  such  as  to  satisfy 
every  requirement  of  police  protection,  the  motorist,  the  safety  of  th 
pedestrian,  the  merchant,  the  aesthetic  sense,  etc. 

"In  order  to  accomplish  this  result,  the  illumination  of  the  street  surfaci 
must  be  of  high  intensity  so  that  silhouette,  together  with  perspective  vision 
may  be  employed;  cornices,  facades,  and  other  architectural  details  am 
effects  must  be  brought  out.  In  order  to  achieve  these  desired  results,  light 
ing  units  of  high  candle  power  closely  spaced  must  be  used,  the  units  them 
selves  must  be  attractive  by  day  as  well  as  by  night,  and  they  should  b 
mounted  upon  ornamental  standards,  thereby  doing  away  with  unsightl; 
overhead  wires  and  trolley  poles,  etc.  In  large  cities,  two  and  three  of  thes 
large  units  per  post,  equipped  with  diffusing  glassware,  should  be  specific 
with  approximately  ioo'  spacing  per  side  at  20-30'  heights.  In  cities  of  thi 
type  the  buildings  range  from  six  stories  and  upwards,  so  that  a  light  dis 
tribution  with  nearly  equal  amount  of  light  in  upper  and  lower  hemispher 
should  be  used.  By  the  use  of  the  new  alabaster  rippled  glassware,  the  mos 
pleasing  effects  are  produced.  In  the  small  cities,  where  the  buildings  ar 
rarely  four  to  six  stores  high,  excellent  results  may  be  obtained  by  the  use  c 
single  lamp  standards  15  to  18'  high,  and  when  using  the  incandescent  lam 
the  dome  refractor  and  light  alabaster  rippled  globe  may  be  used,  as  th: 
particular  combination  has  been  designed  so  as  to  permit  the  illumination  c 
building  fronts  of  comparatively  few  stories'  height  and  at  the  same  tiro 
considerably  increase  the  illumination  of  the  street  surface.  On  the  otht 
hand,  suppose  that  a  type  of  distribution  should  be  used  which  has  prac 
tically  no  light  in  the  upper  hemisphere,  such  as  would  be  obtained  from 
unit  with  clear  globe  and  reflector  or  ordinary  refractor  installation  (nc 
the  dome  refractor  and  rippled  globes),  what  would  be  the  result?  Thei 
would  be  a  sharp  shadow,  a  sharp  cut-off  on  the  building  fronts,  which  woul 
give  a  very  unpleasant  effect — absolutely  wrong  physiologically  as  we 
as  psychologically. 

"There  is  yet  another  factor  that  enters  into  lighting  of  this  class — viz 
the  quality  of  light.  The  chief  difference  between  the  magnetite  arc  lam 
and  the  incandescent  lamp  of  equal  intensity  is  the  color.  The  color  of  ti 
luminous  (magnetite)  arc  lamp  is  the  nearest  approach  to  daylight  of  an 
artificial  illuminant  commercially  exploited.  This  white  color  of  the  magn« 
tite  arc  is  considered  by  many  to  be  unexcelled  for  certain  classes  of  lighting- 
especially  the  high  intensive  class  where  there  is  show-window  lighting.  I 
order  to  get  the  most  effective  show-window  lighting  a  soft,  warm,  lightin 
effect  is  most  desirable,  which  is  obtained  when  the  ordinary  incandescer 
lamp  is  used.  When  the  streets  are  lighted,  the  effectiveness  of  the  sho 
window  is  greatly  decreased,  if  the  color  of  the  street  lighting  is  the  same  i 
that  of  the  show-window  lighting,  because  contrast  will  be  lacking.  Hov 
ever,  if  the  streets  are  lighted  with  the  white  color  of  the  magnetite  ai 
lamp,  then  the  show  windows  will  be  in  contrast  with  their  warmer  yello 
light,  and  the  attractiveness  of  the  windows  will  increase  and  they  wi 
stand  out  in  most  beautiful  fashion.  This,  in  fact,  is  the  accepted  standar 
among  those  who  are  doing  the  highest-grade  intensive  lighting  today. 

"What  would  be  the  result  if  the  windows  should  be  lighted  with  whil 
light  (thereby  revealing  correct  color  values)  and  the  street  lighted  wit 
yellowish  light?  The  contrast  will  be  in  the  wrong  direction,  for  the  bacl 
ground  will  be  cold  and  harsh  and  the  foreground  warm,  whereas,  the  bacl 
ground  must  be  warm  and  the  foreground  cold  to  satisfy.  The  revealir 
power,  that  is,  the  ability  to  pick  up  objects,  etc.,  with  white  light  is  great< 
than  with  yellow  light. 

"Types  of  Refractors. — It  may  be  pertinent  here  to  describe  some  of  tr 
various  types  of  refractors  in  use,  and  show  why  only  the  dome  refractor 
suitable  for  this  class  of  lighting.  The  original  refractor  consisted  of  a  sent 
of  horizontal  prisms,  both  above  and  below  the  light  source,  so  as  to  redire* 
all  of  the  light  flux  both  upward  and  downward  at  a  predetermined  ang 
in  the  hopes  of  approaching  a  uniform  horizontal  illumination.  This  prii 
ciple  is,  of  course,  fundamentally  wrong,  since  non-uniform  illumination 
of  far  more  use  in  street  lighting  illumination.      It  was  found  that  fairly  goc 
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street  illumination  could  be  obtained  by  leaving  off  the  prisms  in  the  lower 
hemisphere,  thereby  not  altering  the  downward  direct  light,  but  adding  to 
:he  downward  light  at  a  given  angle  a  large  part  of  the  upward  light.  In 
ooth  of  these  refractors  there  is  an  external  piece  consisting  of  a  series  of 
vertical  prisms  so  as  to  diffuse  the  light  and  lower  the  brilliancy,  thus  reduc- 
ng  the  glare.  If,  now,  either  of  these  refractors  is  put  into  an  ordinary  dif- 
using  globe,  the  refractive  feature  will  be  lost  and  the  resultant  illumination 
will  be  less  than  is  obtained  by  leaving  off  the  refractor. 

"In  the  case  of  the  dome  refractor,  however,  there  are  no  vertical  prisms, 
wo  separate  series  of  horizontal  prisms  in  the  upper  hemisphere  being  used 
o  redirect  the  upward  light,  thereby  utilizing  a  larger  spherical  angle  and  a 
consequently  greater  amount  of  light  flux.  In  order  to  reduce  glare,  a  rip- 
pled glass  globe  is  used  which,  when  very  lightly  coated  with  alabaster,  does 
lot  entirely  nullify  the  directive  feature  of  the  refractor  and  at  the  same  time 
spreads  sufficient  light  upward  for  fairly  high_  buildings.  The  asymmetric 
ype  of  refractor,  of  course,  takes  even  more  light  from  the  building  fronts 
ind  should  be  used  only  for  other  classes  of  streets  as  described  later. 

"Lighting  of  Secondary  Business  Streets. — This  classification  should 
nclude  those  business  streets  not  coming  under  Class  I,  in  other  words,  those 
laving  comparatively  little  travel  at  night,  those  including  largely  whole- 
sale stores,  warehouses,  factories,  etc.  In  streets  of  this  class  the  same  type 
)f  illuminant  should  be  used,  the  same  intensity  of  unit,  but  longer  spacing 
between  lamps  than  in  Class  I.  This  is  more  advisable  than  going  to  the 
lext  smaller  size  unit  and  retaining  the  same  spacing,  although  the  cost  per 
^ear  may  be  the  same,  better  visual  effects  may  be  obtained  by  fewer  larger 
mits  than  by  more  smaller  units.  The  lighting  of  these  streets  is  mostly 
lone  for  police  and  fire  protection. 

"Boulevards  and  Main  Residential  Thoroughfares  Lighting. — In  this 
classification  should  also  be  included  park  lighting.  These  streets  are  used 
?y  automobilists  and  pedestrians,  and  the  needs  of  each  should  be  satisfied, 
amps  best  suited  for  this  type  of  lighting  should  be  of  the  ornamental  types 
lsed  for  Classes  I  and  II  lighting,  but  spaced  farther  apart.  Of  course,  the 
aest  results  will  be  obtained  by  using  the  large  6.6-amp.  luminous  arc  lamps 
)r  the  15,000-lumen  incandescent  lamps — however,  very  fine  results  can 
:>e  obtained  with  the  4-  or  5-amp.  luminous  arc  lamps  or  the  6000-  or  10,000- 
umen  incandescent  lamps  with  rippled  globes.  It  might  be  added  that  a 
;emiornamental  bracket  type  of  unit  giving  the  same  light  distribution  can  be 
lsed  where  overhead  wiring  is  available,  thereby  saving  the  additional 
expense  of  ornamental  standards  and  underground  wiring. 

"Lighting  Side  Residential  Streets. — On  account  of  the  small  amount  of 
notor  travel  on  this  type  of  street,  a  less  expensive  unit  can  be  well  utilized 
lere,  one  employing  a  4000-lumen  incandescent  lamp  serving  the  purpose 
idmirably.  A  novel  as  well  as  utilitarian  unit  has  recently  been  designed  for 
his  work.  It  consists  of  a  single  piece  of  glazed  porcelain  which  acts  as 
nsulator  and  prismatic  glass  holder  as  well. 

"Interurban  or  Main  Automobile  Highway  Lighting. — These  roads  are 
-he  main  traffic  routes  connecting  towns  and  cities.  The  problem  of  lighting 
;hese  is  entirely  changed,  due  to  the  ever-increasing  auto  traffic  and  headlight 
;lare.  Another  factor  enters  into  this  class  of  lighting  especially,  namely, 
he  character  of  the  road  surface.  There  are  for  all  practical  purposes  three 
nain  types  of  road  surfaces: 

'i.  Non-reflecting,  non-diffusing — viz.,  country  roads  with  possibly  a 
ight  coating  of  oil  to  lay  the  dust. 

"2.   Diffusing — light-dust,  reinforced-concrete,  cement  roads. 

"3.   Reflecting — bituminous-macadam,   asphalt,   wood-block,   etc.,   roads. 

"The  majority  of  these  highways  are  of  the  latter  two  types,  with  the 
effecting  types  in  greater  abundance.  Because  of  these  improved  roads,  it 
las  been  possible  to  design  and  utilize  a  special  unit,  consisting  of  a  number  of 
lested  parabolic  reflectors,  making  it  possible  for  one  lamp  to  be  in  the 
ocus  of  six  reflectors  and  thereby  distributing  the  light  along  the  road 
vithout  any  spilled  or  wasted  light,  as  is  the  case  with  other  than  asymmetric 
listribution  of  light.  In  the  case  of  the  black-surface  roads,  it  is  possible, 
ising  2500-lumen  (250-cp.)  lamps  with  spacing  of  300'  and  height  of  30', 
o  make  the  road  surface  a  veritable  ribbon  of  light — to  use  the  road  surface 
.s  a  secondary  light  source — to  reduce  glare  from  approaching  automobile 
leadlights  by  decreasing  the  contrast  between  them  and  their  background. 
This  type  of  lighting  is  one  of  the  greatest  advances  in  street  illumination 
hat  has  been  made — it  is  very  economical,  especially  when  it  is  considered 
hat  it  costs  approximately  $30,000  to  $40,000  per  mile  for  investment  of  the 
oad  itself  as  against  $3000  per  mile  for  the  lighting  units  and  lines,  etc.,- 
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maintenance  of  the  roads  costs  about  $5000  per  mile,  as  against  Siooo  per 
mile  for  the  lighting.  Some  of  the  obvious  advantages  of  this  kind  of 
lighting  are  as  follows; 

"I.  Prevents  accidents: 

"1.   By  showing  up  dangerous  curves. 

"2.   By  reducing  headlight  glare. 

"3.   By  illuminating  signs,  sides  of  roads,  and  obstacles. 

"II.  Adds  to  comfort  of  night  driving: 

"1.   By  relieving  eyestrain. 

"2.   By  assisting  in  making  repairs. 

"3.   By  discouraging  holdups. 

"III.   Increases  night  traffic  and  thereby  relieves  day  congestion. 

"IV.   Decreases  running  time  and  increases  road  capacity. 

"V.   Helps  to  bring  electricity  to  the  farm  by  providing  a  pole  line. 

"VI.  Increases  real  estate  values: 

"  1.   By  tending  to  extend  the  city  along  highways. 

"2.   By  bringing  electrical  conveniences. 

"As  an  illustration  of  what  might  be  accomplished  in  the  way  of  highway 
lighting  from  an  economic  point  of  view,  take,  for  example,  Massachusetts 
(and  the  same  might  apply  to  any  other  state).  There  are  at  present 
roughly,  1500  miles  of  improved  state  highway,  which  should  be  sceintifi- 
sally  lighted.  This  would  mean  an  initial  investment  of  about  $5,000,000 
with  a  yearly  maintenance  cost  of  Si, 500, 000  (figuring  an  average  cost  oi 
$60  per  lamp  year  to  the  city  or  state).  A  few  years  ago  drastic  headlighi 
laws  were  enacted,  which,  it  has  been  conservatively  estimated,  cost  tht 
automobile  owners  more  than  $2, 500, 000  at  that  time,  plus  the  additiona 
amount  necessary  for  their  upkeep.  If  this  money  had  been  expended  in  th< 
proper  direction,  headlights  would  be  unnecessary  and  safety  to  all  woulc 
have  been  increased. 

Really  complete  lighting  similar  to  city  streets  undoubted*} 
increases  the  amount  of  traffic  a  road  can  safely  carry  at  night  * 
and  for  main  commercial  roads,  where  the  freighting  is  carried  or 
night  and  day,  good  illumination  costing  about  $800  to  $1000  pe] 
mile  per  year  is  undoubtedly  more  than  justified  on  the  score  o: 
being  the  cheapest  and  safest  means  of  increasing  road-carrying 
capacity  at  night. 


CHAPTER  XI 

MATERIALS  AND  TESTS 

Introductory  Note. — This  chapter  duplicates  a  small  amount  of 
the  data  from  different  chapters  but  has  not  been  rearranged,  as 
such  duplications  add  to  the  ease  of  reference. 

Materials. — The  selection  of  materials  is  an  important  part  of 
the  design.     Most  municipal  and  state  departments  have  well- 
quipped  laboratories  for  testing  stone,  gravels,  brick,  bitumens, 
ements,  etc.     The  object  of  these  tests  is  to  determine  the  physical 
md  chemical  properties  that  have  a  particular  bearing  on  the  action 
)f  the  materials  under  construction  conditions.     While  these  condi- 
ions  are  not  attained,  they  are  approximated,  and  by  a  comparison 
>f  the  laboratory  results  with  the  actual  performance  of  the  differ- 
:nt  materials  in  practice  a  relation  can  be  established  that  is  useful 
is  a  basis  for  judgment. 

The  authors  are  greatly  indebted  to  H.  S.  Mattimore  and  J.  E. 
Myers,  who  have  rearranged  and  brought  up  to  date  much  of  the 
naterial  on  tests  and  their  significance. 

This  chapter  gives  a  brief  statement  of  the  desirable  qualities 
md  tests  for: 

i.  Top  course,  macadam  stone. 

2.  Screenings. 

3.  Bottom  course,  macadam  stone. 

4.  Bottom  course  and  subbase  fillers. 

5.  Brick. 

6.  Bituminous  binders. 

7.  Cement  (Portland). 

8.  Fine  aggregate  for  cement  or  bituminous  concretes. 

9.  Coarse  aggregate  for  cement  concrete. 
10.  Sand-clay  and  gravel  tests. 

Instructions  for  sampling  materials  are  given  in  Chap.  XII,  page 
52. 

.  STONE  FOR  THE  SURFACING  OF  MACADAM  ROADS 

Stone  for  use  in  the  surfacing  of  a  macadam  road  should  be  hard 
nd  tough  to  withstand  the  abrasive  action  of  team  traffic  and  the 
ibratory  action  of  high-speed  motor  vehicles,  and  should  not  con- 
lin  any  minerals  that  are  likely  to  disintegrate  rapidly  under  the 
lfluence  of  weather  conditions. 

To  determine  the  relative  hardness,  toughness,  and  power  to 
jsist  abrasive  and  impact  action  of  traffic,  stones  are  subjected 
)  the  following  tests:1 

1  American  Society  of  Testing  Materials. 
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i.  Abrasion. 

2.  Hardness. 

3.  Toughness. 

4.  Specific  gravity. 

5.  Absorption. 

6.  Fracture. 

7.  Geological  classification. 

"Abrasion  Test.1 — The  machine  shall  consist  of  one  or  more  hollow  iron 
cylinders;  closed  at  one  end  and  furnished  with  a  tightly  fitting  iron  cover 
at  the  other;  the  cylinders  to  be  20  cm.  in  diameter  and  34  cm.  in  depth 
inside.  These  cylinders  are  to  be  mounted  on  a  shaft  at  an  angle  of  30' 
with  the  axis  of  rotation  of  the  shaft. 

"At  least  30  lb.  of  coarsely  broken  stone  shall  be  available  for  a  test 
The  rock  to  be  tested  shall  be  broken  in  pieces  as  nearly  uniform  in  size  a: 
possible,  and  as  nearly  50  pieces  as  possible  shall  constitute  a  test  sample 
The  total  weight  of  rock  in  a  test  shall  be  within  10  g.  of  5  kg. 


Fig.  256. — Deval  rattler. 

"All  test  pieces  shall  be  washed  and  thoroughly  dried  before  weighing 
Ten  thousand  revolutions,  at  the  rate  of  between  30  and  33  per  minute,  sha 
constitute  a  test.  Only  the  percentage  of  materials  worn  off  which  will  pas 
through  a  0.16-cm.  (}>{$")  mesh  sieve  shall  be  considered  in  determining  th 
amount  of  wear.  This  may  be  expressed  either  as  the  percentage  of  the  5  kg 
used  in  the  test,  or  the  French  coefficient,  which  is  in  more  general  use,  ma 
be  given;  that  is, 

Coefficient  of  wear  =  20  X  —  =  -,  where  w  is  the  weight  in  grams  of  th 

w  w 

detritus  under  0.16  cm.  (He")  in  size  per  kilogram  of  rock  used. 

Table  118. — Conversion  Table  Per  Cent  of  Wear  to  Frencj 

Coefficient 


French 
coefficient 


of  wear 


French 
coefficient 


of  wear 


20.0 

13  -3 

10. o 


8.0 
6.7 
5-7 


iie 


"Hardness.1 — Hardness  is  determined  by  a  Dorry  machine.  A  ston 
cylinder  25  cm.  in  diameter,  obtained  by  a  diamond  core  drill  from  th 
material  to  be  tested,  is  weighed  and  placed  in  the  machine  so  that  one  en< 
rests  on  a  horizontal  cast-iron  grinding  disc  with  a  pressure  of  25  g.  pe 
square  centimeter.  The  disk  is  revolved  1000  times,  during  which  standap 
crushed  quartz  sand  about  i}-£  mm.  in  diameter  is  automatically  fed  to  it 
The  cylinder  is  then  removed  and  weighed  and  the  coefficient  ofharJnes 
obtained  by  the  formula  20  —  }£  the  loss  in  weight,  expressed  in  grams 
In  order  to  get  reliable  results,  two  cylinders  are  generally  used,  each  on 
being  reversed  end  for  end  during  the  test. 
1  American  Society  of  Testing  Materials. 
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Test  for  Toughness.1 — 1.  Test  pieces  may  be  either  cylinders  or  cubes, 
25  mm.  in  diameter  and  25  mm.  in  height,  cut  perpendicular  to  the  cleavage 
of  the  rock.  Cylinders  are  recommended  as  they  are  cheaper  and  more 
easily  made. 

2.  The  testing  machine  shall  consist  of  an  anvil,  50  kg.  in  weight,  placed 
on  a  concrete  foundation.  The  hammer  shall  be  of  2-kg.  weight,  and 
dropped  upon  an  intervening  plunger  of  i-kg.  weight,  which  rests  on  the  test 
piece.  The  lower  or  bear  surface  of  this  plunger  shall  be  of  spherical  shape 
having  a  radius  of  1  cm.  This  plunger  shall  be  made  of  hardened  steel,  and 
pressed  firmly  upon  the  test  piece  by  suitable  springs.  The  test  piece  shall 
be  adjusted  so  that  the  center  of  its  upper  surface  is  tangent  to  the  spherical 
end  of  the  plunger. 

'3.  The  test  shall  consist  of  a  i-cm.  fall  of  the  hammer  for  the  first  blow, 
and  an  increased  fall  of  1  cm.  for  each  succeeding  blow  until  failure  of  the  test 
piece  occurs.  The  number  of  blows  necessary  to  destroy  the  test  piece  is 
used  to  represent  the  toughness,  or  the  centimeter-grams  of  energy  applied 
may  be  used. 

"Determination  of  the  Apparent  Specific  Gravity  of  Rock.1 — The  apparent 
specific  gravity  of  rock  shall  be  determined  by  the  following  method:  First, 
a  sample  weighing  between  29  and  31  g.  and  approximately  cubical  in  shape 
shall  be  dried  in  a  closed  oven  for  1  hr.  at  a  temperature  of  ioo°C.  (230°F.) 
and  then  cooled  in  a  desiccator  for  1  hr.;  second,  the  sample  shall  be  rapidly 
weighed  in  air;  third,  trial  weighings  in  air  and  in  water  of  another  sample  of 
approximately  the  same  size  shall  be  made  in  order  to  determine  the  approxi- 
mate loss  in  weight  on  immersion;  fourth,  after  the  balances  shall  have  been 
;et  at  the  calculated  weight,  the  first  sample  shall  be  weighed  as  quickly  as 
practicable  in  distilled  water  having  a  temperature  of  25°C.  (77°F.);  fifth, 
the  apparent  specific  gravity  of  the  sample  shall  be  calculated  by  the  follow- 
ing formula: 

W 

Apparent  specific  gravity  =  — — -, 

W  —   Vvi 

in  which  W  =  weight  in  grams  of  the  sample  in  air  and  Wi  =  the  weight  in 
grams  of  the  sample  in  water  just  after  immersion. 

The  a pparent_  specific  gravity  shall  be  the  average  of  three  determinations 
made  on  three  different  samples. 

"Determination  of  the  Absorption  of  Water  per  Cubic  Foot  of  Rock.1 — 
The  absorption  of  water  per  cubic  foot  of  rock  shall  be  determined  by  the 
ollowing  method:  First,  a  sample  weighing  between  29  and  31  g.  and 
ipproximately  cubical  in  shape  shall  be  dried  in  a  closed  oven  for  1  hr.  at  a 
emperature  of  no°C.  (230°F.)  and  then  cooled  in  a  desiccator  for  1  hr.; 
econd,  the  sample  shall  be  rapidly  weighed  in  air;  third,  trial  weighings  in 
lir  and  in  water  of  another  sample  of  approximately  the  same  size  shall  be 
nade  in  order  to  determine  the  approximate  loss  in  weight  on  immersion; 
ourth,  after  the  balances  shall  have  been  set  at  the  calculated  weight,  the 
irst  sample  shall  be  weighed  as  quickly  as  possible  in  distilled  water  having  a 
emperature  of  25°C.  (77°F.);  fifth,  allow  the  sample  to  remain  48  hrs.  in 
listihed  water  maintained  as  nearly  as  practicable  at  2  5°C.  (77°F.),  at  the 
ermination  of  which  time  bring  the  water  to  exactly  this  temperature  and 
veigh  the  sample  while  immersed  in  it;  sixth,  the  number  of  pounds  of  water 
ibsorbed  per  cubic  foot  of  the  sample  shall  be  calculated  by  the  following 
ormula: 

\yn  —  \Yi 

Pounds  of  water  absorped  per  cubic  foot  =  -= ==-  X  62.24,  in  which 

W  —   Wi 

¥  =  the  weight  in  grams  of  sample  in  air,  W\  =  the  weight  in  grams  of 
ample  in  water  just  after  immersion,  W2.  equals  weight  in  grams  in  water 
fter  48  hours  immersion  and  62.24  =  the  weight  in  pounds  of  a  cubic  foot 
f  distilled  water  having  a  temperature  of  25°C.  (77°F.). 

'Finally,  the  absorption  of  water  per  cubic  foot  of  the  rock,  in  pounds, 
hall  be  the  average  of  three  determinations  made  on  three  different  samples 
ccording  to  the  method  above  described. 

"Fracture. — Stone  suitable  for  road  work  should  crush  in  cubical  shapes 
ather  than  in  thin,  flat  pieces,  and  preferably  with  rough  jagged  fracture 
hat  it  may  interlock  firmly  under  action  of  the  roller. 

"Geological  Classification. — The  geological  classification  is  determined 
rom  an  examination  with  a  microscope  or  powerful  hand  glass,  and  a  con- 
deration  of  its  origin.  Great  refinements  are  avoided  as  the  general 
lassification  is  all  that  is  necessary  to  the  highway  engineer  after  the  physical 
ualities  are  ascertained  by  test." 

1  American  Society  of  Testing  Materials. 
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Table    119. — 

MATERIALS 

Geological  Classification 

Class 

Type 

Family 

I.   Igneous 

1.  Intrusive 

(plutonic) 

2.  Extrusive 

(volcanic) 

1.  Calcareous 

2.  Siliceous 

1.  Foliated 

• 

2.  Non-foliated 

a.  Granite 

b.  Syenite 
•  c.    Diorite 

d.  Gabbro 

e.  Peridotite 

a.  Rhyolite 

b.  Trachyte 
■  c.    Andesite 

d.  Basalt  and 
diabase 

f  a.  Limestone 
\  b.   Dolomite 

[  a.  Shale 

\  b.   Sandstone 

[c.    Chert  (flint) 

(  a.   Gneiss 
<  b.   Schist 
[  c.    Amphibolite 

f  a.  Slate 
1  b.   Quartzite 
I  c.   Eclogite 
[  d.   Marble 

II.   Sedimentary 

III.   Metamorphic 

: 
. 
: 

ROCK  PROPERTIES 
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Table  120. — Taken  from  Bulletin  31,  U.  S.  Office  of  Public 

Roads 


Rock  varieties 


Granite    

Biotite-granite 

Hornblende-granite 

Augite-syenite 

Diorite 

Augite-diorite 

Gabbro    

Peridotite    ........ 


Rhyolite    

Andesite  ..... 
Fresh  basalt  . . 
Altered  basalt  . 
Fresh  diabase  . 
Altered  diabase 


Limestone 

Dolomite 

Sandstone   

Feldspathic  sandstone 
Calcareous  sandstone 
Chert 


Granite-gneiss 

Hornblende-gneiss 

Biotite-gneiss 

Mica-schist 

Biotite-schist 
Chlorite-schist    .  . . 
Hornblende-schist 
Amphibolite   


Slate 

Quartzite 

Feldspathic  quartzite 
Pyroxene  quartzite    . 

Eclogite    

Epodosite , 


Per  cent 
weara 


Tough- 
ness 


3-5 

4.4 
2.6 
2.6 
2.9 
2.8 
2.8 
4.0 

37 
4-7 
3-3 

5-3 
2.0 

2-5 

5-6 
5-7 
6.9 
3-3 
74 
10.8 

3-8 
3-7 
3-2 
4.4 
4.0 
4.2 

3-7 
2.9 

4-7 
2.9 

3-2 

2-3 

2.4 

3-6 


IS 

10 
21 
10 
21 

19 
16 
12 

20 
11 
23 
17 
30 
24 

10 
10 
26 
17 
15 


12 

10 

19 
10 


21 
10 

12 
19 
17 
27 

3i 
16 


Hard- 
ness 


18. 1 
16.8 
18.3 
18.4 
18.I 
17.7 
17.9 

15-2 

17.8 

13-7 
I7.I 

15-6 
18.2 

17-5 

12.7 
14.8 
17.4 
15-3 
8-3 
19.4 

17.7 
17.1 

17-5 
17.8 


16.5 
19.0 

Li-5 

18.4 

18.3 
18.6 

17.4 
16.0 


Cementing 
value 


20 
17 
3° 
24 
4i 
55 
29 
28 

48 
189 
in 
239 

49 
156 

60 
42 
90 
119 
60 
27 

26 
30 
4i 
30 
16 
24 

53 
29 

102 

17 
21 

17 

21 

47 


Specific 
gravity 


2.65 
2.64 
2.76 
2.80 
2.90 
2.98 
3.OO 
3-40 

2.6o 
2.50 
2.90 

2-75 
3.00 

2-95 

2.70 
2.70 

2-55 
2.70 
2.66 
2.50 

2.68 
3.02 
2.76 
2.80 
2.70 
2.90 
3.00 
3.00 

2.80 
2.70 
2.70 
3.00 
3-3° 
3-03 


a  To  convert  %  of  wear  to  French  coefficient,  see  table  on  page  706. 
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Table    121. — From   Annual   Report   N.    Y.    State    Highway 

Commission,  19 14 


County 


Number 
of  com- 
plete 
tests 


Number 
of 

partial 

tests 

(no  core 

piece) 


Weight 
lbs.  per 
cu.  ft. 


Water 

ab- 
sorbed, 
lbs.  per 
cu.  ft. 


French 

coeffi- 

cientof 

abrasion 


Hard- 
ness 


Tough- 
ness 


Erie 

Saratoga. 
Steuben . . 

Clinton. . 
Dutchess. 
Essex .... 
Franklin 
Fulton . . . 
Herkimer 
Monroe . . 
Montgomery 

Niagara 

Saratoga. . . . 
St.  Lawrence 
Washington . 

Dutchess . .  . 
Herkimer . . . 
Montgomery 
Niagara .... 
St.  Lawrence 
Washington . 
Wayne 


Essex... 
Warren. 


Clinton .... 
Dutchess... 

Essex 

Franklin . . . 

Fulton 

Hamilton . . 
Jefferson .  . . 

Lewis 

Orange .... 

Putnam 

Saratoga . . . 
St.  Lawrence 

Warren 

Washington . 
Westchester . 

Essex 

Franklin .... 
Hamilton.  .  . 
Jefferson .... 

Lewis 

Oneida 

St.  Lawrence 
Warren 


7 
7 
4 
4 

46 
4 


Calcareous  Sandstone 

[67     I  0.65 

[69        0.31 

162     I  1.44 

Dolomite 


s 

. . . 

167' 

1  0-65 

9-5 

12.9 

13-4 

6 

169 

Q-3I 

10. 1 

15-9 

13.8 

4 

1 

162 

1  I.44 

9.4 

I5-I 

I3-I 

6 

175 

0.41 

11.9 

15.8 

12.7 

4 

1 

174 

o-43 

12.4 

17-3 

11.9 

4 

173 

0.42 

13-5 

16.9 

15-8 

4 

174 

0.51 

95 

14.9 

12. 1 

4 

176 

0.15 

11.8 

16.1 

14.4 

17 

173 

0.67 

8.4 

I3-I 

6.7 

13 

2 

171 

1.07 

10.3 

14.8 

8.2 

8 

174 

o.39 

10.6 

14.7 

H-3 

n 

168 

1-50 

6-5 

14.0 

7-0 

8 

174 

o.33 

8.6 

15-5 

9.2 

3i 

174 

0.65 

10.5 

15-7 

9.9 

6 

175 

0.29 

10.7 

IS- 1 

10.5 

Dolomtic  Limestone 


176 
170 

i75 
166 
168 
175 
173 


0.46 

0.47 

0.41 

2.19 

0.38 

0.36 

0.59 

Gabbro 

176     I  0.29 

183      I  0.37 

Gneiss 


9.0 

14.9 

10.9 

"-3 

16.7 

8.2 

13-0 

15.8 

12.4 

9-5 

I3-I 

7-8 

9.2 

16.8 

6.8 

13-7 

16.1 

10.8 

10.2 

15.5 

8-7 

7.6 

IO.I 


17-3 
17.7 


Granite 


6.9 
9.8 


5 

185 

0.27 

10.5 

17.2 

ii-3 

8 

1 

172 

0.58 

7.0 

17.1 

9.1 

29 

2 

176 

0.31 

8.4 

17. 1 

8.1 

8 

178 

0.50 

6.2 

16.1 

7-8 

12 

1 

169 

0.25 

11. 1 

17.8 

ii-5 

11 

173 

o.37 

8.2 

17.0 

5-8 

26 

1 

171 

0.23 

11. 1 

17.3 

12.0 

6 

167 

0.27 

9.6 

17.9 

10.6 

7 

179 

0.38 

7-i 

17. 1 

6.4 

10 

1 

172 

0.32 

8-5 

16.6 

7-5 

7 

180 

0.20 

10.0 

17.0 

8.5 

52 

172 

0.27 

9-7 

17-5 

10.2 

30 

2 

173 

0.30 

7-5 

17-3 

6-5 

4 

170 

0.29 

8-5 

17.1 

10.9 

37 

2 

171 

o.39 

8.3 

16.9 

7-8  I 

5 

. . . 

171 

0.38 

7-5 

18.0 

5-i 

6 

165 

0.31 

8.7 

17.9 

9.4 

5 

165 

0.36 

9.9 

18.1 

9.0 

23 

1 

166 

0.23 

12. 1 

18.4 

IO.I 

8 

166 

0.36 

10.9 

18.4 

9.2 

6 

166 

0.13 

10.2 

18.9 

8.2 

30 

. . . 

16S 

0.25 

9.9 

18.3 

8.1 

5 

165 

o.45 

7-9 

17.9 
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Table  121 — Continued 


County 


Number 
of   com- 
plete 
tests 


Number 

of 

partial 

tests 

(no  core 

piece) 


Weight, 
lbs.  per 
cu.  ft. 


Water 

ab- 
sorbed, 
lbs.  per 
cu.  ft. 


French 
coeffi- 
cient of 
abrasion 


Hard- 
ness 


Tough- 
ness 


Weighted 
value 


Limestone 


Albany 

Cayuga 

Clinton 

Columbia . .  . 

Erie 

Fulton 

Genesee .... 

Greene 

Herkimer. .  . 
Jefferson. . . . 

Lewis 

Madison. . . . 

Monroe 

Montgomery 

Niagara 

Oneida 

Onondaga. . . . 

Ontario 

Otsego 

Rensselaer.  . 
Saratoga. . . . 
Schoharie . .  . 

Seneca 

Ulster 

Warren 

Washington  . 


Dutchess. 


Columbia . . . 

Dutchess 

Rensselaer.  . 
Washington . 


Allegheny 
Broome. .. 
Cayuga. . . 
Chenango. 
Clinton.  .  . 
Delaware . 

Erie 

Franklin.  . 
Greene .  . . 
Herkimer . 
Jefferson. . 
Livingston , 
Madison . 
Niagara . 
Orleans . . 
Otsego . . 
Saratoga 


13 

7 

168 

0.60 

7-9 

14.3 

6.4 

59 

34 

6 

170 

0.49 

8.8 

14.9 

7-8 

64 

14 

2 

170 

0.28 

8.2 

14.1 

5-3 

58 

12 

170 

0.28 

9.1 

15-3 

9.2 

07 

0. 

3 

167 

o.57 

8.1 

16.6 

8-3 

66 

6 

1 

168 

0.21 

7-7 

15-5 

6.5 

60 

6 

3 

169 

0.26 

8.0 

15.0 

8.2 

62 

n 

169 

0.36 

11. 1 

16.4 

8.9 

75 

17 

9 

169 

0.26 

8-7 

14.8 

8.2 

64 

105 

44 

169 

0.28 

7-6 

i5-i 

6.4 

59 

26 

20 

169 

0.32 

6.9 

14.1 

6.2 

55 

16 

I 

169 

0.23 

8.4 

14.7 

7-7 

62 

4 

168 

0.27 

8.1 

14.1 

7-4 

60 

12 

2 

169 

0.24 

8.5 

15-3 

8.0 

64 

11 

1 

168 

0.84 

7-1 

12.8 

6.5 

53 

31 

19 

169 

0.29 

7.8 

13-8 

6.6 

58 

25 

1 

170 

0.38 

8.9 

15-7 

8.4 

67 

II 

169 

0.39 

10.2 

15-9 

10.2 

73 

7 

2 

169 

0.32 

8.1 

14.1 

6.3 

59 

4 

I 

171 

0.21 

7-5 

15.0 

5-3 

58 

5 

170 

0.24 

8.7 

13-7 

7.0 

60 

29 

2 

169 

0.34 

8.1 

14.9 

6.7 

61 

7 

3 

169 

0.21 

9-4 

15-3 

7-9 

67 

12 

3 

170 

0.25 

8.1 

i5.o 

7-4 

63 

5 

170 

0.24 

8.9 

15-7 

7-4 

66 

5 

3 

169 

0.34 

7-9 

15-5 

6.9 

62 

16 
s 

10 


4 
15 
14 
53 

8 

5 
6 

4 
8 

4 

5 

7 

8 

21 

^5_ 


I         4     I 


Marble 
I    178     I  0.30 


!    14-2' 


6.0 


QUARTZITE 

168 

O.28 

16.5 

18.3 

17- 1 

166 

O.36 

13.5 

18.8 

11. 8 

166 

O.49 

12. 1 

18.7 

14.8 

167 

O.40 

I4.6 

18.9 

16.3 

Sandstone 


156 
165 
167 
164 
163 
167 
159 
157 
169 
160 
156 
160 
163 
158 
155 
162 
163 


2.10 
1.29 
1. 16 
1.58 
0.71 

1-45 
2.10 
1.06 
0.62 
2.50 
1.46 
3-02 

2. IS 

1.78 
2.18 

I.7S 
0.36 


8.4 
7.8 
7.8 
8.7 

11.7 
7.o 
6.3 
9-7 
8.6 

10.9 
8.3 
8.8 

9-9 
9.0 

11.8 
8.4 

10.7 


13.4 

9-1 

12.9 

10.5 

12. 1 

10. s 

II. 2 

10.4 

18.5 

11.0 

12.7 

8.5 

5-i 

7.8 

17.9 

7-i 

14-5 

8.1 

16.4 

10.7 

16.2 

6.3 

0.6 

8.8 

13-9 

8.6 

16.4 

8.2 

14.4 

8.1 

11. 9 

9.6 

18.0 

8.7 

103 
90 


61 

60 
58 

59 
83 
55 
37 
72 
63 
76 
64 
54 
66 
68 
72 
59 
77 
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Table  121 — Continued 


County 


Number 
of  com- 
plete 
tests 


Number 

of 

partial 

tests 

(no  core 
piece) 


Weight, 

lbs.  per 

cu.  ft. 


Water 

ab- 
sorbed, 
lbs.  per 
cu.  ft. 


French 
coeffi- 
cient of 
abrasion 


Hard- 
ness 


Tough- 
ness 


W  eighted 
value     1 


Schoharie  . . . 
Schuyler.  . . . 

Seneca 

Steuben 

St.  Lawrence 
Sullivan .... 

Ulster 

Wyoming .  . . 

Albany ..... 
Columbia . .  . 
Dutchess... . 

Greene 

Montgomery 
Rensselaer.  . 
Saratoga.. .  . 
Schenectady 
Ulster 

Essex 

Franklin .... 
Herkimer .  .  . 
Jefferson. .  .  . 

Rockland .  .  . 


6 

4 

5 

22 

16 

30 

8 

7 


Sandstone.  —  Cotttinued 

165         1. 21  9.4 

162         2.14  8.1 

165  0.86  11.0 
157  2.79  8.3 
159  o-79  10.0 
164         1.26  6.5 

166  0.64  8.0 
159         2.54  6.0 

Sandy  Grit 


15-2 
11.6 
13.9 

9-3 
17.8 
14.9 
14-3 

5-1 


11.7 

10.6 

15-8 

10.0 

7.2 

8.2 

8.1 

7-9 


5 

167 

o.75 

7-5 

13-2 

7.2 

12 

168 

0.32 

10.7 

15-9 

11. 7 

10 

2 

168 

o.57 

8.1 

16.2 

n-5 

13 

169 

0.48 

7-i 

15-6 

9-5 

4 

166 

1-39 

IO.I 

ii-3 

11.8 

10 

169 

0.44 

9.1 

15-9 

9.4 

5 

168 

0.99 

11.8 

15-2 

11.9 

4 

165 

1. 10 

9.2 

14.6 

9-5 

7 

169 

0.59 

7-5 

13.8 

10.2 

Syenite 


7 

184 

0.52 

7-7 

17.1 

6.7 

4 

171 

o.45 

IO.I 

18.3 

8.0 

13 

174 

0.16 

12.5 

18.0 

11.6 

7 

176 

o.34 

12.4 

18.1 

14-5 

183 


Trap 
I   Q-39 


13.2     I   17-6  I    1.64    [ 


70 
58 
77 
54 
73 
58 
61 
36 

56 
76 
68 
62 
65 
69 
78 
66 
60 

64 
75 
85 
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The  following  quotation  from  Bulletin  31  Office  of  Public  Roads 
describes  the  characteristics  of  the  three  groups: 

"Igneous  Rocks. — All  rocks  of  the  igneous  class  are  presumed  to  have 
solidified  from  a  molten  state,  either  upon  reaching  the  earth's  surface  or  at 
varying  depths  beneath  it.  The  physical  conditions,  such  as  heat  and 
pressure,  under  which  the  molten  rock  magma  consolidated,  as  well  as  its 
chemical  composition  and  the  presence  of  included  vapors,  are  the  chief 
features  influencing  the  structure.  Thus,  we  find  the  deep-seated,  plutonic 
rocks  coarsely  crystalline  with  mineral  constituents  wrell  denned,  as  in  case  of 
granite  rocks,  indicating  a  single,  prolonged  period  of  development,  whereas 
the  members  of  the  extrusive  or  volcanic  types,  solidifying  more  rapidly  at 
the  surface,  are  either  fine  grained  or  frequently  glassy  and  vesicular,  or 
show  a  porphyritic  structure.  This  structure  is  produced  by  the  develop- 
ment of  large  crystals,  generally  by  a  recurrence  of  mineral  growth  during 
the  effusive  period  of  magmatic  consolidation. 

"In  the  arrangement  of  the  rock  families  from  a  mineralogical  standpoint, 
it  will  be  noted  that  the  plutonic-rock  types,  granite,  syenite,  and  diorite,  are 
represented  by  their  equivalent  extrusive  varieties,  rhyolite  and  andesite, 
and  that  diabase  has  been  included,  somewhat  arbitrarily,  writh  basalt, 
as  a  volcanic  representative  of  gabbro.  These  latter  rocks  are  of  special 
interest,  owing  to  their  wide  distribution  and  general  use  in  road  construc- 
tion. They  occur  in  the  forms  of  dykes,  intruded  sheets,  or  volcanic  flows, 
and  vary  in  structure  from  glassy  prophyritic  (typical  basalt)  to  wholly 
crystalline  and  even  granular  (diabase).  Their  desirable  qualities  for  road 
building  are  caused  to  a  large  extent  by  a  peculiar  interlocking  of  the  mineral 
components  (ophitic  structure),  yielding  a  very  tough  and  resistant  material 
well  qualified  to  sustain  the  wear  of  traffic. 

"Igneous  rocks  vary  in  color  from  the  light  gray,  pink,  and  brown  to  the 
acid  granites,  syenites,   and  their  volcanic  equivalents   (rhyolite,   andesite, 
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etc.)  to  the  dark  steel  gray  or  black  of  the  basic  gabbro,  peridotite,  diabase, 
and  basalt.  The  darker  varieties  are  commonly  called  "trap."  This 
term  is  in  very  general  use  and  is  derived  from  trappa,  Swedish  for  stair, 
because  rocks  of  this  kind  on  cooling  frequently  break  in  large  tabular 
masses,  as  may  be  seen  in  the  exposures  of  diabase  on  the  west  shore  of  the 
Hudson  River  from  Jersey  City  to  Haverstraw. 

"Sedimentary  Rocks. — The  sedimentary  rocks  as  a  class  represent  the 
consolidated  products  of  former  rock  disintegration,  as  in  the  case  of  sand- 
stone, conglomerate,  shale,  etc.,  or  they  have  been  formed  from  an  accumula- 
tion of  organic  remains  chiefly  of  a  calcareous  nature,  as  is  true  of  limestone 
and  dolomite.  These  fragmental  or  clastic  materials  have  been  transported 
by  water  and  deposited  mechanically  in  layers  on  the  sea  or  lake  bottoms, 
producing  a  very  characteristic  bedded  or  stratified  structure  in  many  of  the 
resulting  rocks. 

"In  the  case  of  certain  oolitic  and  travertine  limestones,  hydrated  iron 
oxides,  siliceous  deposits,  such  as  geyserite,  opal,  flint,  chert,  etc.,  the 
materials  have  been  formed  chiefly  by  chemical  precipitation  and  show 
generally  a  concentric  or  colloidal  structure.1     Oolitic  and  pisolitic  limestones 

1  Merrill,  G.  P.,  "Rocks,  Rock  Weathering,  and  Soils,"  pp.  104-114,  1897. 
consist  of  rounded  pea-like  grains  of  calcic  carbonate  held  together  by  a 
calcareous  cement.  Travertine  is  the  so-called_  "onyx  marble"  of  Mexico 
and  Arizona.  It  is  a  compact  rock,  concentric  in  structure,  and  formed  by 
the  precipitation  of  carbonate  of  lime  from  the  waters  of  springs  and  streams. 

"Loose  or  unconsolidated  rock  debris  of  a  prevailing  siliceous  nature 
comprise  the  sands,  gravels,  finer  silts,  and  clays  (laterite,  adobe,  loess,  etc.). 
Shell  sands  and  marls,  on  the  other  hand,  are  mainly  calcareous,  and  are 
formed  by  an  accumulation  of  the  marine  shells  and  of  lime-secreting  ani- 
mals. Closely  associated  with  the  latter  deposits  in  point  of  origin  are  the 
beds  of  diatomaceous  or  infusorial  earth  composed  almost  entirely  of  the 
siliceous  casts  of  diatoms,  a  low  order  of  seaweed  or  algas. 

"This  unconsolidated  material  may  pass  by  imperceptible  gradations  into 
representative  rock  types  through  simple  processes  of  induration.  Thus  clay 
becomes  shale,  and  that  in  turn  slate,  without  necessarily  changing  the 
chemical  or  mineralogical  composition  of  the  original  substance. 

"Such  terms  as  flagstone,  freestone,  brownstone,  bluestone,  graystone, 
etc.,  are  generally  given  to  sandstones  of  various  colors  and  composition, 
while  puddingstone,  conglomerate,  breccia,  etc.,  apply  to  consolidated  gravels 
and  coarse  feldspathic  sands. 

'The  calcareous  rocks  are  of  many  colors,  according  to  the  amount  and 
character  of  the  impurities  present. 

"Metamorphic  Rocks. — Rocks  of  this  class  are  such  as  have  been  pro- 
duced by  prolonged  action  cf  physical  and  chemical  forces  (heat,  pressure, 
moisture,  etc.)  on  both  sedimentary  and  igneous  rocks  alike.  The  foliated 
types  (gneiss,  schist,  etc.)  represent  an  advanced  stage  of  metamorphism  on 
.  large  scale  (regional  metamorphism),  and  the  peculiar  schistose  or  foliated 
tructure  is  due  to  the  more  or  less  parallel  arrangement  of  their  mineral 
components.  The  non-foliated  types  (quartzite,  marble,  slate,  etc.)  have 
resulted  from  the  alteration  of  sedimentary  rocks  without  materially  affecting 
:he   structure   and   chemical   composition   of   the   original  material. 

"Rocks  formed  by  contact  metamorphism  and  hydration,  such  as  hornfels 
pyroxene  marble,  serpentine,  serpentineous  limestone,  etc.,  are  of  great 
nterest  from  a  petographical  standpoint,  but  are  rarely  of  importance  as 
oad  materials. 

"The  color  of  metamorphic  rock  varies  between  gray  and  white  of  the 
Durer  marbles  and  quartzites  to  dark-grey  and  green  of  the  gneiss,  schists, 
ind  amphibolites.  The  green  varieties  are  commonly  known  as  greenstones, 
>r  greenstone  schists." 

Interpretation  of  Tests. — It  has  been  found  impractical  to  specify 
definite  qualities  of  stone  for  use  in  macadam  highways.  Economy 
ind  practical  engineering  demand  that  all  available  sources  be 
onsidered.  Tests  are  made  to  determine  the  relative  qualities 
)f  stone  from  these  different  sources  and  the  results  used  as  a  guide 
or  selection. 

In  the  work  of  the  New  York  State  Highway  Commission  all 
ests  are  tabulated  geographically,  using  a  county  as  a  unit.  Table 
21  is  compiled  from  the  records  of  this  department.     It  will  be 
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noted  that  comparisons  are  made  in  different  classifications  only, 
as  it  is  considered  that  conclusions  should  not  be  drawn  from  a 
comparison  of  tests  procured  from  materials  having  different  origins 
and  composed  of  different  minerals. 

For  the  purpose  of  ready  comparison  a  figure  known  as  the 
"weighted  value"  has  been  introduced  (see  last  column  of  table). 
This  is  computed  by  giving  relative  weights  of  3  to  the  French 
coefficient,  2  to  the  hardness,  1  to  the  toughness  values,  and  adding 
three  together.  These  relative  weights  were  determined  from  a 
consideration  of  the  amount  of  material  used  in  the  different  tests 
and  the  personal  equation  of  running  them. 

By  consulting  these  tables,  the  available  rocks  of  different  classi- 
fications in  various  sections  throughout  New  York  State  can  be 
determined  readily,  and  as  new  tests  are  completed  they  are  com- 
pared with  good  average  material  from  that  section. 

Conclusions. — Trap  (diabase),  granite,  gneiss,  quartzite,  sand- 
stone, and  limestone  are  the  most  common  rocks  and  when  found 
in  a  good  state  of  preservation  make  good  surfacing  materials 
(see  Chap.  VI,  pp.  440  and  446,  for  acceptable  test  values,  macadam 
top  course  stones). 

As  generally  found,  trap  is  uniform  in  hardness  and  toughness, 
making  an  excellent  material  for  use  in  top  course. 

Granite  and  gneiss,  where  they  occur  with  hornblende  replacing 
a  large  percentage  of  the  quartz,  make  an  excellent  surfacing  stone 

Quartzites  when  found  in  a  good  state  of  preservation  are  hare 
and  tough.  They  should  not  be  confused  with  crystalline  quartz 
which  is  hard  but  brittle. 

Sandstones  are  extremely  variable  and  only  the  better  varietie: 
should  be  used. 

Limestones  range  from  the  fine-grained  dense  products  whicl 
are  hard  and  tough  to  the  coarse-grained  soft  products  which  ar< 
not  suitable  for  surfacing. 

2.  SCREENINGS 


Screenings  act  as  a  filler  and  binder  for  water-bound  macadan 
and  as  a  partial  filler  for  bituminous  macadam.  For  use  in  water 
bound  construction  the  main  mineral  constituent  is  the  most  essen 
tial  feature  to  be  considered,  as  this  must  be  a  material  that  wil 
form  a  binder  and  "puddle"  readily  when  subjected  to  the  action  o 
a  road  roller  and  water. 

Limestone  screenings  have  proved  the  most  efficient  as  a  binde 
in  water-bound  construction,  although  trap  and  some  other  igneou 
rocks  can  be  bound  with  their  own  dust  by  repeated  puddling 
Screenings  consisting  mainly  of  quartz  have  not  been  used  success 
fully  in  water-bound  construction  except  by  the  addition  of  som 
limestone  screenings.  The  use  of  a  percentage  of  clay  or  loam  a 
a  binder  is  not  advisable  except  where  the  cost  of  limestone  screen 
ings  would  be  prohibitive. 

Laboratory  methods  for  testing  the  cementing  power  of  rocl 
powders  are  available,  but  the  results  obtained  are  erratic  ani 
undependable. 
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In  plain  water-bound  roads  it  is  often  necessary  to  mix  some 
limestone  screenings,  fine  sandy  loam,  or  even  a  small  percentage  of 
clay  loam  with  trap,  granite,  sandstone,  quartzite,  or  gneiss  screen- 
ings to  get  a  good  bond  and  prevent  raveling  in  dry  weather. 

3.  BOTTOM-COURSE  MACADAM  STONE 

As  the  bottom  stone  simply  spreads  the  wheel  loads  transmitted 
through  the  top  course  and  is  not  directly  subjected  to  the  traffic 
action,  almost  any  stone  that  breaks  into  cubical  irregular  shapes 
that  mil  not  air  or  water  slake,  and  that  is  hard  enough  to  stand  the 
action   of    the    roller    during   construction,    will    be    satisfactory. 

Any  of  the  materials  listed  in  Table  120,  except  shale  and  slate, 
can  be  used,  provided  they  are  not  rotten  from  long  exposure  in 
the  air.  The  different  available  varieties  are  usually  tested  in 
the  same  manner  as  for  top  stone  in  order  to  pick  the  best. 
Blast-furnace  crushed  slag  makes  an  excellent  bottom  course  but 
is  not  uniform  enough  for  top  course. 

4.  FILLERS 

Fillers  are  used  in  the  bottom  course  to  fill  the  voids  between 
the  crushed  stone  and  to  prevent  rocking  or  sidewise  movement  of 
the  larger  pieces. 

They  should  be  easy  to  manipulate  in  placing,  should  not  soften 
when  wet,  or  draw  water  up  from  the  subgrade  by  capillary  action. 
The  materials  most  used  for  macadam  bottom  are: 
Coarse  sandy  loam. 
Coarse  sand. 

Gravel  with  large  excess  of  fine  material. 
Stone  screenings. 
The  fitness  of  the  material  can  be  determined  by  inspection  and 
by  wetting  a  handful;  if  it  gets  sticky  or  works  into  a  soft  mud 
it  should  not  be  used. 

Boulder  or  Telford  Base  Fillers. — This  type  of  construction 
equires  the  use  of  clean,  hard,  gravel  fairly  coarse  (at  least  40% 
etained  on  }4/'  screen)  with  not  over  15%  of  loam  or  silt  content, 
or  broken  stone,  slag,  or  chert.  If  broken  stone  is  used,  the  voids 
3f  the  stone  must  be  filled  with  the  same  class  of  sand  or  screenings 
is  stipulated  for  macadam  bottom. 

5.  VITRIFIED  BRICK 

Bricks  must  withstand  the  same  destructive  agencies  as  described 
'or  top  stone.  They  must  be  uniform  in  size,  tough,  hard,  dense, 
:venly  burned,  and,  on  account  of  their  peculiar  shape,  must  have 
1  high  resistance  against  rupture.  These  properties  are  tested  by 
:he  standard  methods  adopted  by  the  American  Brick  Manufac- 
.urers'  Association  described  below. 

It  should  be  understood  that  bricks  suitable  for  paving  are  manu- 
actured  in  a  different  way  and  of  different  materials  than  ordinary 
milding  bricks. 
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"The  materials  for  molding  any  paving  brick,  must  be  of  a  peculiar 
character  which  will  not  melt  and  flow  when  exposed  to  an  intense  heat  for 
a  number  of  days  but  will  gradually  fuse  and  form  vitreous  combinations 
throughout  while  still  retaining  its  form. 

"The  resulting  brick  must  be  a  uniform  block  of  dense  texture  in  which 
the  original  stratification  and  granulation  of  the  clay  has  been  wholly  lost  by 
fusion  which  has  stopped  just  short  of  melting  the  clay  and  forming  glass. 

"The  clay  while  fusing  must  shrink  equally  throughout,  thus  causing  the 
brick  to  be  without  laminations  or  of  any  exterior  vitrified  crust  differing 
from  the  interior."1 

The  great  majority  of  paving  bricks  are  made  in  Ohio,  Illinois, 
Indiana,  Pennsylvania,  West  Virginia,  and  New  York.  They 
are  classed  as  shale  or  fire-clay  brick. 

BRICK 

"Paving  brick  shall  be  reasonably  perfect  in  shape — shall  be  free  from 
marked  warping  or  distortion,  and  shall  be  uniform  in  size,  so  as  to  fit  closely 
together  and  to  make  a  smooth  pavement.  All  brick  shall  be  homogeneous 
in  texture  and  free  from  laminations  and  seams.  All  brick  shall  be  evenly 
burned  and  thoroughly  vitrified. 

"Soft,  brittle,  cracked,  or  spalled  brick,  or  brick  kiln  marked  to  a  height 
or  depth  of  over  ^4"  will  be  rejected. 

"If  brick  have  rounded  corners,  the  radius  shall  not  be  greater  than  Me" 

"Brick  must  not  have  less  than  two  nor  more  than  four  vertical  lugs  or 
projections  not  more  than  yi"  wide,  on  one  side  of  each  brick,  the  total  area  of 
all  lugs  being  not  more  than  3  sq.  in.,  so  that  when  laid  there  shall  be  a 
separation  between  the  bricks  of  at  least  Y% "  and  not  more  than  3-£"-  The 
imprint,  or  name  of  the  brick,  or  maker,  if  used,  shall  not  be  by  means  of 
recessed,  nor  by  raised  letters.  The  two  ends  of  the  brick  shall  have  a 
semicircular  groove,  with  a  radius  of  not  less  than  yi"  and  not  more  than  J4". 
Grooves  shall  be  so  located  that  when  the  bricks  are  laid  together  the 
grooves  shall  match  perfectly;  grooves  shall  be  horizontal  when  brick  is 
laid  in  pavement. 

"All  brick  shall  not  be  less  than  zYi  by  2>Y\  by  8>£"  nor  more  than  3K 
by  4  by  9"  in  size. 

"All  brick  shall  be  subject  to  tests  for  abrasion  and  impact,  for  absorp- 
tion according  to  the  standard  methods  prescribed  by  the  National  Brick 
Manufactures'  Association,  as  follows: 

"The  Rattler. — The  machine  shall  be  of  good  mechanical  construction, 
self-contained,  and  shall  conform  to  the  following  details  of  material  and 
dimensions,  and  shall  consist  of  barrel,  frame,  and  driving  mechanism  as 
herein  described. 

"The  Barrel. — The  barrel  of  the  machine  shall  be  made  up  of  the  heads, 
headliners,  and  staves. 

"The  heads  shall  be  cast  with  trunnions  in  one  piece.  The  trunnion 
bearings  shall  not  be  less  than  2^2"  m  diameter  or  less  than  6"  in  length. 

"The  heads  shall  not  be  less  than  £4"  thick  nor  more  than  J-6".  In  out- 
line they  shall  be  a  regular  14-sided  polygon  inscribed  in  a  circle  28%"  in 
diameter.  The  heads  shall  be  provided  with  flanges  not  less  than  $4"  thick 
and  extending  outward  2p^"  from  the  inside  face  of  head  to  afford  a  means  of 
fastening  the  staves.  The  flanges  shall  be  slotted  on  the  outer  edge,  so  as  to 
provide  for  two  %"  bolts  at  each  end  of  each  stave,  said  slots  to  be  1^6// 
wide  and  2%"  center  to  center.  Under  each  section  of  the  flanges  there 
shall  be  afbrace  %"  thick  and  extending  down  the  outside  of  the  head  not  less 
than  2".  Each  slot  shall  be  provided  with  recess  for  bolt  head,  which  shall 
act  to  prevent  the  turning  of  same.  There  shall  be  for  each  head  a  cast- 
iron  headliner  1"  in  thickness  and  conforming  to  the  outline  of  the  head,  but 
inscribed  in  a  circle  28^"  in  diameter.  This  liner  or  wear  plate  shall  be 
fastened  to  the  head  by  seven  ^g"  cap  screws,  through  the  head  from  the 
outside.  These  wear  plates,  whenever  they  become  worn  down  \^"  below 
their  initial  surface  level,  at  any  point  of  their  surface,  must  be  replaced  with 
new.  The  metal  of  which  these  wear  plates  is  to  be  composed  shall  be  what 
is  known  as  hard  machinery  iron,  and  must  contain  not  less  than  1  %  of  com- 
bined carbon.      The  faces  of  the  polygon  must  be  smooth  and  give  uniform 

1  Judson,  "Roads  and  Pavements,"  p.  87. 
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Fig.   257. — Details  of  brick  rattler 
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bearing  for  the  staves.     To  secure  the  desired  uniform  bearing  the  faces  of 
the  head  may  be  ground  or  machined. 

"The  Staves. — The  staves  shall  be  made  of  6"  medium  steel  structural 
channels  27^"  long  and  weighing  15.5  lb.  per  lineal  foot. 

"The  channels  shall  be  drilled  with  holes  x%$"  in  diameter,  two  in  each 
end,  for  bolts  to  fasten  same  to  head,  the  center  line  of  the  holes  being  1" 
from  either  end  and  i%"  either  way  from  the  longitudinal  center  line. 

"The  space  between  the  staves  will  be  determined  by  the  accuracy  of 
the  heads,  but  must  not  exceed  SKe".  The  interior  or  flat  side  of  each 
channel  must  be  protected  by  a  lining  or  wear  plate  %"  thick  bv  5M" 
wide  by  19%"  long.  The  wear  plate  shall  consist  of  medium  steel  plate,  and 
shall  be  riveted  to  the  channel  by  three  H"  rivets,  one  of  which  shall  be  on 
the  center  line  both  ways  and  the  other  two  on  the  longitudinal  center  line 
and  spaced  7"  from  the  center  each  way.  The  rivet  holes  shall  be  coun- 
tersunk on  the  face  of  the  wear  plate  and  the  rivets  shall  be  driven  hot  and 
chipped  off  flush  with  the  surface  of  the  wear  plate.  These  wear  plates 
shall  be  inspected  from  time  to  time,  and  if  found  loose  shall  be  at  once 
riveted,  but  no  wear  plate  shall  be  replaced  by  a  new  one  except  as  the  whole 
set  is  changed.  No  set  of  wear  plates  shall  be  used  for  more  than  150  tests 
under  any  circumstances.  The  record  must  show  the  date  each  set  of  wear 
plates  goes  into  service  and  the  number  of  tests  made  upon  each  set. 

"The  staves  when  bolted  to  the  heads  shall  form  a  barrel  20"  long,  inside 
measurement,  between  wear  plates.  The  wear  plates  of  the  staves  must  be 
so  placed  as  to  drop  between  the  wear  plates  of  the  heads.  These  staves 
shall  be  bolted  tightly  to  the  heads  by  four  %"  bolts,  and  each  bolt  shall 
be  provided  with  lock  nuts  and  shall  be  inspected  at  not  less  frequent 
intervals  than  every  fifth  test  and  all  nuts  kept  tight.  A  record  shall  be 
made  after  each  inspection,  showing  in  what  conditions  the  bolts  were  found. 

"The  Frame  and  Driving  Mechanism. — The  barrel  should  be  mounted  or 
a  cast-iron  frame  of  sufficient  strength  and  rigidity  to  support  same  withoul 
undue  vibration.  It  should  rest  on  a  rigid  foundation  and  be  fastened  tc 
same  by  bolts  at  not  less  than  four  points. 

"It  should  be  driven  by  gearing  whose  ratio  of  driver  to  driven  should  no' 
be  less  than  1 :  4.  The  counter  shaft  upon  which  the  driving  pinion  i: 
mounted  should  not  be  less  than  i1^^"  m  diameter,  with  bearings  not  les; 
than  18"  in  diameter  and  6}i"  in  face.  A  belt  of  6"  double-strength  leather 
properly  adjusted,  so  as  to  avoid  unnecessary  slipping,  should  be  used. 

"  (As  a  part  of  this  publication  will  be  found  a  complete  working  drawing 
of  a  machine  which  will  meet  the  above  specifications  and  requirements.) 

"The  Abrasive  Charge. — a.  The  abrasive  charge  shall  consist  of  two  size: 
of  cast-iron  spheres.  The  larger  size  shall  be  3%"  in  diameter  when  new 
approximately  7.5  lb.  (3.40  kilos)  each.      Ten  shall  be  used. 

"These  shall  be  weighed  separately  after  each  ten  tests,  and  if  the  weigh' 
of  any  large  shot  falls  to  7  lb.  (3.175  kilos)  it  shall  be  discarded  and  a  nev 
one  substituted;  provided,  however,  that  all  of  the  large  shot  shall  not  b( 
discarded  and  substituted  by  a  new  one  at  any  single  time,  and  that,  so  fa: 
as  possible,  the  large  shots  shall  compose  a  graduated  series  in  various  stage: 
of  wear. 

"The  smaller-size  spheres  shall  be,  when  new,  1.875"  in  diameter  anc 
shall  weigh  not  to  exceed  0.95  lb.  (0.430  kilo)  each.  Of  these  spheres  S( 
many  shall  be  used  as  will  bring  the  collective  weight  of  the  large  and  smal 
spheres  most  nearly  to  300  lb.,  provided  no  small  sphere  shall  be  retainec 
in  use  after  it  has  been  worn  down  so  that  it  will  pass  a  circular  hole  1^4' 
in  diameter,  drilled  in  a  cast-iron  plate  W  in  thickness,  or  weigh  less  thai 
0.75  lb.  (or  0.34  kilos).  Further,  the  small  spheres  shall  be  tested  b? 
passing  them  over  such  an  iron  plate  drilled  with  such  holes,  or  shall  b< 
weighed  after  every  ten  tests,  and  any  which  pass  through  or  fall  belov 
specified  weight  shall  be  replaced  by  new  spheres,  and  provided,  further 
that  all  of  the  small  spheres  shall  not  be  rejected  and  replaced  by  new  one 
at  any  one  time,  and  that  so  far  as  possible  the  small  spheres  shall  compos' 
a  graduated  series  in  various  stages  of  wear.  At  any  time  that  any  spher 
is  found  to  be  broken  or  defective  it  shall  at  once  be  replaced. 

"b.  The  iron  composing  these  spheres  shall  have  a  chemical  compositioi 
within  the  following  limits: 

Combined  carbon,  not  less  than  2.50%. 
Graphitic  carbon,  not  more  than  0.10%. 
Silicon,  not  more  than  1  %. 
Manganese,  not  more  than  0.50%. 
Phosphorus,  not  more  than  0.25%. 
Sulphur,  not  more  than  0.08%. 
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"For  each  new  batch  of  spheres  used  the  chemical  analysis  must  be  fur- 
nished by  the  maker,  or  be  obtained  by  the  user,  before  introduction  into  the 
charge,  and  unless  the  analysis  meets  the  above  specifications  the  batch  of 
Bpheres  shall  be  rejected. 

"The  Brick  Charge. — The  number  of  brick  per  charge  shall  be  ten  for  all 
bricks  of  the  so-called  "block  size"  whose  dimensions  fall  between  from  8  to 
g"  in  length,  3^4"  in  breadth,  and  3%  and  4W  in  thickness.  No  block 
should  be  selected  for  test  that  would  be  rejected  by  any  other  requirements 
for  the  specifications. 

"  The  brick  shall  be  clean  and  dried  for  at  least  3  hrs.  in  a  temperature  of 
ioo°F  before  testing, 

"Speed  and  Duration  of  Revolution. — The  rattler  shall  be  rotated  at  a 
uniform  rate  of  not  less  than  29}^  nor  more  than  30^  r.p.m.,  and  1800  revo- 
lutions shall  constitute  the  standard  test. 

"A  counting  machine  shall  be  attached  to  the  rattler  for  counting  the 
revolutions.  A  margin  of  not  to  exceed  ten  revolutions  will  be  allowed  for 
stopping.      One  start  and  stop  per  test  is  regular  and  acceptable. 

"The  Results. — The  loss  shall  be  calculated  in  percentage  of  the  original 
weight  of  the  dried  brick  composing  the  charge.  In  weighing  the  rattled 
brick,  any  piece  weighing  less  than  1  lb.  shall  be  rejected. 

"Records. — a.  The  operator  shall  keep  an  official  book,  in  which  the 
alternate  pages  are  perforated  for  removal.  The  record  shall  be  kept  in 
duplicate,  by  use  of  a  carbon  paper  between  the  first  and  second  sheets, 
and  when  all  entries  are  made  and  calculations  are  completed  the  original 
record  shall  be  removed  and  the  carbon  duplicate  preserved  in  the  book.  All 
calculations  must  be  made  in  the  space  left  for  that  purpose  in  the  record 
blank,  and  the  actual  figures  must  appear.  The  record  must  bear  its  serial 
number  and  be  filled  out  completely  for  each  test,  and  all  data  as  to  dates  of 
inspection  and  weighing  of  shot  and  replacement  of  worn-out  parts  must  be 
carefully  entered,  so  that  the  records  remaining  in  the  book  are  continuous. 
In  event  of  further  copies  of  a  record  being  needed,  they  may  be  furnished 
on  separate  sheets,  but  in  no  case  shall  the  original  carbon  copy  be  removed 
from  the  record  book. 

Report  of  Standard  Rattler  Test  of  Paving  Bricks 
Identification  Data  Serial  ( — ) 


Name  of  firm  furnishing  sample 

Name  of  firm  manufacturing  sample 

Street  or  job  which  sample  represents 

Brands  or  marks  on  the  brick 

Quantity  furnished Drying  treatment 

Date  received Date  tested 

Length Breadth Thickness . . . 

Standardization  Data 

Number  of  charges  treated  since  last  inspection 

Weight  of  charge  (after  standardization) 

Condition  of  locknuts  on  staves 

Condition  of  scales 

10  Large  spheres 

Small  spheres 

Total 

Number  of  charges  tested  since  stave  linings  were  renewed 
Repairs  (note  any  repairs  affecting  the  condition  of  the  barrel) 

Running  Data 

Time  readings Revolution Running  notes. 

Counter Stops,  etc 

Readings 

Hours Minutes Seconds 

Beginning  of  test 

Final  reading 
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Weights  and  Calculations 

Initial  weight  of  10  bricks Percentage  loss 

Final  weight  of  same (Note. — The  calculation 

Loss  of  weight must  appear.) 

Number  of  broken  bricks  and  remarks  on  same 

I  certify  that  the  foregoing  test  was  made  under  the  specifications  of 

and  is  a  true  record. 

Date Signature  of  (tester) 

Location  of  laboratory 

"Any  brick  which  loses  24%  or  more  in  the  rattler,  or  increases  more  than 
3H%  in  weight  or  less  than  one-half  of  1%  in  the  absorption  test  will  be 
rejected." 

6.  BITUMINOUS  BINDERS 

The  subject  of  bitumens  is  an  intricate  one  and  the  reader  is 
referred  to  the  works  of  Clifford  Richardson,  Prevost  Hubbard, 
and  others  for  detailed  information,  as  a  book  of  this  character  can 
give  only  an  outline. 

There  are  a  number  of  dust  preventives  and  road  binders  on  the 
market  which  depend  for  their  effectiveness  on  a  bituminous-bind- 
ing base.  The  term  "bitumen"  is  applied  to  a  great  many  sub- 
stances. Hubbard  arbitrarily  defines  bitumens  as  "consisting  of  a 
mixture  of  native  or  pyrogenetic  hydrocarbons  and  their  derivatives, 
which  may  be  gaseous\  liquid,  a  viscous  liquid,  or  solid,  but  if  solid, 
melting  more  or  less  readily  upon  the  application  of  heat  and  soluble 
in  chloroform,  carbon  bisulphide,  and  similar  solvents."1 

The  bitumens  may  be  classed  as  native  and  artificial.  The 
native  bituminous  materials,  that  are  used  in  road  work,  are  the 
asphaltic  and  semiasphaltic  oils  (dust  layers),  Malthas  (the  binding 
base  of  rock  asphalts),  Trinidad,  Bermudez  California,  and  Cuba 
asphalts,  gilsonite,  and  grahamite  (which,  however,  are  too  brittle 
in  their  natural  state  and  require  fluxing  with  a  suitable  residua 
oil  before  they  can  be  used  as  binders).  The  natural  asphalts  are 
refined  to  remove  water  and  any  objectionable  amount  of  impuritie 
by  heating  until  the  gases  are  driven  off,  skimming  the  vegetable 
matter  which  rises  to  the  surface,  and  removing  the  mineral  constit- 
uents which  fall  to  the  bottom. 

The  artificial  bituminous  materials  are  derived  by  the  destructive 
distillation  of  coal,  or  by  fractional  distillation  of  crude  coal  tars. 
or  the  native  petroleum  oils.  They  comprise  the  crude  coal  and 
water-gas  tars,  the  refined  tars,  the  residual  oils  and  semisolid  bind- 
ers derived  from  the  petroleum  oils.  They  vary  greatly  in  consist- 
ency and  binding  power. 

The  tests  and  detailed  requirements  for  light,  medium,  and  heavy 
bitumens  are  given  on  pages  727  and  1388. 

The  following  material  is  briefed  from  Bulletin  34,  U.  S.  Office 
of  Public  Roads:  The  light  oils  and  tars  have  a  relative  smal 
percentage  of  bituminous  base  and  are  effective  only  so  long  as  il 
retains  its  binding  power;  the  more  permanent  binders  contain  a 
larger  percentage  of  bitumen;  these  are  the  heavy  oils  and  semisolids. 

1  "Dust  Preventives  and  Road  Binders,"  John  Wiley  &  Sons,  Inc. 
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Crude  Tars. — Coke  ovens  and  gas  plants  produce  most  of  the  coal 
ars  in  use.  These  tars  contain  various  complex  combinations  of 
arbon,  hydrogen,  and  oxygen  and  small  amounts  of  nitrogen  and 
ulphur.  They  vary  in  composition  according  to  the  material 
rom  which  they  are  made  and  the  temperature  at  which  they  are 
'istilled.  The  percentage  of  free  carbon  ranges  from  5  to  35%, 
nd  the  bitumen  from  60  to  95%,  depending  on  the  temperature  of 
nanufacture.  Tars  produced  at  high  temperatures  contain  free 
arbon  in  excess  which  weakens  their  binding  power;  they  also 
ontain  a  large  amount  of  anthracine  and  naphthalene,  two  useless 
tiaterials  from  the  standpoint  of  road  work.  Tars  produced  at 
3w  temperatures  are  to  be  preferred.  Coke  tar  is  low-temperature 
ar;  gas  tar  is  high-temperature  tar. 

.'able  122. — Specific  Gravity  and  Composition  of  Tar  Prod- 
ucts.    (From  Bulletin  34,  U.  S.  Office  of  Public  Roads) 


Kind  of  tar 


Ammo- 
Specific  niacal 
gravity       water, 


Total 
light  oils 
toi70°C, 

% 


Total 
dead  oils 

170- 
270°C, 

% 


Water-gas  tar. . 
Crude  coal  tar.  . 
Refined  coal  tar 


I 

041 

I 

210 

I 

177 

2.4 

2  .0 
0.0 


21  .6° 
17  .2d 
I2.8& 


52.0* 
26  .0* 
47-  6» 


Residue 
(by  dif- 
ference), 
% 


24.0* 
54-8/ 
39.6/ 


a  Distillate,  mostly  liquid. 
6  Distillate,  all  liquid. 
c  Pitch,  very  brittle. 
d  Distillate,  mostly  solid. 


e  Distillate,  one-half  solid. 
'  Pitch,  hard  and  brittle. 
0  Distillate,  one-third  solid. 


Refined  Tars.— Much  of  the  road  tar  is  refined  tar— that  is, 

has  been  subjected  to  fractional  distillation  to  remove  the  valu- 
ble  volatile  compounds.  The  residuum  from  this  process  is  a 
lick,  viscous  material  known  as  coal-tar  pitch,  and  if  the  crude 
ir  from  which  it  is  obtained  was  produced  at  a  low  temperature  it 

nearly  pure  bitumen;  the  dead  oils  obtained  from  the  distillation 
re  of  little  value  and  are  often  run  back  into  the  pitch,  which  makes 

liquid  when  cold.  The  accompanying  table  gives  the  approxi- 
late  composition  of  water-gas  tar,  crude  coal  tar,  and  refined  tar. 

If  the  tar  is  used  as  a  temporary  dust  layer  only,  it  should  be 
»w-temperature,  dehydrated  tar,  liquid  when  cold.  If  used  as  a 
tore  permanent  binder  and  applied  hot,  it  should  have  a  larger 
^rcentage  of  pitch,  should  contain  no  water,  and  be  free  from  an 
icessive  amount  of  free  carbon.  If  used  as  a  mastic  in  bituminous 
acadam,  it  should  contain  a  high  percentage  of  pitch  and  be  free 
om  the  defects  mentioned. 

Natural  Bitumens  and  Artificial  Oils  and  Semi-solids.— Mineral 
Is  can  be  classed  as  parafiin  petroleums,  mixed  paraffin  and  asphal- 
ts petroleums,  and  asphaltic  petroleums.  The  relative  value  of 
Is  as  a  source  of  supply  for  road  materials  depends  on  their  per- 
mtage  of  asphaltic  residue.     The  eastern  oils  found  in  New  York 

nnsylvania,   West  Virginia,  etc.,  are  paraffin  petroleums;  the 
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western  oils  vary  from  light  to  heavy  asphaltic  petroleums,  and  th 
southern  oils  have  a  mixed  paraffin  and  asphaltic  base. 

The  crude  petroleum  is  refined  by  fractional  distillation  to  obtai 
its  valuable  products,  such  as  kerosene,  etc.  The  character  c 
the  residue  depends,  as  for  the  tars,  on  the  crude  material  and  th 
method  of  manufacture;  the  operation,  known  as  "  cracking, 
which  is  used  to  increase  the  yield  of  the  inflammable  oils,  product 
an  excess  of  free  carbon. 

The  paraffin  petroleum  residuums  are  soft  and  greasy  and  ai 
not  suitable  for  road  work;  they  contain  a  large  amount  of  the  pai 
affin  hydrocarbons  and  paraffin  scale  (crude  paraffin). 

The  California  petroleum  residuums  resemble  asphalt,  and 
carefully  distilled  without  cracking  should  contain  little  or  no  fre 
carbon.     They  are  suited  to  road  work. 

The  Texas  or  semiasphaltic  petroleums  contain  some  paraff 
hydrocarbons  and  about  i%  of  paraffin  scale.  Residuums  fro: 
these  oils,  if  containing  a  relatively  small  amount  of  paraffin,  ca 
be  successfully  used. 

The  required  properties  of  residuum  binders  used  on  the  Ne 
Jersey  State  roads  in  1922  are  given  (p.  1388). 

The  accompanying  tables  give  a  general  idea  of  the  relatr 
characteristics  of  the  crude  petroleums  and  petroleum  residuuir 

Table  123.— Results  of  Tests  of  Crude  Petroleum.     {Fro 
Bulletin  34,  U.  S.  Office  of  Public  Roads) 


:: 


L 


Kinds  of  oil 


Pennsylvania,  paraffin. 
Texas,  semiasphaltic .  . 
California,  asphaltic. .  . 


U2 


0.80I 
O.9O4 
0.939 


'3   cog 

ag.s 

C3  u  <u 


43 
26 


aSrC 

SO 

aS  O 


So 

a  o 


SO 

aj  10 
> 


p4 


47-3 
20.0 


58.0 
27.0 


68.0 
49.0 
42. 7d 


32.  o* 
si. a 

57. 3'  P 


a  Ordinary  temperature. 

b  Soft. 

c  Quick  flow. 


d  Volatility  at  2000,  7  hr. 
«  Soft  maltha;  sticky. 


Table  124. — Results  of  Petroleum  Residuum 


Kinds  of  oil 


ft  d 


ftft.5 

r;   Vh  +J 

a  v  <u 


Pennsylvania,  paraffin 
Texas,  semiasphaltic .  . 
California,  asphaltic .  . 

°  Soft. 


0.920 

0.974 
1  .006 


186 
214 
191 


So 


> 


1  oN 


ti 


S 

ft 

•a 


14.2 

6.2 

17.3 


85.8°  II.O 
93-8°  1.7 
82.7"        0.0 
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Tests  of  Bitumens  and  Their  Significance. — Bitumens  for  use  as 
he  cementing  material  in  road  construction  may,  according  to  their 
3urce  and  characteristics,  be  divided  into  the  two  general  classes 
f  asphalt  and  tars. 

The  asphalts  suitable  for  use  as  the  cementing  agent  in  road 
construction  are  produced  either  by  reducing  asphaltic-base  petro- 
:um  to  a  suitable  consistency  by  the  distillation  process  or  by  soften- 
lg  the  so-called  solid  asphalts  to  a  suitable  consistency  by  the 
ddition  of  flux  produced  by  the  partial  distillation  of  petroleum. 

The  different  grades,  relative  to  consistency,  of  road  oils  are 
sually  produced  by  the  partial  reduction  of  asphaltic-base 
etroleum. 

By  the  destructive  distillation  of  bituminous  coals  or  the  "crack- 
lg"  of  petroleum  oils  during  the  carburetting  process  in  the  manu- 
icture  of  water  gas,  crude  tars  are  produced.  These  crude  tars 
re  refined  or  reduced  by  distillation  to  a  suitable  consistency 
>r  use  in  road  construction. 

Bitumens  are  used  in  road  construction  for  the  purpose  of  water- 
roofing  the  surface  and  adding  to  the  mechanical  bond  of  the 
dneral  aggregate  by  cementing  together  the  finer  particles  of 
dneral  matter,  thus  preventing  their  displacement  under  the  action 
i  traffic  and  retaining  them  in  the  road  surface  where  they  fill 
le  interstices  between  the  larger  stone  and  bind  them  together. 

The  desirable  characteristics  of  bituminous  material  for  road- 
nilding  purposes  are:  (1)  adhesiveness,  (2)  non-susceptibility  to 
langes  in  temperature,  and  (3)  stability  or  "life."  The  chief 
Dject  of  bituminous  material  specifications  is  to  make  imperative 
lese  desirable  qualities  of  the  material. 

In  testing  bituminous  materials  it  should  be  remembered 
lat  the  laboratory  results  obtained  in  the  different  tests  are  largely 
r  comparative  purposes.  By  this  means  new  or  but-little-used 
aterials  may  be  compared  with  materials  which  have  proved 
.tisfactory  under  service  tests.     Also  laboratory  results  furnish 

I  accurate  means  of  specifying  the  exact  characteristics  of  the 
aterial  desired  for  any  given  purpose. 

Adhesiveness. — The  adhesiveness  of  the  material  is  provided 
r  in  specifications  by  suitable  requirements  of  ductility  and 
ughness. 

The  ductility  and  toughness  tests  are  made  for  the  purpose  of 
jtermining  the  adhesive  and  binding  qualities  of  the  material 
ider  different  conditions  of  temperature.  The  ductility  test  is 
ade  by  determining  the  distance  a  briquette  of  the  material, 
Lving  a  cross-section  1  sq.  cm.  will  draw  before  breaking.  Since 
mperature  affects  the  results,  a  standard  temperature  of  77°F. 
,s  been  adopted  generally  for  making  this  test.  Experience 
aches  that  the  greater  the  distance  that  a  briquette  of  the  material 

II  stretch  out  before  breaking,  the  more  sticky  and  adhesive  the 
aterial.  This  test  may  be  performed  in  a  rough  manner  by  pull- 
s' out  a  small  roll  of  the  material  between  the  fingers.  Material 
lich  will  not  pull  out  to  a  long  thread  before  breaking  is  usually 
oken  of  as  "short."  Such  materials  are  not  adhesive  or  sticky 
d  it  is  extremely  difficult  to  bind  a  road  with  them,  even  under 
e  most  favorable  circumstances. 
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As  stated,  the  ductility  test  is  usually  made  at  a  temperature  o 
77°F.,  and  thus  measures  the  adhesiveness  of  the  material  at  i 
rather  high  temperature.     To  obtain  an  indication  of  the  characte 
of  the  material  at  a  low  temperature  the  toughness  test  is  made  a 
a  temperature  of  32°F.     This  test  is  performed  by  dropping  ; 
weight  of  2  kg.  on  a  cylinder  of  the  material  i%"  in  diameter  b;  r 
i%"  in  height.     The  first  height  of  the  drop  is  usually  from  ;  g 
distance  of  5  cm.  and  is  gradually  increased  until  rupture  of  th 
cylinder  occurs.     A  rough  field  test  for  toughness  may  be  perfprme< 
by  noting  whether  a  piece  of  the  material  will  fracture  under 
sharp  blow.     If  the  temperature  of  the  material  is  about  32°F.,  th 
results  will  be  more  indicative  of  the  character  of  the  material. 

Bitumens  which  are  brittle  or  which  give  a  low  toughness  resull 
lose  their  binding  value  in  cold  weather  and  roads  constructed  b 
their  use  are  apt  to  ravel  and  break  up  under  traffic. 

Bitumens  which  give  good  ductility  and  toughness  results  unde 
the  methods  outlined  will  give  satisfactory  results  as  the  cementin 
medium  when  used  in  road  construction,  provided  the  other  cor 
struction  details  have  been  properly  followed  out. 

In  connection  with  the  stickiness  and  adhesiveness  of  bitumen: 
the  fact  should  always  be  kept  in  mind  that  their  purpose  in  roa 
construction  as  cementing  medium  is  most  effective  when  use 
with  a  hard,  clean,  dry  mineral  aggregate.  As  the  departure  fros 
these  qualities  oi  the  mineral  aggregate  increases  so  also  the  difl 
culties  are  increased  of  getting  a  satisfactory  road  surface  firm!  < 
bound  together. 

Susceptibility  to  Changes  in  Temperature. — The  susceptibilit 
to  changes  in  temperature  is  shown  by  the  relative  hardness  < 
indicated  by  the  penetration  tests  at  different  temperatures,  as  1 
32,  77,  andii5°F. 

The  consistency  of  asphalts  is  referred  to  as  the  "penetration 
The  penetration  test  is  made  by  measuring  the  distance  in  hui 
dredths  of  a  centimeter  that  a  standard  needle  under  a  stated  loa< 
applied  for  a  stated  time,  will  penetrate  into  it  vertically.  The: 
variable  factors  are  usually  as  follows: 

Needle:  R.  J.  Roberts'  Parabola  "Sharps"  No.  2 
At  32°F.  200-g.  weight,  1  min. 
At  77°F.  100-g.  weight,  5  sec. 
At  ii5°F.  50-g.  weight,  5  sec. 

The  material  which  is  the  most  susceptible  to  changes  in  tenjpi 
perature  will  show  the  greatest  variation  in  penetration  und 
varying  conditions  of  temperature.  Roads  constructed  by  tl 
use  of  materials  which  are  extremely  susceptible  to  changes 
temperature  become  soft  in  warm  weather,  mark  easily,  have 
tendency  to  rut,  and  become  wavy.  In  cold  weather  this  materi 
becomes  very  hard  and  slippery  and  is  apt  to  be  brittle  and  becon 
chipped  from  the  road  surface. 

In  addition  to  the  general  qualities  of  bitumens  which  are  show 
by  penetration  tests,  this  test  is  used  in  specifications  to  defii 
within  narrow  limits  the  consistency  of  the  material.  The  co 
sistency  limits  placed  in  specifications  are  governed  by  the  clima 
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id  the  type  of  construction  to  be  followed,  also  the  general  size 

the  mineral  aggregate  to  be  used.     When  the  penetration  method 

construction  is  followed  it  is  necessary  to  use  a  relatively  soft 

.phalt  in  order  that  it  may  be  incorporated  in  the  road  surface. 

1  the  mixing  types  of  construction  a  harder  asphalt  may  be  incor- 

>rated  with  the  mineral  aggregate.     The  use  of  a  hard  asphalt 

gether  with  a  graded  mineral  aggregate  gives  a  dense  wearing 

rface  that  does  not  readily  become  wavy  under  traffic. 

The  information  obtained  by  the  penetration  test  is  not  readily 

lecked  in  the  field  without  the  aid  of  laboratory  apparatus,  but, 

a  general  rule,  bitumens  which  are  suitable  for  binders  are  plastic 

ben  "worked"  in  the  hands. 

Stability. — When  the  term  "stability"  or  "life"  is  used  in  refer- 
ee to  bitumens,  it  refers  to  the  quality  of  the  material  by  which  it 
tains  its  characteristics  over  a  long  period  of  time.  The  labora- 
ry  tests  which  indicate  this  property  are  the  evaporation  test, 
e  ratio  of  the  penetration  after  evaporation  to  the  original  pene- 
ition,  and  the  flash  point. 

The  heating  or  evaporation  test  is  made  by  placing  50  g.  of  the 
aterial  in  a  flat-bottomed  dish  2${q"  in  diameter  by  i%"  in  depth, 
lis  is  placed  in  an  oven  maintained  at  specified  temperature, 
ually  325°F.,  for  a  period  of  5  hr. 

This  test  may  be  considered  as  an  accelerated  test  on  the  material. 
a  binder,  the  percentage  lost  by  weight  together  with  the 
suiting  hardening  as  shown  by  the  relative  penetration,  i.e., 
ratio  of  the  original  penetration  to  the  penetration  after  evap- 
ation,  are  indicative  of  the  "life"  of  the  material.  The  less  the 
aporation  loss  and  the  less  the  hardening  as  shown  by  the  relative 
netration  the  greater  will  be  the  "life"  of  the  material.. 
In  an  oil  used  for  surface  application  the  evaporation  test  shows 
e  presence  and  quantity  of  light  oils.  This  is  indicative  of  the 
I  ne  required  for  the  oil  to  "set  up"  after  application  to  the  road 
rface,  the  evaporation  from  the  large-surface  area  of  the  oil  as 
plied  to  the  road  being  roughly  comparable  with  evaporation 
>m  the  smallest  surface  area  of  the  oil  exposed  at  the  higher 
raperature  at  which  the  test  is  made. 

The  open-flash  test  is  made  by  heating  at  the  rate  of  about  io°F. 
r  minute  a  small  quantity  of  the  material,  approximately  40  g., 
a  dish  of  about  the  same  size  as  the  dish  used  for  the  penetration 
its,  2^16"  in  diameter  by  1%"  in  depth.  A  small  flame  from  a 
i  pillary  tube  is  passed  over  the  surface  of  the  oil  at  each  increase 
(j,  50  in  temperature. 

tj  A.  slight  "puff"  or  explosion  indicates  the  flash  point  has  been 
j  iched.  The  presence  of  light  oils  or  distillates  is  indicated  by 
1  ow  flash  point.  The  flash  point  together  with  the  evaporation 
J  ults  give  an  indication  as  to  the  methods  and  materials  used  in 
3  1  manufacture  of  the  bitumen  which  is  being  tested. 

Unless  "cut-back"  materials  are  being  tested,  in  which  an 
]  :eedingly  light  distillate  as  naphtha  or  benzole  has  been  used 
J  the  "cut-back"  agent,  considerable  "smoke"  will  be  given  off 
3  m  the  sample  before  the  flash  point  is  reached.  This  feature 
,3  iuld  be  kept  in  mind  when  material  is  being  heated  for  applica- 
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tion  in  the  field.  Material  should  never  be  heated  in  the  field  to 
point  when  it  smokes  profusely,  for  at  such  a  temperature  tb 
material  is  being  "burned"  or  hardened  to  such  an  extent  that  : 
loses  its  adhesiveness  and  becomes  brittle  when  cold,  thus  failing  t 
become  a  binding  or  cementing  agent  which  binds  the  miner; 
aggregate  of  the  road  together. 

The  same  "burning"  effect  on  the  material  is  produced  by  keej 
ing  it  at  a  temperature  below  the  "smoking  point"  for  a  long  peric 
(several  hours)  as  would  be  produced  at  a  higher  temperatui 
for  a  shorter  period  of  time.  This  important  feature  should  alwa^ 
be  kept  in  mind  when  heating  material  for  application  in  the  fieL 

Such  tests  as  those  for  water,  specific  gravity,  purity,  paraffi: 
etc.,  are  usually  placed  in  specifications  in  addition  to  the  tes 
which  govern  adhesiveness,  non-susceptibility,  and  stability  f< 
the  purpose  of  identification  of  materials  used,  methods  of  man 
facture,  degree  of  refinement,  and  care  used  in  refining. 

The  presence  of  water  in  bituminous  materials  causes  frothh  :. 
when  heated  to  a  temperature  of  about  2i2°F.     In  addition  to  t] 
difficulty  experienced  in  heating  material  containing  water,  di 
to  the  frothing  an  even  application  or  distribution  to  the  road 
such  material  is  extremely  difficult  due  to  the  presence  of  I 
froth,  which  is  likely  to  be  applied  rather  than  the  liquid  bitume 

Tests  for  specific  gravity,  purity,  paraffin,  etc.,  require  labor 
tory  apparatus  to  get  results  which  indicate  qualities  of  the  materi; 
The  information  obtained  by  these  tests  cannot  be  obtained  1 
field  tests. 

If  it  is  assumed  that  a  suitable  bitumen  has  been  specified  ai 
obtained  for  construction  work  in  which  a  bitumen  is  to  serve 
the  cementing  material,  the  results  obtained,  relative  to  the  bit 
men,  will  depend  upon: 

1.  Not  overheating  (by  high  temperature  or  long  time)  t 
bitumen. 

2.  The  use  of  hard,  clean,  dry  stone. 

3.  Grading  of  the  mineral  aggregate  to  reduce  voids  and  obta 
greater  density. 

4.  Thorough  and  uniform  incorporation  of  the  bitumen  wi 
mineral  aggregate. 

5.  Maximum  consolidation,  by  rolling  when  laid. 
When  bituminous  materials  which  may  be  applied  cold  are 

be  applied  to  a  road  surface,  that  surface  should  first  be  put  in  go 
condition.  Surface  application  treatment  is  for  the  purpose 
preserving  a  road  which  is  in  good  condition  and  not  repairi 
an  uneven  road.  A  house  is  not  repaired  by  painting  it;  rati 
the  house  is  repaired  and  then  painted,  in  order  that  it  may  rema 
in  good  condition.  An  attempt  to  build  up  a  road-wearing  surfa 
by  the  use  of  bitumens  which  may  be  applied  cold  usually  resu 
in  a  surface  which  is  easily  marked,  rutted,  and  pushed  into  wav< 

The  following  detailed  description  of  "Recent  Test  Method 
for  asphalts  is  quoted  from  Brochure  8,  Asphalt  Association : 

Methods  of  Testing. — The  following  methods  of  testing  are  the 
to  which  reference  is  made  in  the  specifications.  Some  of  t 
descriptions  have  been  condensed,  but  not  changed  in  any  essent 
particular. 


:: 
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"Pycnometer  Method. — The  pycnometer  (shown  in  Fig.  257 A)  consists  of 
fairly   heavy,   straight-walled  glass  tube,    70   mm.   long  and   22   mm.   in 

iameter,  carefully  ground  to  receive  an  accurately  fitting  solid  glass  stopper 

,*ith  a  hole  of  1.6  mm.  bore  in  place  of  the  usual  capillary  opening.      The 

bwer  part  of  this  stopper  is  made  concave  in  order  to  allow  all  air  bubbles  to 

scape  through  the  bore.     The  depth  of  the  cup-shaped  depression  is  4.8  mm. 
the  center.     The  stoppered  tube  has  a  capacity  of  about  24  cc.  and  when 

mpty  weighs  about  28  g. 

The  clean,  dry  pycnometer  is  first  weighed 

mpty  and  this  weight  is  called  a.     It  is  then 

lied  in  the  usual  manner  with  freshly  distilled 

rater  at  25 °C,  and  the  weight  is  again  taken  and 

ailed  b.     A  small  amount  of  the  bitumen  should 

e  placed  on  a  spoon  and  brought  to  a  fluid  con- 

ition  by  the  gentle  application  of  heat,  with 

are  that  no  loss  by  evaporation  occurs.     When 

ufhciently  fluid,  enough  is  poured  into  the  dry 

ycnometer,  which  may  also  be  warmed,  to  fill 

;  about  half  full,  without  allowing  the  material 
touch  the  sides  of  the  tube  above  the  desired 

ivel.     The  tube  and  contents  are  then  allowed 
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Fig.    257A. 


-Pycnometer 
type). 


(Hubbard        Fig. 


2  5  yB. — Open-cup 
oil  tester. 


0  cool  to  room  temperature,  after  which  the  tube  is  carefully  weighed  with 
he  stopper.      This  weight  is  called  c.      Distilled  water  at  25 °C.  is  then  poured 

1  until  the  pycnometer  is  full.  After  this  the  stopper  is  inserted,  and  the 
rhole  cooled  to  25  °C.  by  a  30-min.  immersion  in  a  beaker  of  distilled  water 
maintained  at  this  temperature.     All  surplus  moisture  is  then  removed  with 

soft  cloth,  and  the  pycnometer  and  contents  are  weighed.  This  weight  is 
Jied  d.  From  the  weights  obtained  the  specific  gravity  of  the  bitumen  may 
e  readily  calculated  by  the  following  formula: 

Specific  gravity  25°C./25°C.  = 


(b  -  a)  -  {d  -  c) 

"The  specific  gravity  of  fluid  bitumen  may  be  determined  in  the  ordinary 
lanner  with  this  pycnometer  by  completely  filling  it  with  the  material  and 
lviding  the  weight  of  the  bitumen  thus  obtained  by  that  of  the  same  volume 
f  water." 

FLASH  POINT2 

"Open-cup  Method. — The  open-cup  oil  tester  (shown  in  Fig.  257B),  con- 
sts  of  a  brass  oil  cup  a  of  about  100-cc.  capacity,  and  an  outer  vessel  b 

1  U.  S.  Dept.  Agr.,  Bull.  314,  p.  5. 

2  U.  S.  Dept.  Agr.,  Bull.  314,  p.  17. 
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which  serves  as  an  air  jacket;  a  suitable  thermometer  c  is  suspended  from  tr 
wire  support  d  directly  over  the  center  of  the  cup  so  that  its  bulb  is  entirel 
covered  with  asphalt  but  does  not  touch  the  bottom  of  the  cup.  The  testir 
flame  is  obtained  from  a  jet  of  gas  passed  through  a  piece  of  glass  tubing,  an 
should  be  about  5  mm.  in  length. 

"The  test  is  made  by  first  filling  the  oil  cup  with  the  material  under  exam 
nation  to  within  about  5  mm.  of  the  top.  The  Bunsen  flame  is  then  applie 
in  such  a  manner  that  the  temperature  of  the  material  in  the  cup  is  raised  ; 
the  rate  of  5°C.  per  minute.  From  time  to  time  the  testing  flame  is  brougl 
almost  in  contact  with  the  surface  of  the  asphalt.  A  distinct  flicker  or  flas 
over  the  entire  surface  of  the  asphalt  shows  that  the  flash  point  is  reacht 
and  the  temperature  at  this  point  is  taken." 

PENETRATION* 

"I.  Definition.     1.  Penetration. — Penetration  is  defined  as  the  consist en< 
of  a  bituminous  material  expressed  as  the  distance  that  a  standard  need 
vertically  penetrates  a  sample  of  the  material  under  known  conditions 
loading,  time,  and  temperature.      When  the  conditions  of  test  are  not  spec 
ically    mentioned,    the  load,  time,   and  temperature  are  understood  to 
100  g.,  5  sec,  25 °C.   (77°F.),  respectively,  and  the  units  of  penetration 
indicate  hundredths  of  a  centimeter. 

"II.  Apparatus.      2.   Container. — The  container  for  holding  the   mater 
to  be  tested  shall  be  a  flat-bottom,   cylindrical  dish,   55   mm.    (2^5") 
diameter  and  35  mm.  (1% ")  deep.2 

"3.  Needle. — The  needle3  for  this  test  shall  be  of  cylindrical  steel  rod  5c 
mm.  (2")  long  and  having  a  diameter  of  1.016  mm.  (0.04")  and  turned  on  o 
end  to  a  sharp  point  having  a  taper  of  6.35  mm.  (%")-4 

"4.    Water  Bath. — The  water  bath  shall  be  maintained  at  a  temperature  n 
varying  more  than  o.i°C.  from  25°C.   (jt°F.).     The  volume  of  water  sh 
not  be  less  than  iol  and  the  sample  shall  be  immersed  to  a  depth  of  not  1< 
than  10  cm.  (4")  and  shall  be  supported  on  a  perforated  shelf  not  less  th  £ 
5  cm.  (2")  from  the  bottom  of  the  bath. 

"5.   Apparatus  for   Penetration. — Any    apparatus    which    will    allow   t 
needle  to  penetrate  without  appreciable  friction,  and  which  is  accurate    ; 
calibrated  to  yield  results  in  accordance  with  the  definition  of  penetrati 
will  be  acceptable. 

"6.   Transfer  Dish  for  Container. — The  transfer  dish  for  container  shall 
a  small  dish  or  tray  of  such  capacity  as  will  insure  complete  immersion  of  t 
container  during  the  test.     It  shall  be  provided  with  some  means  which  w 
insure  a  firm  bearing  and  prevent  rocking  the  container. 

"III.  Preparation  of  Sample.  7.  Preparation  of  Sample. — The  sami  C 
shall  be  completely  melted  at  the  lowest  possible  temperature  and  stirr 
thoroughly  until  it  is  homogeneous  and  free  from  air  bubbles.  It  shall  th 
be  poured  into  the  sample  container  to  a  depth  of  not  less  than  15  mm.  (2fs' 
The  sample  shall  be  protected  from  dust  and  allowed  to  cool  in  an  atmosphf 
not  lower  than  i8°C.  (65 °F.)  for  1  hr.  It  shall  then  be  placed  in  the  wa1 
bath  along  with  the  transfer  dish  and  allowed  to  remain  1  hr. 

"IV.  Testing.  8.  Testing. — a.  In  making  the  test  the  sample  shall 
placed  in  the  transfer  dish  filled  with  water  from  the  water  bath  of  sufficie 
depth  to  cover  the  container  completely.  The  transfer  dish  containing  t 
sample  shall  then  be  placed  upon  the  stand  of  the  penetration  machii 
The  needle,  loaded  with  specified  weight,  shall  be  adjusted  to  make  conta 
with  the  surface  of  the  sample.  This  may  be  accomplished  by  making  co 
tact  of  the  actual  needle  point  with  its  image  reflected  by  the  surface  of  t 
sample  from  a  properly  placed  source  of  light.  Either  the  reading  of  t 
dial  shall  then  be  noted  or  the  needle  brought  to  zero.  The  needle  is  th 
released  for  the  specified  period  of  time,  after  which  the  penetration  machi 
is  adjusted  to  measure  the  distance  penetrated. 

"At  least  three  tests  shall  be  made  at  points  on  the  surface  of  the  sami 
not  less  than  1  cm.   (%")  from  the  side  of  the  container  and  not  less  th 
1  cm.   {%")  apart.     After  each  test  the  sample  and  transfer  dish  shall 
returned  to  the  water  bath  and  the  needle  shall  be  carefully  wiped  towa 

1  Amer.  Soc.  Testing  Materials,  Standard  Test  D5-16. 

2  This  requirement  is  fulfilled  by  the  American  Can  Co.'s  gill-style  oir 
ment  box,  deep  pattern,  3-oz.  capacity. 

3  J.  Agr.  Research,  vol.  5,  24,  pp.  1125-1126. 

4  No.  2  Roberts  sewing  needle  which  has  been  carefully  checked  with 
standard  needle  may  be  used. 
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point  with  a  clean,  dry  cloth  to  remove  all  adhering  bitumen.  The 
ported  penetration  shall  be  the  average  of  at  least  three  tests  whose  values 
all  not  differ  more  than  four  points  between  maximum  and  minimum. 

'b.  When  desirable  to  vary  the  temperature,  time,  and  weight  and  in 
ier  to  provide  for  a  uniform  method  of  reporting  results  when  varia- 
>ns  are   made,  the  samples  shall  be  melted  and  cooled  in  air   as   above 

ected.  They  shall  then  be  immersed  in  water  or  brine,  as  the  case  may 
juire,  for  1  hr.  at  the  temperature  desired.  The  following  combinations 
suggested: 

'At  o°C.  (32°F.),  200-g.  weight,  60  sec. 

'At  46.i°C.  (ii5°F.),  50-g.  weight,  5  sec." 

DUCTILITY! 

'A  briquette  of  the  material  to  be  tested  shall  be  formed  by  pouring  the 
lten  material  into  a  briquette  mold.  The  dimensions  of  the  briquette 
11  be:  1  cm.  (0.394")  in  thickness  throughout  its  entire  length;  distance 
;ween  the  clips  or  end  pieces,  3  cm.  (1.181");  width  of  asphalt-cement 
tion  at  mouth  of  clips,  1  cm.  (0.394").  The  center  pieces  are  removable, 
s  briquette  mold  being  held  together  during  molding  with  a  clamp  or  wire. 
'The  molding  of  the  briquette  shall  be  done  as  follows:  The  two  center 
tions  shall  be  well  amalgamated  to  prevent  the  asphalt  cement  from 
lering  to  them,  and  the  briquette  mold  shall  then  be  placed  on  a  freshly 
algamated  brass  plate.  The  asphalt  cement  to  be  tested,  while  in  a 
lten  state,  shall  be  poured  into  the  mold,  a  slight  excess  being  added  to 
)w  for  shrinkage  on  cooling.  When  the  asphalt  cement  in  the  mold  is 
irly  cool,  the  briquette  shall  be  cut  off  level,  with  a  warm  knife  or  spatula, 
len  it  is  thoroughly  cooled  to  the  temperature  at  which  it  is  desired  to 
ke  the  test,  the  clamp  and  the  two  side  pieces  are  removed,  leaving  the 
quette  of  asphalt  cement  held  at  each  end  by  the  ends  of  the  mold,  which 

play  the  part  of  clips.  The  briquette  shall  be  kept  in  water  for  30 
a.  at  4°C.  (39°F.)  or  25°C.  (77°F.)  before  testing,  dependent  on  the  tem- 
■ature  at  which  the  ductility  is  desired.  The  briquette  and  the  clips 
ached  shall  then  be  placed  in  a  ducility-test  machine  filled  with  water  at 

of  the  above  temperatures  to  a  sufficient  height  to  cover  the  briquette 

less  than  50  mm.  (1.969").  This  machine  consists  of  a  rectangular 
ter-tight  box,  having  a  movable  block  working  on  a  worm-gear  from  left 
right.  The  left  clip  is  held  rigid  by  placing  its  ring  on  a  short  metal  peg 
vided  for  this  purpose;  the  right  clip  is  placed  over  a  similar  rigid  peg 
the  movable  block.  The  movable  block  is  provided  with  a  pointer  which 
ves  along  a  centimeter  scale.  Before  starting  the  test,  the  centimeter 
le  is  adjusted  to  the  pointer  at  zero.  Power  is  then  applied  by  the 
rm  gear  pulling  from  left  to  right  at  the  uniform  rate  of  5  cm.  (1.969") 

minute.  The  distance,  in  centimeters,  registered  by  the  pointer  on  the 
le  at  the  time  of  rupture  of  the  thread  of  asphalt  cement  shall  be  taken 
the  ductility  of  the  asphalt  cement." 

VOLATILIZATION  TEST* 

I  The  oven  shown  in  Fig.  257c,  known  as  the  New  York  testing  laboratory 
n,  is  used  by  the  Bureau  of  Public  Roads,  although  any  other  form  may 
used  that  will  give  a  uniform  temperature  throughout  all  parts  where 
iples  are  placed.  The  bulb  of  one  of  the  thermometers  is  immersed  in  a 
lple  of  some  fluid,  non-volatile  bitumen,  while  the  other  is  kept  in  air  at 
same  level.  The  first  thermometer  serves  to  show  the  temperature  of 
samples  during  the  test,  while  the  latter  gives  prompt  warning  of  any 
den  changes  in  temperature  due  to  irregularities  in  the  gas  pressure,  etc. 
Before  making  the  test  the  interior  of  the  oven  should  show  a  tempera- 
of  i63°C.  as  registered  by  the  thermometer  in  air.  A  round  tin  box 
cm.  in  diameter  and  3V2  cm.  deep  is  accurately  weighed  after  carefully 
ing  with  a  towel  to  remove  any  grease  or  dirt.  About  50  g.  of  the  material 
>e  tested  is  then  placed  in  the  box.  The  material  may  then  be  weighed 
rough  balance,  if  one  is  at  hand,  after  which  the  accurate  weight,  which 
ild  not  vary  more  than  0.2  g.  from  the  specified  amount,  is  obtained, 
lay  be  necessary  to  warm  some  of  the  material  in  order  to  handle  it  con- 
Trans.  Am.  Soc.  Civil  Eng.,  vol.  82,  p.  1460,  191 8. 
U.  S.  Dept.  Agr.,  Bull.  314,  p.  19. 
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veniently,   after  which  it  must  be  allowed  to  cool  before  determining  tt 
accurate  weight. 

"The  sample  should  now  be  placed  in  the  oven,  where  it  is  allowed  t 
remain  for  a  period  of  5  hr.,  during  which  time  the  temperature  as  shown  b 
the  thermometer  in  bitumen  should  not  vary  at  any  time  more  than  2°(  ■■_ 
from  i63°C.  The  sample  is  then  removed  from  the  oven,  allowed  to  cool,  ar 
reweighed.  _  From  the  difference  between  this  weight  and  the  total  weig! 
before  heating  the  percentage  of  loss  on  the  amount  of  material  taken 
calculated. 

"Highly  volatile  and  _  non- volatile  materials  should  not  be  subjects  n 
to  this  test  at  the  same  time  in  the  same  oven,  owing  to  a  tendency  on  tl  -' 
part  of  the  latter  to  absorb  some  of  the  volatile  products  of  the  former. 


Fig.  257C. — New  York  testing  laboratory  oven. 

"Some  relative  idea  of  the  amount  of  hardening  which  has  taken    pi; 
may  be  obtained  from  the  results  of  a  float  or  penetration  test  made  on 
residue,  as  compared  with  the  results  of  the  same  tests  on  the  original  samt 
Before  any  tests  are  made  on  the  residue,  it  should  be  melted  and  thoroug' 
stirred  while  cooling." 

TOTAL  BITUMEN* 

"Gooch  Crucible  Method. — This  test  consists  in  dissolving  the  bitun 
in  carbon  disulphide  and  recovering  any  insoluble  matter  by  filtering 
solution  through  an  asbestos  felt.     The  form  of  Gooch  crucible  best  adap 
for  the  determination  is  4.4  cm.  wide  at  the  top,  tapering  to  3.6  cm.  at 
bottom,  and  is  2.5  cm.  deep. 

"For  preparing  the  felt,  the  necessary  apparatus  is  arranged  as  shown 
Fig.  4,  in  which  a  is  the  filtering  flask,  b  a  rubber  stopper,  c  the  filter  tu 
and  d  a  section  of  rubber  tubing  which  tightly  clasps  the  Gooch  crucibli 
The  asbestos  is  cut  with  scissors  into  pieces  not  exceeding  1  cm.  in  leng 
after  which  it  is  shaken  up  with  just  sufficient  water  to  pour  easily.  The  c 
cible  is  filled  with  the  suspended  asbestos,  which  is  allowed  to  settle  fo 
few  moments.  A  light  suction  is  then  applied  to  draw  off  all  the  water  < 
leave  a  firm  mat  of  asbestos  in  the  crucible.  More  of  the  suspended  mate 
is  added,  and  the  operation  is  repeated  until  the  felt  is  so  dense  that  it  scare 
transmits  light  when  held  so  that  the  bottom  of  the  crucible  is  between 
eye  and  the  source  of  light.  The  felt  should  then  be  washed  several  tii 
with  water  and  drawn  firmly  against  the  bottom  of  the  crucible  by 
increased  suction.  The  crucible  is  removed  to  a  drying  oven  for  a  l 
minutes,  after  which  it  is  ignited  at  red  heat  over  a  Bunsen  burner,  coolec 
a  desiccator,  and  weighed. 

"From  1  to  2  g.  of  the  bituminous  material  is  now  placed  in  the  Erl 
meyer  flask,  which  has  been  previously  weighed,  and  the  accurate  wei 
of  the  sample  is  obtained.      One  hundred  cubic  centimeters  of  chemic, 

1  U.  S.  Dept.  Agr.,  Bull.  314,  p.  25. 
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ure  carbon  disulphide  is  poured  into  the  flask  in  small  portions,  with  con- 
.nual  agitation,  until  all  lumps  disappear  and  nothing  adheres  to  the 
ottom.     The  flask  is  then  corked  and  set  aside  for  15  min. 

After  being  weighed,  the  Gooch  crucible  containing  the  felt  is  set  up  over 
le  dry  pressure  flask,  as  shown  in  the  figure,  and  the  solution  of  bitumen 
l  carbon  disulphide  is  decanted  through  the  felt  without  suction  by  gradually 
lting  the  flask,  with  care  not  to  stir  up  any  precipitate  that  may  have  settled 
nt.  At  the  first  sign  of  any  sediment  coming  out,  the  decantation  is  stopped 
ad  the  filter  allowed  to  drain.  A  small  amount  of  carbon  disulphide  is  then 
ashed  down  the  sides  of  the  flask,  after  which  the  precipitate  is  brought 
pon  the  felt  nd  the  flask  scrubbed, _  if  necessary,  with  a  feather  or  'police- 
ian,'  to  remuve  all  adhering  material.  The  contents  of  the  crucible  are 
ashed  with  carbon  disulphide,  until  the  washings  run  colorless.     Suction 

then  applied  until  there  is  practically  no  odor  of  carbon  disulphide  in  the 
•ucible,  after  which  the  outside  of  the  crucible  is  cleaned  with  a  cloth  mois- 

ned  with  a  small  amount  of  the  solvent.  The  crucible  and  contents  are 
ried  in  a  hot-air  oven  at  ioo°C.  for  about  20  min.,  cooled  in  a  desiccator,  and 
eighed.  If  any  appreciable  amount  of  insoluble  matter  adheres  to  the 
ask,  it  should  also  be  dried  and  weighed,  and  any  increase  over  the  original 
eight  of  the  flask  should  be  added  to  the  weight  of  insoluble  matter    in 
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Fig.  257D. — Apparatus  for  determining  soluble  bitumen. 


crucible.  The  total  weight  of  insoluble  material  may  include  both 
ganic  and  mineral  matter.  The  former,  if  present,  is  burned  off  by  igni- 
>n  at  a  red  heat  until  no  incandescent  particles  remain,  thus  leaving  the 
ineral  matter  or  ash,  which  can  be  weighed  on  cooling.  The  difference 
tween  the  total  weight  of  material  insoluble  in  carbon  disulphide  and  the 
;ight  of  substance  taken  equals  the  total  bitumen,  and  the  percentage 
ights  are  calculated  and  reported  as  total  bitumen,  and  organic  and 
organic  matter  insoluble,  on  the  basis  of  the  weight  of  material  taken  for 
alysis. 

"This  method  is  quite  satisfactory  for  most  asphalts,  but  where  certain 
xe  asphalts  are  present  it  will  be  found  practically  impossible  to  retain  all 
the  finely  divided  mineral  matter  on  an  asbestos  felt.  It  is,  therefore, 
nerally  more  accurate  to  obtain  the  result  for  total  mineral  matter  by 
•ect  ignition  of  a  i-g.  sample  in  a  platinum  crucible.  The  total  bitumen  is 
"}.  en  determined  by  deducting  from  100%  the  sum  of  the  percentages  of 
tal  mineral  matter  and  organic  matter  insoluble.  If  the  presence  of  a 
rbonate  mineral  is  suspected,  the  percentage  of  mineral  matter  may  be 
jst  accurately  obtained  by  treating  the  ash  from  a  fixed-carbon  deter- 


732  MATERIALS 

mination  with  a  few  drops  of  ammonium  carbonate  solution,  drying  at  ioo°C 
then  heating  for  a  few  minutes  at  a  dull-red  heat,  cooling,  and  weighing  agai 

When  difficulty  in  filtering  is  experienced — for  instance,  when  Trinidj 
asphalt  is  present  in  any  amount — a  period  of  longer  subsidence  than  15  mi 
is  necessary,  and  the  following  method  proposed  by  the  Committee  < 
Standard  Tests  for  Road  Materials  of  the  American  Society  for  Testii 
Materials  is  recommended.1 

"From  2  to  15  g.  (depending  on  the  richness  in  bitumen  of  the  substanc 
is  weighed  into  a  150-cc.  Erlenmeyer  flask,  the  tare  of  which  has  bei 
previously  ascertained,  and  treated  with  100  cc.  of  carbon  disulphide.  T! 
flask  is  then  loosely  corked  and  shaken  from  time  to  time  until  practical 
all  large  particles  of  the  material  have  been  broken  up,  when  it  is  set  asi 
and  not  disturbed  for  48  hr.  The  solution  is  then  decanted  off  in  a  simil 
flask  that  has  been  previously  weighed,  as  much  of  the  solvent  being  pour 
off  as  possible  without  disturbing  the  residue.  The  first  flask  is  aga 
treated  with  fresh  carbon  disulphide  and  shaken  as  before,  when  it  is  p 
away  with  the  second  flask  and  not  disturbed  for  48  hr. 

"At  the  end  of  this  time  the  contents  of  the  two  flasks  are  carefu! 
decanted  off  upon  a  weighed  Gooch  crucible  fitted  with  an  asbestos  filti 
the  contents  of  the  second  flask  being  passed  through  the  filter  first.  T 
asbestos  filter  shall  be  made  of  ignited  long-fiber  amphibole,  packed  in  t 
bottom  of  a  Gooch  crucible  to  the  depth  of  not  over  W .  After  passi 
the  contents  of  both  flasks  through  the  filter,  the  two  residues  are  shakenjwi 
more  fresh  carbon  disulphide  and  set  aside  for  24  hr.  without  disturbii 
or  until  it  is  seen  that  a  good  subsidation  has  taken  place,  when  the  solve 
is  again  decanted  off  upon  the  filter.  This  washing  is  continued  until  t 
filtrate  or  washings  are  practically  colorless. 

"The  crucible  and  both  flasks  are  then  dried  at  I25°C.  and  weigh* 
The  filtrate  containing  the  bitumen  is  evaporated,  the  bituminous  resid 
burned,  and  the  weight  of  the  ash  thus  obtained  added  to  that  of  the  resic 
in  the  two  flasks  and  the  crucible.  The  sum  of  these  weights  deducl 
from  the  weight  of  substance  taken  gives  the  weight  of  bitumen  extracte< 

BITUMEN  SOLUBLE  IN  CARBON  TETRACHLORIDES 

"Gooch  Crucible  Method. — This  determination  is  made  in  exactly  1 
same  manner  as  described  under  Total  Bitumen,  using  carbon  tetrachlor 
as  a  solvent  instead  of  carbon  disulphide. 

"The  percentage  of  bitumen  soluble  is  reported  upon  the  basis  of  to 
bitumen  taken  as  100.  Thus  if  the  percentage  soluble  in  carbon  tet 
chloride  should  be  found  to  be  98.5%  and  the  percentage  soluble  in  cart 
disulphide  99.0%  the  percentage  of  total  bitumen  soluble  in  carbon  tet 
chloride  would  be 

99-0 

MELTING  POINTS 

"Ring  and  Ball  Method. —  1.  The  softening  of  bituminous  materi 
generally  takes  place  at  no  definite  moment  or  temperature.  As  the  te 
perature  rises,  they  gradually  and  imperceptibly  change  from  a  brittle 
exceedingly  thick  and  slow-flowing  material  to  a  softer  and  less  visa 
liquid.  For  this  reason  the  determination  of  the  softening  point  must 
made  by  a  fixed,  arbitrary,  and  closely  defined  method  if  the  results  obtaii 
are  to  be  comparable. 

"I.  Apparatus. — 2.  The  apparatus  shall  consist  of  the  following: 

"Ring. — a.  A  brass  ring  15.875  mm.  (%")  inside  diameter  and  6.35  rr 
(H")  deep;  thickness  of  wall,  2.38  mm.  (M2");  permissible  variation 
inside  diameter  and  thickness  of  ring,  0.25  mm.  (0.01").  This  ring  shall 
attached  in  a  convenient  manner  to  a  No.  15  B.  &  S.  gage  brass  wire  (die 
eter  1.79  mm.  =  0.0703")  (see  Fig.  257.E). 

"b.  A  steel  ball  9.53  mm.  (%")  in  diameter  weighing  between  3.45  s 
3-55  g- 

1  Proc.  Am.  Soc.  Testing  Materials,  vol.  9,  p.  221,  1909. 

2  U.  S.  Dept.  Agr.,  Bull.  314.  P-  30. 

3  Am.  Soc.  Testing  Materials,  Standard  Method  D36-19. 
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"Container. — c.  A  glass  vessel,  capable  of  being  heated,  not  less  than  9 
tn.  (3.54")  in  diameter  by  13  cm.  (5.12")  deep.  (A  600-cc.  beaker.  Griffin 
w  form  meets  this  requirement.) 

"  Thermometer. — d.  A  thermometer  which  shall  conform  to  trie  following 
jecifications: 

Total  length,  370-400  mm.  (14. 57-15. is"). 
Diameter,  6.5-7.5  mm.  (0.256-0.295"). 
Bulb  length,  not  over  14  mm.  (not  over  0.55"). 
Bulb  diameter,  4.5-5.5  mm.  (0.177-0. 217"). 
"The  scale  shall  be  engraved  upon  the  stem  of  the  thermometer,  shall  be 
ear  cut  and  distinct,  and  shall  run  from  o  to  8ocC.  (32  to  I76°F.)  in  J-5°C 


No./5  BSSCags 
Brass  Wire- 


V-f A 

Brass  R'"9  and  Wire. 


Assembly 
Of  Apparatus. 

Fig.  257JE.- 


Proper    Position 
of    Ball. 


-Ring  and  ball  apparatus. 


visions.  It  shall  commence  not  less  than  7.5  cm.  (2.95  in.)  above  the  bottom 
the  bulb.  The  thermometer  shall  be  furnished  with  an  expansion  cham- 
r  at  the  top  and  have  a  ring  for  attaching  tags.  It  shall  be  made  of  a 
itable  quality  of  glass  and  be  so  annealed  as  not  to  change  its  readings 
der  conditions  of  use.  It  shall  be  correct  to  o.25°C.  (o.45°F.)  as  deter- 
ined  by  comparison  at  full  immersion  with  a  similar  thermometer  cali- 
ated  at  full  immersion  by  the  U.  S.  Bureau  of  Standards. 

Preparation  of  Sample 

•II.  Preparation  of  Sample. — 3.  The  sample  shall  be  melted  and  stirred 
oroughly,  avoiding  incorporating  air  bubbles  in  the  mass,  and  then  poured 
to  the  ring  so  as  to  leave  an  excess  on  cooling.      The  ring,  while  being  filled. 
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should  rest  on  a  brass  plate  which  has  been  amalgamated  to  prevent  th 
bituminous  material  from  adhering  to  it.  After  cooling,  the  excess  materh 
should  be  cut  off  cleanly  with  a  slightly  heated  knife. 

"III.  Testing. — a.   Bituminous   materials   having   softening   points   oo°C 
(i94°F.)  or  below. 

"Assembling. — 4.  Assemble  the  apparatus  as  shown  in  Fig.  5.  Fill  tt 
glass  vessel  to  a  depth  of  substantially  8.25  cm.  (3.25")  with  freshly  boile( 
distilled  water  at  5°C.  (4i°F.).  Place  the  ball  in  the  center  of  the  uppe 
surface  of  the  bitumen  in  the  ring  and  suspend  it  in  the  water  so  that  tl 
lower  surface  of  the  filled  ring  is  exactly  2.54  cm.  (1")  above  the  bottom  (j 
the  glass  vessel  and  its  upper  surface  is  5.08  cm.  (2")  below  the  surface  < 
the  water.  Allow  it  to  remain  in  the  water  for  15  min.  before  applying  hea  | 
Suspend  the  thermometer  so  that  the  bottom  of  the  bulb  is  level  with  tl 
bottom  of  the  ring  and  within  0.635  cm.  (^i").  but  not  touching,  the  ring. 

"Heating. — 5.  Apply  the  heat  in  such  a  manner  that  the  temperature 
the  water  is  raised  5°C.  (o°F.)  each  minute. 

"Softening  Point. — 6.  The  temperature  recorded  by  the  thermomet 
at  the  instant  the  bituminous  material  touches  the  bottom  of  the  glass  vess 
shall  be  reported  as  the  softening  point. 

"Permissible   Variation  in  Rise  of  Temperature. — 7.  The  rate   of  rise 
temperature  shall  be  uniform  and  shall  not  be  averaged  over  the  period 
the  test.      The  maximum  permissible  variation  for  any  minute  period  aft 
the  first  three  shall  be  +o.5°C.  (o.o°F.).     All  tests  in  which  the  rate  of  ri 
in  temperature  exceeds  these  limits  shall  be  rejected. 

"b.   Bituminous  materials  having  softening  points  above  oo°C.   (io4°F 

"  Modification  for  Hard  Materials. — 8.  Use  the  same  method  as  given  und 
(a)  except  that  glycerin  shall  be  used  instead  of  water. 

"IV.  Accuracy. — 9.  The  limit  of  accuracy  of  the  test  is  ±o.s°C.  (o.9°F 

"V.  Precautions. — 10.  The  use  of  freshly  boiled,  distilled  water  is  esse 
tial,  as  otherwise  air  bubbles  may  form  on  the  specimen  and  affect  t 
accuracy  of  the  results.  Rigid  adherence  to  the  prescribed  rate  of  heati 
is  absolutely  essential  to  secure  accuracy  of  results. 

"A  sheet  of  paper  placed  on  the  bottom  of  the  glass  vessel  and  cc 
veniently  weighted  will  prevent  the  bituminous  material  from  sticking 
the  glass  vessel,  thereby  saving  considerable  time  and  trouble  in  cleaning 

7.  CEMENT 

There  are  five  different  classes  of  cement — Portland,  natur; 
Puzzolan,  iron-ore,  and  magnesia  cements.  Of  these  the  Portia] 
is  usually  specified. 

Portland  cement  is  the  term  applied  to  the  finely  pulveriz 
product  resulting  from  the  calcination  to  incipient  fusion  of  : 
intimate  mixture  of  properly  proportioned  argillaceous  and  c; 
careous  materials,  and  to  which  no  addition  greater  than  3%  h 
been  made  subsequent  to  calcination.1 

Natural  cement  is  the  term  applied  to  the  finely  pulverized  pro 
uct  resulting  from  the  calcination  of  an  argillaceous  limestone  at 
temperature  only  sufficient  to  drive  off  the  carbonic  acid  ga 

Portland  cements  are  usually  heavier,  stronger,  slower  settir 
and  more  uniform  than  the  natural  cements  and  are  generally  us 
for  road  structures,  such  as  culverts,  retaining  walls,  etc.  Po: 
land  cement  is  practically  the  only  cement  used  to  any  extent 
the  United  States  at  the  present  time.  The  few  manufacture 
of  natural  cement  who  were  retaining  a  hold  on  the  market  sor 
few  years  back  when  the  production  of  Portland  cement  was  expe 
sive  are  finding  it  difficult  to  compete  with  this  latter  product 
its  present  price  and  quality. 

1  Am.  Soc.  Testing  Materials,  p.  353.  1915. 
*  Ibid.,  p.  352,  1915- 


CONCRETE  MATERIALS 


735 


The  following  is  the  standard  specification  for  Portland  cement 
adopted  by  the  American  Society  of  Civil  Engineers  and  the 
Vmerican  Society  for  Testing  Materials: 

'First :  Specific  Gravity. — The  specific  gravity  of  cement  shall  not  be  less 
han  3.10.  Should  the  test  of  cement  as  received  fall  below  this  require- 
lent,  a  second  test  may  be  made  upon  a  sample  ignited  at  a  low  red  heat, 
lie  loss  in  weight  of  the  ignited  cement  shall  not  exceed  4%. 

"Second :  Fineness. — It  shall  leave  by  weight  a  residue  of  not  more  than 

%  on  the  No.  100,  and  not  more  than  25%  on  the  No.  200  sieve. 

"Third :  Time  of  Setting. — It  shall  not  develop  initial  set  in  less  than  30 
iin.;  and  must  develop  hard  set  in  not  less  than  1  hr.  nor  more  than  10  hr. 

"Fourth:  Tensile  Strength.— The  minimum  requirements  for  tensile 
trength  for  briquettes  1  sq.  in.  in  cross-section  shall  be  as  follows,  and  the 
ement  shall  show  no  retrogression  in  strength  within  the  periods  specified: 

Neat  Cement 


Age 

Strength, 
pounds 

175 
500 
600 

7  days  (1  day  in  moist  air,     6  days  in  water) 

28  days  (1  day  in  moist  air,  27  days  in  water) 

1  Part  Cement  3  Parts  Standard  Ottawa  Sand 

7  days  (1  day  in  moist  air,     6  days  in  water) 

200 

275 

28  days  (1  day  in  moist  air,  27  days  in  water) 

"Fifth :  Constancy  of  Volume. — Pats  of  neat  cement  about  3"  in  diameter, 
i"  thick  at  the  center,  and  tapering  to  a  thin  edge  shall  be  kept  in  moist 
it  for  a  period  of  24  hr. 

1.  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  inter- 
als  for  at  least  28  days. 

"b.  Another  pat  is  kept  in  water  maintained  as  near  70°F.  as  prac- 
cable,  and  observed  at  intervals  for  at  least  28  days. 

c.  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of 
earn,  above  boiling  water,  in  a  loosely  closed  vessel  for  5  hr. 

"These  pats,  to  pass  the  requirements  satisfactorily,  shall  remain  firm  and 
ard,  and  show  no  signs  of  distortion,  checking,  cracking,  or  disintegrating. 

"Sixth :  Chemical  Composition. — The  cement  shall  not  contain  more  than 
75%  of  anhydrous  sulphuric  acid  (SO2),  nor  more  than  4%  of  magnesia 
MgO)." 

The  equipment  used  in  testing  cement  is  standardized  in  detail 
nd  can  be  obtained  in  the  Year  Book  published  by  the  American 
ociety  for  Testing  Materials  or  Committee  Report  on  Uniform 
ests  of  Cement  of  the  American  Society  of  Civil  Engineers,  1922. 

CONCRETE  MATERIALS.     8.  FINE  AGGREGATE 


Fine  aggregate  for  use  in  cement  or  asphaltic  concrete  should 
bnsists  of  sand  free  from  any  deleterious  matter.  Any  sand  which 
(lows  a  coating  on  the  grains  should  not  be  used  until  satisfactorily 
eansed  by  washing. 

The  following  tests  are  made  on  sand  to  determine  its  suitability 
)r  use  in  different  classes  of  concrete: 
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i.  Gradation.1 

2.  Percentage  of  voids. 

3.  Percentage  of  loam  or  silt. 

4.  Organic  impurities. 

5.  Resistance  to  abrasion. 

6.  Compressive  or  tensile  strength  in  cement  mortar. 

Mechanical  Analysis  of  Aggregate. 


Table  125. — American  Society  for  Testing  Materials  Stani 

ard  Sieves 


Permissible 

Mesh 
designa- 

Unit of 
measure 

Actual 
mesh 

Open- 
ing 

Wire 
diameter 

variations 

tion 

Mesh 

Diamete 

IOa 

Centimeter 

3-9 

0  .200 

0.056 

0.04 

0.005 

Inches 

0.0 

0.079 

0.022 

0 . 1 

0.002 

20° 

Centimeter 

8.0 

0.085 

0.040 

0  .2 

0.0015 

Inches 

20.3 

0.033S 

0.0157 

0.5 

o.ooof 

30 

Centimeter 

12  .0 

0.050 

0.033 

0.4 

0 .0012 

Inches 

30.5 

0  .0197 

0  .0130 

1  .0 

0.000= 

400 

Centimeter 

16.0 

0.036 

0  .026 

0.6 

0 .OOIC 

Inches 

40.6 

0 .0142 

0 .0102 

1  -5 

O.OOO/ 

50 

Centimeter 

20.0 

0.029 

0.021 

0.8 

O.OOK 

Inches 

50.8 

0.0114 

0  .0083 

2  .0 

0.000. 

80 

Centimeter 

31 .0 

0  .017 

0.015 

1  .0 

0.000J 

Inches 

78.7 

0 .0067 

0.0059 

30 

0 .  000; 

100° 

Centimeter 

39.o 

0.014 

0.0116 

1  .0 

0.000* 

Inches 

99-1 

0.0055 

0 . 0046 

30 

0 .  000; 

200° 

Centimeter 

79-0 

0.0074 

0.0053 

3-0 

0 . 000; 

Inches 

200.7 

0.0029 

0 .0021 

8.0 

0.000: 

<*  It  is  recommended  that  for  routine  tests  except  for  fine  aggregate  for  h> 
nixed,  bituminous  surfaces,  the  H"  screen  and  these  sieves  be  used. 

STANDARD    METHOD    FOR    MAKING   A   MECHANICAL   ANALYS 
OF    SAND    OR    OTHER    FINE    HIGHWAY    MATERIAL* 

Adopted,  1919.  Revised  1916,  1918. 
"The  method  shall  consist  of  drying  at  not  over  no°C.  (230°F.)  to  a  cc 
stant  weight  of  a  sample  weighing  of  from  ioo  to  500  g.;  passing  the  sanrj 
through  each  of  the  mesh  sieves  (American  Society  for  Testing  Materi. 
standard  sieves)  specified  in  Table  125  ;3  determining  the  percentage 
weight  retained  on  each  sieve,  the  sifting  being  continued  on  each  sieve  un 
less  than  1%  of  the  weight  retained  on  each  sieve  shall  pass  through  the  sie 
during  the  last  minute  of  sifting;  and  recording  the  mechanical  analy 
in  the  following  manner: 

Passing  200-mesh  sieve 

Passing  100-  and  retained  on  a  200-mesh  sieve 

Passing  80-  and  retained  on  a  100-mesh  sieve 

Passing  50-  and  retained  on  a  80-mesh  sieve 


. 


1  For  the  effect  of  size  and  gradation  on  strength  of  concrete  see  pp.  479 
484,   Abram's   "Fineness    Modulus." 

2  Amer.  Soc.  Testing  Materials,  Standard  Method,  Serial  Designatic 
D7-18,  slightly  modified. 

3  Note. — The  order  in  which  the  sieves  are  to  be  used  in  the  process 
sifting  is  immaterial  and  shall  be  left  optional,  but  in  reporting  results  t 
order  in  which  the  sieves  have  been  used  shall  be  stated. 
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MAKING  A  MECHANICAL  ANALYSIS  OF  MIXTURES  OF  SAND  OR 

OTHER  FINE  MATERIAL  WITH  BROKEN  STONE,  BROKEN 

SLAG,  OR  GRAVEL  PEBBLESi 

"The  method  shall  consist  of  drying  at  not  over  no°C.  (230T.)  to  a 
constant  weight  a  sample  weighing  in  pounds  six  times  the  diameter  in  inches 
of  the  largest  holes  required;  separating  the  sample  by  the  use  of  a  screen 
having  circular  openings  0.64  cm.  (3-i")  in  diameter;  examining  the  portion 
retained  on  the  screen  in  accordance  with  the  Standard  Method  for  Making 
a  Mechanical  Analysis  of  Broken  Stone  or  Broken  Slag,  except  for  Aggregates 
Used  in  Cement  Concrete  (Serial  Designation:  D18)  of  the  American  Society 
for  Testing  Materials;  examining  the  portion  passing  this  screen  in  accor- 
dance with  the  Standard  Method  for  Making  a  Mechanical  Analysis  of 
Sand  or  Other  Fine  Highway  Material,  except  for  Fine  Aggregates  of  Sand 
or  Other  Fine  Highway  Material,  except  for  Fine  Aggregates  Used  in 
Cement  Concrete  (Serial  Designation  D7)  of  the  American  Society  for  Test- 
ng  Materials;  and  recording  the  mechanical  analysis  in  the  following  manner: 

Passing  200-mesh  sieve % 

Passing  100-  and  retained  on  a  200-mesh  sieve % 

Passing  80-  and  retained  on  a  100-mesh  sieve % 

Passing  20-  and  retained  on  80-mesh % 

Passing  10-  and  retained  on  a  20-mesh  sieve % 

Passing  0.64-cm.  (W)  and  retained  on  a  10-mesh  sieve % 

assing  1.27-cm.   (^2")  and  retained  on  a  0.64-cm.  (J^")  screen      % 

assing  1.90-cm.  (%t  )  and  retained  on  a  1.27-cm.  (W)  screen      % 

100.00%'' 

Tests  for  Loam.  Field  Test. — It  is  convenient  to  have  a  graduated 
ube  but  any  tall  bottle  will  do.  Fill  bottle  or  tube  about  one-third 
>r  half  full  of  sand  to  be  tested.  Add  water  till  bottle  or  tube  is 
learly  full.  Stopper  the  top,  turn  into  a  horizontal  position  and 
.hake  vigorously.  Change  quickly  to  vertical  position  and  leave 
or  24  hr.  without  disturbing.  The  clay  and  loam  will  settle  on  top 
n  more  or  less  clearly  defined  degree,  the  amount  of  which  can  be 
asily  measured.  This  method  is  sufficiently  close  for  check  field 
ests.     The  Standard  laboratory  test  is  described  below. 

"Test  for  Amount  of  Clay  and  Silt  in  Sand  or  Fine  Aggregate. — The 

ample  as  received  shall  be  moistened  and  thoroughly  mixed,  then  dried  to 
onstant  weight  at  a  temperature  between  ioo°C.  (2i2°F.)  and  no°C. 
23o°F.). 

"Five  hundred  grams  representative  of  the  dried  sample  shall  be  placed  in 

dried  and  accurately  weighed  pan  or  vessel  having  vertical  sides  and 
rovided  with  a  pouring  lip.  This  pan  shall  be  substantially  22.9  cm.  (9") 
1  diameter  by  not  less  than  10.2  cm.  (4")  deep.  Pour  sufficient  water  in  the 
an  to  cover  the  same  (about  225  cc).  Agitate  vigorously  for  15  sec.  and 
hen  pour  off  the  water  into  a  tared  evaporating  dish,  taking  care  not  to 
our  off  any  sand.  Repeat  until  the  wash  is  clear,  using  a  glass  rod  to  stir 
iae  material  for  the  last  few  washings. 

"Thoroughly  dry  the  pan  and  washed  sand  in  an  oven  at  between  ioo°C. 
2i2°F.)  and  no°C.   (230°F.),  weigh  and  determine  net  weight  of  sand. 

"Compute  the  per  cent  of  clay  and  silt  as  follows: 

•riginal  weight  —  weight  after  washing  .  .  ,    ,  .     - 

X  100  =  per  cent  of  clay  and  silt. 


Original  weight 

"For  a  check  on  the  results,  evaporate  the  wash  water  to  dryness  and 
feigh  the  residue. 

Weight  of  residue  ,.  ',  ,    ., 

,-.  ■   . — -, .  ,  ^     X  100  =  per  cent  of  clay  and  silt. 

Original  weight 

1  Amer.  Soc.   Testing   Materials,  Standard   Method,   Serial   Designation: 
'19-16. 
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"Test  for  Amount  of  Clay  and  Silt  in  Gravel. — The  sample  as  received  shall 
be  moistened  and  thoroughly  mixed,  then  dried  to  constant  weight  at  a 
temperature  between  ioo°C.  (2i2°F.)  and  no°C.   (230°F.). 

"A  representative  portion  of  the  dry  material,  weighing  not  less  than 
fifty  times  the  weight  of  the  largest  stone  in  the  sample,  shall  be  selected 
from  the  sample  and  placed  in  a  dried  and  accurately  weighed  pan  or  vessel. 
The  pan  shall  be  30.2  cm.  (12")  in  diameter  by  not  less  than  10.2  cm.  (4") 
deep,  so  nearly  as  may  be  obtained.  Pour  sufficient  water  in  the  pan  to 
cover  the  gravel  and  agitate  vigorously  for  15  sec,  using  a  trowel  or  stirring 
rod.  Allow  to  settle  for  15  sec,  and  then  pour  off  the  water  into  a  tared 
evaporating  dish,  being  careful  not  to  pour  off  any  sand.  Repeat  until  the 
wash  water  is  clear. 

"  Dry  the  washed  material  to  constant  weight  in  an  oven  at  between  ioo°C. 
(2i2°F.)  and  no°C.   (230°F.),  weigh  and  determine  net  weight  of  gravel. 

"Compute  the  per  cent  of  clay  and  silt  as  follows: 

Original  weight  —  weight  after  washing  „  „  ■  .    „.  1 

^  100  =  per  cent  of  clay  and  silt. 


Original  weight 


X 


STANDARD   METHOD   OF  TEST  FOR   ORGANIC    IMPURITIES    IN 
SANDS  FOR  CONCRETE.     SERIAL  DESIGNATION :  C40-22 

"This  method  is  issued  under  the  fixed  designation  C40;  the  final  number 
indicates  the  year  of  original  adoption  as  standard,  or  in  the  case  of  revision, 
the  year  of  last  revision.     Proposed  as  tentative,  1921;  adopted,  1922. 

"I.  Scope. — The  test  herein  specified  is  an  approximate  test  for  the 
presence  of  injurious  organic  compounds  in  natural  sands  for  cement  mortar 
or  concrete.  The  principal  value  of  the  test  is  in  furnishing  a  warning  that 
further  tests  of  the  sand  are  necessary  before  they  be  used  in  concrete. 
Sands  which  produce  a  color  in  the  sodium  hydroxide  solution  darker  than  the 
standard  color  should  be  subjected  to  strength  tests  in  mortar  or  concrete 
before  use. 

"2.  Sample. — a.  A  representative  test  sample  of  sand  of  about  1  lb. 
shall  be  obtained  by  quartering  or  by  the  use  of  a  sampler. 

Procedure. — b.  A  12-oz.  graduated  glass  prescription  bottle  shall  be 
filled  to  the  4-oz.  mark  with  the  sand  to  be  tested. 

"c.  A  3%  solution  of  sodium  hydroxide  (NaOH)  in  water  shall  be  added 
until  the  volume  of  sand  and  liquid  after  shaking  gives  a  total  volume  of 
7  liquid  oz. 

'  d.  The  bottle  shall  be  stoppered  and  shaken  thoroughly  and  then 
allowed  to  stand  for  24  hr. 

"e.  A  standard  color  solution  shall  be  prepared  by  adding  2.5  cc  of  a' 2% 
solution  of  tannic  acid  in  10%  alcohol  to  22.5  cc.  of  a  3%  sodium  hydroxide 
solution.  This  shall  be  placed  in  a  12-oz.  prescription  bottle,  stoppered 
and  allowed  to  stand  for  24  hr.,  then  25  cc.  of  water  added. 

"Color  Value. — /.  The  color  of  the  clear  liquid  above  the  sand  shall  be 
compared  with  the  standard  color  solution  prepared  as  in  Par.  e  or  with  a 
glass  of  color  similar  to  the  standard  solution. 

"3.  Solutions  darker  in  color  than  the  standard  color  have  a  'color  value' 
higher  than  250  parts  per  million  in  terms  of  tannic  acid." 

"Color  Values. — While  it  is  not  practicable  to  give  exact  values  for  the 
reduction  in  strength  corresponding  to  the  different  colors  of  solution,  the    L 
tests  made  thus  far  show  this  relation  to  be  about  as  follows: 


Color  number  (actual  color  prints  can  be 
obtained  from  Cement  Association) 


Reduction  in  compressive 

strength  of  1.3  mortar 

at  7  and  28  days,  % 


K 


Fig.  1 
Fig.  2 
Fig.  3 
Fig.  4 
Fig.  5 


None 
10-  20 

is-  30 

25-  50 
50-100 


"Washing  dirty  sands  has  the  effect  of  greatly  reducing  the  quantity  ol 
organic  impurities.  Even  after  washing,  however,  sands  should  be  examinee 
in  order  to  determine  whether  the  organic  impurities  have  been  reduced  tc 
harmless  proportions. 
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"The  following  list  includes  sufficient  apparatus  for  making  five  field  tests 
at  a  time: 

"Five  12-oz.  graduated  prescription  bottles;  stock  of  3%  solution  of  sodium 
hydroxide  (dissolve  1  oz.  of  sodium  hydroxide  in  enough  water  to  make 
32  oz.). 

"This  test  does  not  give  satisfactory  results  when  lignite  is  present  in  the 
sand.  Lignite  is  a  mineral  coal  of  recent  geological  origin.  It  is  known 
commonly  as  'brown  or  sud'  coal." 

Water  Tests. — Water  must  be  clean  and  pure,  free  from  organic 
impurities  or  oily  content. 
The  usual  tests  are  for: 

1.  Organic  impurities  (see  p.  738). 

2.  Alkaline  or  acid  reactions.  This  is  determined  by  the  common 
litmus-paper  test,  and  if  a  strong  acid  or  alkaline  reaction  is  shown 
the  water  should  be  rejected. 

Proposed  Abrasion  for  fine  Aggregate. — The  following  is 
suggested  as  a  tentative  method1  for  determining  the  resistance  of 
the  fine  aggregate  to  abrasion. 

"The  fine  aggregate  is  washed  and  dried  at  a  temperature  not  exceed- 
ing no°C.  All  material  retained  on  the  W  sieve  and  all  material  pass- 
ing a  standard  50-mesh  sieve  is  discarded.  Five  hundred  grams  of  the 
jortion  passing  a  J4"  screen  and  retained  on  a  50-mesh  sieve  are  placed  in  a 
Deval  abrasion  cylinder  with  a  charge  of  250  g.  of  %e"  commercial  steel  bear- 
ing balls  (21  balls  weigh  practically  250  g.).  The  weight  of  the  balls  is  to  be 
within  1%  of  the  required  250  g.  The  charge  in  the  Deval  abrasion  cylin- 
der is  rotated  for  2000  revolutions  at  the  rate  of  33  r.p.m.  The  sample  of 
sand  is  removed  and  sieved  over  a  100-mesh  sieve.  The  sample  is  preferably 
divided  in  three  portions  for  sieving,  the  sieving  being  completed  over  a 
white  sheet  of  paper,  and  is  continued  until  practically  no  dust  passes  the 
sieve  when  shaken  for  1  min.  The  portion  retained  on  the  100-mesh  sieve 
s  weighed.  Five  hundred  grams,  minus  the  weight  of  the  samples  retained 
:>n  the  100-mesh  sieve  after  abrasion,  is  taken  as  the  loss  on  abrasion.  This 
veight  divided  by  5  gives  the  percentage  of  wear." 

SUMMARY  FINE  AGGREGATE 

In  order  to  secure  suitable  qualities,  minimum  requirements 
letermined  from  the  above  tests  should  be  definitely  specified.  For 
isphal tic-concrete  sand  requirements  see  page  494. 

The  following  specifications  in  regard  to  cement-concrete  sand 
ire  now  being  used  by  highway  departments  in  several  of  the  states: 

!"Sand  for  use  in  Portland-cement-concrete  roads  shall  be  of  the  following 
radation:  100%  shall  pass  a  J4"  screen,  not  more  than  20%  shall  pass  a 
o-mesh  sieve,  and  not  more  than  6%  shall  pass  a  100-mesh  sieve.  Sand 
lay  be  rejected  for  this  class  if  it  contains  more  than  5%  of  loam  and  silt. 
■Mortar  in  the  proportion  of  1  part  of  cement  to  3  parts  of  the  sand  shall 
levelop  a  compressive  or  tensile  strength  of  a  similar  mortar  of  the  same  age, 
pmposed  of  the  same  cement  and  standard  Ottawa  sand. 
j  "Sand  for  use  in  foundations,  culverts,  retaining  walls,  etc.  shall  not 
tontain  more  than  8%  of  loam  and  silt.  Mortar  in  the  proportion  of  1  part 
f  cement  to  3  parts  of  the  sand  when  tested  shall  develop  a  compressive  or 
ensile  strength  of  at  least  80%  of  the  strength  of  a  similar  mortar  of  the 
lime  age,  composed  of  the  cement  and  standard  Ottawa  sand. 

"Screenings,  if  substituted  wholly  or  in  part  for  the  above  sand,  should 
keet  the  following  requirements: 

[  "They  shall  be  free  from  dust  coating  or  other  dirt.  One  hundred  per 
;nt  shall  pass  a  y±"  screen  and  not  more  than  6%,  shall  pass  a  No.  100  sieve, 
fortar  in  the  proportions  of  3  parts  of  the  screenings  or  mixed  screenings 

1  Agg's  "Construction  of  Roads  and  Pavements." 
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and  sand  with  I  part  of  cement  shall  develop  a  strength  equal  to  a  sand  for 
which  it  is  to  be  substituted.  _ 

"The  best  and  safest  way  in  the  selection  of  a  concrete  sand  is  to  have  a 
fair  representative  sample  from  the  deposit  listed.  After  this  is  found  to 
meet  the  requirements,  it  is  necessary  to  have  constant  and  careful  field 
inspections  and  tests  made  as  the  deposit  is  worked. 

"The  use  of  screenings  is  not  advisable  on  any  concrete  work,  except  where 
a  good  grade  of  sand  is  not  available.  When  used,  the  product  must  be 
inspected  constantly  and  tested,  as  it  is  likely  to  vary  to  a  considerable 
degree.  Screenings  from  the  softer  limestones  should  not  be  used,  as  the 
material  is  apt  to  "ball"  in  the  mixer. 

"Sand  used  for  grout  in  brick  and  stone-block  pavements  must  be  fine 
enough  to  insure  it  getting  between  the  joints  of  the  block,  but  an  exces- 
sively fine  sand  should  be  avoided,  as  it  weakens  the  grout.  'Some  states 
and  many  municipalities  require  the  grout  sand  to  pass  a  No.  20  sieve  and 
not  more  than  30%  pass  a  No.  100  sieve.  Such  sand  should  not  contain 
more  than  5%  of  loam  and  silt." 

9.  COARSE  AGGREGATE 

Coarse  aggregate  for  use  in  structural  concrete  should  be  of  hard, 
durable  stone  gravel  or  blast-furnace  slag  (see  table  of  tests)  free 
from  coating  of  any  kind.  For  use  in  concrete  pavement,  stone  and 
gravel  should  be  hard,  tough,  and  absolutely  clean.  For  use  in 
culverts,  retaining  walls,  etc.,  stone,  gravel,  or  slag  should  be  of 
sound,  unweathered  material,  clean  and  free  from  coating.  It 
should  not  contain  more  than  10%  of  soft  stone  or  shale.  Gravel 
containing  a  large  percentage  of  thin,  flat  stone  should  not  be  used. 
Detail  test  methods  follow. 

For  reinfored  concrete  the  size  of  the  stone  is  usually  ^'2  to  1" 
in  order  to  facilitate  the  compacting  of  the  concrete  between  the 
reinforcing  bars  or  mesh.  For  plain  concrete  a  mixed  size  is 
used,  ranging  from  3^2  to  3^";  a  scientifically  graded  stone  reduces 
the  amount  of  mortar  required,  but  the  structures  in  road  work  are 
so  small  that  it  does  not  pay  to  attempt  to  reduce  the  voids  in  this 
manner  and  the  size  that  is  available  is  used,  varying  the  propor- 
tions of  mortar  to  get  a  dense  product.  For  extensive  concrete 
pavement  of  the  first  class,  graded  sizes  are  feasible. 

The  use  of  slag  in  concrete  is  still  a  debatable  matter  but  if  provec 
to  be  reasonable  will  add  materially  to  the  source  of  concrete  mate 
rials.  All  the  indications  and  service  tests  seem  to  indicate  that  it  « 
suitable  for  paving  bases,  but  that  its  use  for  concrete  roads  is  t( 
be  avoided  unless  other  suitable  materials  are  prohibitive  in  cost 

STANDARD   METHOD   FOR   MAKING   A   MECHANICAL  ANALYSIS 
OF  BROKEN  STONE,  BROKEN  SLAG,  OR  GRAVEL  PEBBLES* 

"The  method  shall  consist  of  drying  at  not  over  no°C.  (230°F.)  to  . 
constant  weight  a  sample  weighing  in  pounds  six  times  the  diameter  in  inche 
of  the  largest  holes  required;  passing  the  sample  through  such  of  the  follow- 
ing size  screens  having  circular  opening  as  are  required  or  called  for  by  th 
specifications,  screens  to  be  used  in  the  order  named:  8.89  cm.  (3H"),  7-6 
cm.  (3"),  6.35  cm.  (2H").  5.o8  cm.  (2"),  3-8i  cm.  (itf"),  3.18  cm.  dH") 
2.54  cm.  (1").  i-oo  cm.  (%"),  1.27  cm.  (H"),  and  0.64  cm.  (K");.  deter 
mining  the  percentage  by  weight  retained  on  each  screen;  and  recording  th 
mechanical  analysis  in  the  following  manner: 

1  American    Society    For    Testing    Materials,    Standard    Method,   Serisl 
Designation:  D18-16,  slightly  modified,  Agg's  "Construction  of  Roads  an W 
Pavements." 


:- 
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Passing  0.64-cm.  (>£")  screen % 

Passing  1.27-cm.  (>i>")  and  retained  on  a  0.64-cm.   O4")  screen      % 

Passing  1.00-cm.  (%")  and  retained  on  a  1.27-cm.  ($■£")  screen      % 

Passing  2.54-cm.  (1")  and  retained  on  a  1.90-cm.   {%")  screen      % 

100.00%" 

Weight  per  Cubic  Foot  and  Void  Tests  on  Coarse  Aggregate. — 

The  weight  per  cubic  foot  of  coarse  aggregate  shall  be  determined 
as  follows: 

A  cylindrical  measure  of  at  least  14  cu.  ft.  capacity  with  inside 
diameter  approximately  equal  to  inside  height,  or  a  box  approxi- 
mately cubical  in  shape  and  of  not  less  than  3^-cu.  ft.  capacity, 
should  be  used. 

Ordinarily,  the  determination  should  be  made  on  aggregate  in 
air-dry  condition.  When  the  aggregate  contains  an  appreciable 
amount  of  moisture,  the  percentage  of  water  by  weight  should  be 
determined  and  recorded. 

About  %  of  the  total  amount  of  aggregate  necessary  to  fill  the 
measure  is  first  introduced  in  such  manner  as  to  avoid  separation 
of  sizes.  This  material  is  then  shaken  down  by  rocking  the  measure 
from  side  to  side  until  no  further  settlement  takes  place.  The 
process  is  repeated  until  the  measure  has  been  filled  to  overflowing, 
after  which  it  is  struck  off  level  with  the  top  with  a  straightedge 
and  weighed. 

The  percentage  of  voids  in  the  aggregate  may  be  determined  from 
the  weight  per  cubic  foot  and  specific  gravity  in  the  usual  manner. 

Method  of  Determining  the  Weight  of  Fine  Aggregate  per  Cubic 
Foot. — For  tests  on  fine  aggregate  use  a  cylindrical  metal  measure 
having  inside  diameter  equal  to  inside  depth.  A  measure  of  capac- 
ity of  ^o  to  }-2  cu.  ft.  is  suggested,  but  a  measure  as  small  as  }^Q- 
cu.  ft.  capacity  may  be  used. 

Ordinarily,  the  weight  per  cubic  foot  should  be  determined  on 
air-dry  material.  When  the  aggregate  contains  an  appreciable 
amount  of  moisture  the  percentage  of  water  by  weight  should  be 
determined  and  recorded. 

Fill  the  measure  one-third  full,  puddle  with  25  to  30  strokes 
from  a  %"  round  steel  bar  20"  long,  pointed  at  the  lower  end. 
Continue  filling  and  puddling  in  like  manner  until  the  measure  is 

!full,  then  strike  off  the  top  by  a  rolling  motion  with  the  bar.  Deter- 
mine the  weight  of  the  contents  of  the  measure  and  calculate  the 
weight  in  pounds  per  cubic  foot. 

Specific  Gravity  and  Absorption  Tests  on  Stone  or  Other  Coarse 
Materials. — The  apparent  specific  gravity  is  obtained  by  weighing 
the  water  displaced  by  a  sample  of  the  material  weighing  approxi- 
mately 1000  g.  broken  into  pieces  about  i%"  m  diameter.  A 
Special  type  of  vessel  is  used.  It  consists  of  a  galvanized-iron 
pylinder  closed  at  one  end,  and  measuring  5"  in  diameter  by  8" 
ligh.  A  brass  spout  3/£"  in  diameter  is  soldered  into  the  side  of 
:he  cylinder  6"  from  the  bottom.  The  spout  is  inclined  at  an  angle 
>f  2  with  the  horizontal  and  is  2%"  long.  A  notch  is  filed  across 
ts  lower  end,  as  shown,  to  stop  the  drip  from  the  displaced  water. 
I  determining  the  specific  gravity,  the  dried  and  cooled  sample  is 
veighed  to  the  nearest  0.5  g.  and  immersed  in  water  for  24  hr. 
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The  pieces  are  then  individually  surface  dried  with  a  towel,  the 
sample  reweighed  and  immediately  placed  in  the  cylinder,  which 
has  been  filled  previously  to  overflowing  with  water  at  room 
temperature. 

The  weight  of  water  displaced  by  the  sample  is  used  to  calculate 
its  apparent  specific  gravity.  The  difference  between  the  original 
weight  of  the  sample  and  its  weight  after  24  hr.  is  used  to  determine 
the  absorption. 

Abrasion  Tests  for  Gravel. — The  aggregate  is  screened  first 
through  screens  having  circular  openings  2,  1%,  1,  and  %"  in  diam- 
eter. The  sizes  used  for  this  test  are  divided  equally  between 
those  passing  the  2"  and  retained  on  ai^"  screen,  passing  ai^" 
screen  and  retained  on  a  1"  screen,  passing  ai"  screen  and  retained 
on  a  %"  screen,  passing  a  %"  screen  and  retained  on  a  ^2"  screen. 
The  material  of  these  sizes  is  washed  and  dried.  The  following 
weights  of  the  dried  stone  are  then  taken:  1250  g.  of  the  size  passing 
the  2"  screen  and  retained  on  the  i^"  screen,  1250  g.  of  the  size 
passing  the  i%"  and  retained  on  the  1"  screen,  1250  g.  passing  the 
1"  screen  and  retained  on  the  %"  screen,  and  1250  g.  passing  the 
%"  screen  and  retained  on  the  }£"  screen.  This  material  is  placed 
in  the  cast-iron  cylinder  of  the  Deval  machine,  as  specified  for  the 
standard  abrasion  test  on  stone.  Six  cast-iron  spheres  1.875" 
in  diameter  and  weighing  approximately  0.95  lb.  (0.45  kg.)  each 
are  placed  in  the  cylinder  as  an  abrasive  charge.  The  spheres  are 
the  same  as  those  used  in  the  standard  paving-brick  rattler  test. 

After  the  cast-iron  spheres  have  been  placed  in  the  cylinder  the 
lid  is  bolted  on  and  the  cylinder  mounted  in  the  frame  of  the  Deval 
machine.  The  duration  of  the  test  and  the  rate  of  rotation  are  the 
same  as  specified  for  the  standard  test  for  stone,  namely,  10,000 
revolutions  at  the  rate  of  30  to  33  r.p.m.  At  the  completion  of 
the  test  the  material  is  taken  out  and  screened  through  a  16-mesh 
sieve.  The  material  retained  upon  the  sieve  is  washed  and  dried 
and  the  per  cent  loss  by  abrasion  of  the  material  passing  the  16- 
mesh  sieve  calculated. 

When  the  materials  have  a  specific  gravity  below  2.20,  a  total 
weight  of  4000  g.  made  up  of  the  four  groups  of  sizes  described 
above,  instead  of  5000  g.,  shall  be  used  in  the  abrasion  test. 

Proposed  Test  for  Percentage  of  Shale  in  Gravel. — It  is  suggested 
that,  for  the  separation  of  shale  and  other  light  unsatisfatory  pieces 
from  concrete  aggregate,  a  solution  of  zinc  chloride  (ZnCU)  or  some 
other  satisfactory  liquid  having  a  specific  gravity  of  approximately 
1.95  be  used.  A  sample  of  the  pebbles  should  be  first  dried  to 
constant  weight  at  not  over  no°C,  and  then  placed  in  a  container 
of  suitable  size  partially  filled  with  the  solution.  Agitate  for 
min.,  skim  off  the  lighter  materials,  and  then  pour  the  solution 
through  a  sieve  which  will  retain  the  pebbles.  Repeat  the  operation 
until  the  entire  sample  has  been  separated.  Dry  to  constant  weight, 
measure  the  volume  of  retained  material,  and  compute  the  percent 
age  by  volume  of  shale  or  other  soft  material. 
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STANDARD   METHODS   OF   MAKING   AND   STORING    SPECIMENS 
OF     CONCRETE   IN    THE   FIELD.     SERIAL    DESIGNATION:   C31-21 

"These  methods  are  issued  under  the  fixed  designation  C31;  the  final 
number  indicates  the  year  of  original  adoption  as  standard,  or,  in  the  case  of 
revision,  the  year  of  last  revision.  Proposed  as  tentative,  1920;  adopted, 
192 1,  American  Society  for  Testing  Materials. 

"1.  Scope. — The  methods  herein  specified  apply  to  molding  and  storing 
of  test  specimens  of  concrete  sampled  from  concrete  being  used  in 
construction. 

"2.  Size  and  Shape  of  Specimen. — The  test  specimens  shall  be  cylindrical 
in  form  with  the  length  twice  the  diameter.  In  general,  a  mold  whose 
diameter  is  not  less  than  four  times  the  diameter  of  the  largest-size  aggregate 
shall  be  used.  (The  sizes  most  commonly  used  are  6  by  12"  and  8  by  16" 
cylinders.) 

"3.  Molds. — a.  The  molds  shall  be  cylindrical  in  form,  made  of  non- 
absorbent  material,  and  shall  be  substantial  enough  to  hold  their  form  during 
the  molding  of  the  test  specimens.  They  shall  not  vary  in  diameter  more 
than  yi&"  in  any  direction,  nor  shall  they  vary  in  height  more  than  He" 
from  the  height  required.  They  shall  be  substantially  water-tight  so  that 
there  will  be  no  leakage  of  water  from  the  test  specimen  during  molding. 

"b.  Each  mold  shall  be  provided  with  a  base  plate  having  a  plane  surface 
and  made  of  non-absorbent  material.  This  plate  shall  be  large  enough  in 
diameter  to  support  the  form  properly  without  leakage.  Plate  glass  or  planed 
metal  are  satisfactory  for  this  purpose.  A  similar  plate  should  be  pro- 
vided for  covering  the  top  surface  of  the  test  specimen  after  being  molded. 

"c.  Suggestions  for  suitable  forms  are  shown  in  accompanying  figures. 

"4.  Sampling  of  Concrete. — a.  Concrete  for  the  test  specimens  shall  be 
taken  immediately  after  it  has  been  placed  in  the  work.  All  the  concrete 
for  each  sample  shall  be  taken  from  one  place.  A  sufficient  number  of 
samples — each  large  enough  to  make  one  test  specimen — shall  be  taken  at 
different  points  so  that  the  test  specimens  made  from  them  will  give  a  fair 
average  of  the  concrete  placed  in  that  portion  of  the  structure  selected  for 
tests.  The  location  from  which  each  sample  is  taken  shall  be  noted  clearly 
for  future  reference. 

"b.  In  securing  samples,  the  concrete  shall  be  taken  from  the  mass  by  a 
shovel  or  similar  implement  and  placed  in  a  large  pail  or  other  receptacle, 
for  transporting  to  the  point  of  molding.  Care  shall  be  taken  to  see  that 
each  test  specimen  represents  the  total  mixture  of  the  concrete  at  that  place. 
Different  samples  shall  not  be  mixed  together  but  each  sample  shall  make  one 
specimen. 

"5.  Molding  the  Specimens. — c.  The  pails  or  other  receptacles  contain- 
ing the  samples  of  concrete  shall  be  taken  as  quickly  as  possible  to  the  place 
selected  for  molding  test  specimens.  To  offset  segregation  of  the  concrete 
occurring  during  transportation,  each  sample  shall  be  dumped  into  a  non- 
absorbent  water-tight  receptacle  and,  after  slight  stirring,  immediately 
placed  in  the  mold. 

"b.  The  test  specimens  shall  be  molded  by  placing  the  concrete  in  the  form 
in  layers  approximately  4"  in  thickness.  Each  layer  shall  be  puddled  with 
25  to  30  strokes  with  a  2i  to  %"  bar  about  2'  long,  tapered  slightly  at  the 
lower  end.  After  puddling  the  top  layer,  the  surface  concrete  shall  be  struck 
off  with  a  trowel  and  covered  with  the  top  cover  plate,  which  will  later  be 
used  in  capping  the  test  specimens." 

"6.  Capping  Specimens. — Two  to  four  hours  after  molding,  the  test 
specimens  shall  be  capped  with  a  thin  layer  of  stiff  neat  cement  paste  in 
order  that  the  cylinder  may  present  a  smooth  end  for  testing.  The  cap  can 
best  be  formed  by  means  of  a  piece  of  plate  glass  W  thick  and  of  a  diameter 
2  or  3"  larger  than  that  of  the  mold.  This  plate  is  worked  on  the  fresh 
cement  paste  until  it  rests  on  top  of  the  form.  The  cement  for  capping 
should  be  mixed  to  a  stiff  paste  some  time  before  it  is  to  be  used  in  order 
to  avoid  the  tendency  of  the  cap  to  shrink.  Adhesion  of  the  concrete  to  the 
top  and  bottom  plates  can  be  avoided  by  oiling  the  plates  or  by  inserting  a 
sheet  of  paraffined  tissue  paper. 

"7.  Removal  of  Specimens  from  Forms. — At  the  end  of  48  hr.  the  test 
specimens  shall  be  removed  from  the  molds  and  buried  in  damp  sand  except 
in  case  the  molds  shown  in  Fig.  3  are  used;  in  this  case  test  specimens  may 
be  buried  in  damp  sand  without  removal  of  the  mold,  thus  permitting  ship- 
ping of  the  test  specimens  in  the  molds. 

"8.  Storage  of  Specimens. — a.  The  test  specimens  shall  remain  buried 
in  damp  sand  until  10  days  prior  to  date  of  test.     They  shall  then  be  well 
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packed  in  damp  sand  or  wet  shavings  and  shipped  tQ  the  testing  laboratory, 
where  they  shall  be  stored  either  in  a  moist  room  or  in  damp  sand  until  the 
date  of  test. 

"b.  Should  a  7-day  test  be  required,  the  test  specimens  shall  remain  at 
the  works  as  long  as  possible  to  harden  and  then  shall  be  shipped  so  as  tc 
arrive    at  the  laboratory  in  time  to  make  the  test  on  the  required  date." 

TENTATIVE  METHOD  OF  TEST  FOR  CONSISTENCY  OF  PORTLAND- 
CEMENT    CONCRETE.     SERIAL    DESIGNATION:    D138-25T 

"This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting 
criticism  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its 
adoption  as  Standard  it  is  subject  to  revision.  Issued,  1922,  American 
Society  for  Testing  Materials. 

"1.  Scope. — This  test  covers  the  method  to  be  used  both  in  the  laboratory 
and  in  the  field  for  determining  consistency  of  concrete1  to  be  used  for  con- 
crete pavements  or  for  concrete  base  for  pavements. 

"2.  Apparatus. — The  test  specimen  shall  be  formed  in  a  mold  of  No.  16 
gage  galvanized  metal  in  the  form  of  the  lateral  surface  of  the  frustrum  of  a 
cone  with  the  base  8"  in  diameter,  the  upper  surface  4"  in  diameter,  and 
the  altitude  12".  The  base  and  the  top  shall  be  open  and  parallel  to  each 
other  and  at  right  angles  to  the  axis  of  the  cone.  The  mold  shall  be  pro- 
vided with  foot  pieces  and  handles  as  shown  in  accompanying  figure. 

"3.  Sample. — When  the  test  is  made  at  the  mixer,  the  sample  shall  be 
taken  from  the  pile  of  concrete  immediately  after  the  entire  batch  has  been 
discharged.  When  testing  concrete  that  has  been  hauled  from  a  central 
mixing  plant,  the  sample  shall  be  taken  from  the  concrete  immediately  after 
it  has  been  dumped  on  the  subgrade. 

"4.  Procedure. — The  mold  shall  be  placed  on  a  flat,  non-absorbent  sur- 
face, such  as  a  smooth  plank  or  a  slab  of  concrete,  and  the  operator  shall  hold 
the  form  firmly  in  place,  while  it  is  being  filled,  by  standing  on  the  foot 
pieces.  The  mold  shall  be  filled  to  about  one-fourth  of  its  height  with  the 
concrete,  which  shall  then  be  puddled,  using  20  to  30  strokes  of  a  W  rod 
pointed  at  the  lower  end.  The  filling  shall  be  completed  in  successive  layers 
similar  to  the  first  and  the  top  struck  off  so  that  the  mold  is  exactly  filled. 
The  mold  shall  then  be  removed  by  being  raised  vertically,  immediately  after 
being  filled.  The  molded  concrete  shall  then  be  allowed  to  subside  until 
quiescent  and  the  height  of  the  specimen  measured. 

"5.  Slump. — The  consistency  shall  be  recorded  in  terms  of  inches  of  sub- 
sidence of  the  specimen  during  the  test,  which  shall  be  known  as  the  slump. 
Slump  =  12  —  inches  of  height  after  subsidence." 

Test  for  Clay  in  Sand  Clay,  Topsoil,  and  Semigravel.— Dry 
500  g.  of  the  material  at  a  temperature  below  35o°F.  (i76.6°C.) 
to  a  constant  weight.  Gently  pulverize  to  break  down  soft  clods 
or  masses,  but  not  to  grind  or  break  hard  material.  Pass  through 
a  10-mesh  sieve,  weigh  the  coarse  residue,  and  record  as  "coarse 
material."  Use  the  material  passing  through  the  10-mesh  sieve 
as  the  starting  point  of  a  percentage  analysis  as  follows: 

Weigh  out  two  samples  of  50  g.  of  this  material  for  duplicate 
analysis.  Place  each  in  a  tared  wide-mouth  bottle  (5-  to  6-cm. 
diameter  and  about  12  to  15  cm.  high).  Add  about  5  cc.  of  dilute 
ammonia  water  and  about  200  cc.  of  water.  Close  with  a  cork  or 
glass  stopper  and  shake  thoroughly  for  20  min.  Allow  the  sample 
to  settle  8  min.  and  decant  carefully  or  siphon  off  the  supernatant 
liquid  to  a  depth  of  8  cm.  below  the  surface  of  the  liquid.  (The 
depth  of  the  liquid  in  the  bottle  should  be  sufficient  to  leave  about 
4  cm.  below  the  point  of  siphoning.)  Fill  the  bottle  again  with 
water,  shake  for  3  min.,  allow  settlement,  and  siphon  off  as  before. 

1  This  test  is  not  considered  applicable  when  there  is  a  considerable  amount 
of  coarse  aggregate  over  2"  in  size  in  the  concrete.  The  committee  is  now 
working  on  a  method  suitable  for  determining  the  consistency  of  concrete 
using  aggregate  over  2"  in  size. 
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Repeat  the  process  until  the  supernatant  liquid  is  clear.  Be  care- 
ful to  wash  the  stopper  and  neck  of  the  bottle  free  from  coarse 
material  before  decanting. 

Dry  bottle  and  washed  material  to  constant  weight  at  between 
ioo°C.  (2i2°F.)  and  no°C.  (23o0F.),  weigh  and  determine  net 
weight  of  washed  material. 

Original  weight  —  washed  weight  .  .  ,  ,   ., 

„  .  . — ; :— ri —  X  100  =  per  cent  clay  and  silt. 

Original  weight 

As  a  check  the  washings  drawn  off  shall  be  collected  and  evap- 
orated to  dryness  for  direct  recovery  of  the  fine  sediment  classed 
as  clay  and  silt. 

Weight  of  residue  VJ  .    , 

■  _  :  . — : .  .  ^    X  100  =  per  cent  clay. 

Original  weight 

The  determinations  on  the  two  samples  shall  check  within  1% 
to  be  acceptable. 

Tests  for  Semigravel,  Topsoil  and  Sand  Clay. — Wash  the 
contents  of  the  bottle  cleanly  into  a  porcelain  evaporating  dish  and 
carry  to  dryness  on  a  water  bath.  The  dried  residue  should  be 
carefully  scraped  from  the  dish  and  passed  through  a  nest  of  20-, 
60-,  100-,  and  200-mesh  sieves.  The  residue  retained  on  each  sieve 
is  weighed  and  recorded  as  sand  of  the  respective  sizes.  Their 
sum  constitutes  the  total  "sand."  The  residue  passing  the  200- 
mesh  sieve  and  caught  in  the  pan  is  weighed  and  recorded  as  "silt." 
Duplicate  samples  should  check  within  1%. 

a.  The  coarse  material  should  be  examined  for  hardness  and  with 
the  magnifying  glass  to  identify  its  character  as  quartz,  hard-iron 
compounds,  feldspar,  schistose  material,  or  indurated  clay.  Hard 
quartz  or  iron  gravels  are  valuable  in  themselves  and  as  indicating 
the  quality  of  the  finer  aggregate.  Feldspar,  mica,  and  clay 
nodules  are  worthless  and  indicate  that  the  accompanying  soil  is 
poor  for  road  building. 

b.  The  sands  should  be  examined  with  the  magnifying  glass  for 
identification  as  quartz  and  for  the  presence  of  mica  scales  or  feld- 
spar needles.  If  mica  or  feldspar  is  present  in  appreciable  amounts 
the  sample  should  be  rejected. 

c.  When  the  clay  is  recovered  by  evaporation,  it  can  be  examined 
for  tenacity  by  cementing  together  two  glass  plates,  each  1"  wide, 
?et  at  right  angles,  with  a  layer  of  clay  whose  thickness  is  fixed  by 

fine  bent  wire  laid  between  the  plates.  The  moist  clay  covers 
the  wire  on  one  plate,  and  the  other  plate  is  squeezed  down  tightly 
Dn  the  wire.  After  drying,  the  one  plate  held  firmly  against  cleats, 
wire  slings  are  run  symmetrically  from  the  ends  of  the  upper  plate 
to  one  arm  of  a  beam  balance,  and  the  tension  necessary  to  separate 
the  plates  is  given  by  shot  or  weights  in  the  other  pan  of  the  balance. 
This  test  is  tedious  and  is  of  service  chiefly  on  low-grade  samples 
which  are  of  doubtful  efficiency,  but  which  represent  the  only  avail- 
ible  material  for  local  construction. 

d.  Approximate  test  for  tenacity  of  mixture  can  be  made  as  follows: 
Make  cylinders  from  the  material  passing  the  10-mesh  sieve, 

25  mm.  The  material  is  worked  into  a  stiff  mud  and  molded  under 
[32  kg.  per  square  centimeter  pressure.  Dry  thoroughly  at  ioo°C. 
2i2°F.)  and  break  by  the  small  Page  impact  machine  for  testing 
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cementing  value,  using  a  i-kg.  hammer  and  i-cm.  drop.     Record  the 
number  of  strokes  as  the  relative  measure  of  tenacity. 

Usually  the  plastic  character  and  adhesiveness  of  a  good  road  soil 
can  be  judged  by  the  feeling  of  the  mud  made  from  this  material, 
its  adherence  to  the  hands,  and  its  strength  under  light  pulling. 


PART  II 

DETAIL  DATA  FOR  SURVEYS-DESIGN  AND 
CONSTRUCTION 

Introduction. — Part  II  takes  up  a  discussion  of  detail  methods  of 
survey,  design,  estimating,  and  construction.  The  essential  general 
attitude  in  regard  to  detail  methods  which  must  be  continually  borne 
in  mind  and  impressed  on  the  engineering  force  can  be  briefly 
summarized  as  follows: 

The  survey  work  must  be  accurate  and  complete,  as  it  provides 
the  fundamental  information  for  the  design  and  the  accurate  esti- 
mate and  measurement  of  quantities.  Satisfactory  survey  work 
will  range  in  cost  from  $100  to  $400!  per  mile  and  any  effort  to 
cut  cost  below  that  required  for  excellent  work  is  very  short-sighted 
policy.  Careless  work  is  often  done  in  order  to  cut  the  apparent  cost 
of  engineering,  but  it  generally  adds  to  the  final  total  cost  and  is 
unsatisfactory  to  both  engineers  and  contractors. 

Effective  design  is  based  on  the  principle  of  the  preparation  of 
alternate  comparative  designs  in  order  to  pick  the  most  suitable  or 
economical  solution.  By  the  use  of  this  method  of  alternate  designs 
a  good  engineer  will  reduce  construction  costs  at  least  10  to  20- 
%  below  that  obtained  by  the  usual  stereotyped  application  of 
standards  with  little  thought  to  the  local  problem.  First-class 
office  design  costs  from  $150  to  $400  per  mile  and  any  effort  to  cut 
this  cost  below  the  amount  required  for  thorough  design  is  poor 
economy,  as  the  authors  know  from  an  experience  of  over  20  years. 
Small  bridge  surveys  and  design  will  cost  from  ^3  to  2%  of  the  cost 
of  the  structure  for  careful  and  economical  design. 

Estimates  of  quantities  should  be  liberal  in  order  to  avoid  the 
necessity  of  supplementary  agreements  during  the  progress  of 
construction,  but  in  order  not  to  mislead  the  contractor  in  making 
his  bid  it  is  necessary  for  the  estimates  to  show  the  probable  mini- 
mum amount  for  each  item,  with  a  statement  of  the  amount  allowed 
for  contingencies  (see  pp.  ion  and  1088).  Cost  estimates  should  be 
fairly  liberal.  They  should  never  be  below  an  amount  which  will 
insure  reasonable  profit  with  ordinary  favorable  luck.  This  matter 
of  cost  is  very  important,  as  a  poor  contract  price  is  almost  certain 
to  result  in  inferior  work,  even  with  good  inspection  control. 

The  essential  of  construction  inspection  is  insistence  on  good 
quality  of  work  without  needless  interference  with  the  contractor's 
choice  of  methods.  Construction  practice  is  the  most  essential  part 
of  successful  highway  programs  and  is  generally  the  poorest  man- 
aged part  of  the  engineering  program.     This  is  largely  due  to 

1  Average  cost  of  surveys  and  plans  for  Kentucky  state  roads  in  1923  was 
$287  per  mile. 
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the  policy  of  low  pay  for  field  engineers  and  inspectors.  Under 
this  general  policy  it  is  impossible  to  get  high-grade  men  who  will 
give  the  work  their  entire  undivided  attention.  Low-grade  men 
are  no  match  for  high-grade  contractors  or  even  well-paid  foremen, 
and  the  results  are  often  not  very  creditable  to  the  inspection  force. 
Effective  supervision  of  construction  costs  from  $600  to  $1000  per 
mile  and  any  effort  to  cut  cost  on  the  score  of  engineering  pay-roll 
economy  is  political  bunkum  and  very  poor  economic  policy. 
Lack  of  thoroughness  and  care  is  a  common  trait  which  often 
shows  in  extreme  form  in  public  works  programs.  It  is  most  cer- 
tainly desirable  to  combat  this  tendency,  which  is  very  well  illus- 
trated by  the  anecdote  of  the  American  tourist  in  Spain,  who  on 
hearing  that  it  had  taken  500  years  to  build  a  famous  cathedral 
remarked,  "Well  in  God's  country  where  I  come  from  we  could  build 
one  of  those  things  and  have  it  fall  down  on  us  all  inside  of  5  years." 


CHAPTER  XII 
PRELIMINARY  INVESTIGATIONS 

Introduction. — The  object  of  all  preliminary  investigations  for 
any  type  of  engineering  improvement  is  to  secure  basic  data  on 
which  a  reasonable  program  or  detailed  design  can  be  worked  out. 

Preliminary  investigations  are  the  most  important  part  of  the 
engineering  program,  as  they  set  the  broad  general  plan.  They 
should  be  thoroughly  done  by  the  most  experienced  engineers 
available,  whose  judgment  has  been  developed  by  extended  experi- 
ence with  the  general  conditions  to  be  met.  Too  often  this  part  of 
the  engineering  program  is  carelessly  done  due  to  hesitation  in 
spending  money  before  a  project  is  assumed,  but  this  policy  is 
very  short  sighted,  as  it  often  results  in  excessive  expenditure  for 
detailed  surveys  of  alternate  routes  and  for  irrational  pavement 
and  bridge  designs. 

Cost  of  Preliminary  Investigations. — The  cost  of  first-class  inves- 
tigations of  this  kind  ranges  from  $5  to  $80  per  mile,  depending  on 
the  country  to  be  traversed.  A  cost  of  $5  to  $15  per  mile  is  a  fair 
average  for  long  mountain  road  projects  similar  in  character  to 
the  road  work  done  by  the  U.  S.  Office  of  Public  Roads  in  the 
West,  and  a  cost  of  $10  to  $20  per  mile  for  high-type  road  reports 
in  the  eastern  states.  Reconnaissance  location  surveys  in  heavily 
timbered  pioneer  territory  may  cost  as  high  as  $50  to  $70  per  mile. 

The  field  work  and  reports  deal  with  the  following  main  features: 

1.  Probable  traffic. 

2.  General  location. 

3.  Construction  materials. 

4.  Special  problems. 

5.  Cost  estimate  of  alternate  types. 

6.  Report. 

HIGH-TYPE  ROAD  INVESTIGATIONS  IN  WELL-SETTLED 

DISTRICTS 

The  improvement  generally  consists  of  betterments  to  an  existing 
road,  the  location  of  which  is  in  most  cases  fixed  by  existing  rights 
of  way  except  for  short  relocations.  The  choice  of  which  road  to 
improve  is  made  by  local  boards  or  the  State  Highway  Commis- 
sioner so  that  when  the  problem  reaches  the  field  engineer  his  work 
is  usually  confined  to  a  definite  report  on  a  definite  road,  although 
in  some  cases  where  there  is  a  dispute  as  to  the  relative  merits  of 
alternate  routes  it  is  necessary  to  investigate  two  or  more  possible 
routes. 
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i.  Probable  Traffic. — The  probable  present  and  future  traffic 
governs  reasonable  recommendations  as  to  alignment,  grade  and 
type  and  width  of  pavement.  For  principles  and  methods  of 
estimating  traffic,  present  and  future  see  pages  28  to  33;  for 
reasonable  type  and  width  of  payment,  pages  6  to  9;  for  reasonable 
alignment,  pages  113  to  121;  for  maximum  grades,  pages  74  to  113; 
for  roadway  section,  pages  122  to  179;  and  for  maximum  allowable 
expenditure,  pages  1  to  16. 

2.  General  Location. — The  principles  of  relocation  are  detailed 
in  pages  74  to  83. 

3.  Construction  Materials  (Field  Work). — The  investigation  for 
local  material  is  very  important.  Careless  work  in  this  particular 
results  in  specifying  impracticable  or  needlessly  expensive  sources 
of  supply  for  materials  and  often  in  the  selection  of  an  unreasonable 
type  of  construction.  A  careless  estimate  of  the  quantity  of 
available  local  material  also  causes  trouble  during  construction 
by  a  shortage  in  supply. 

It  is  important  not  only  to  determine  the  amount  of  local  material 
but  also  its  character,  as,  for  example,  a  local  gravel  may  be  suit- 
able for  a  first-class  bottom  for  macadam  construction  but  not 
suitable  for  a  concrete  pavement,  or  it  may  be  suitable  for  a  con- 
crete paving  base  but  not  for  a  concrete  road  taking  the  traffic 
directly.  A  local  hard  sandstone  may  be  suitable  when  bound  with 
bitumen  and  would  not  act  well  if  water  bound  with  its  own  screen- 
ings, etc.  The  necessary  properties  of  stones,  gravels,  sands,  etc., 
are  given  in  the  chapter  on  Materials,  and  in  Specifications. 

Any  preliminary  report  should  cover  the  sources  of  supply  and 
approximate  cost  at  pit  or  switch  of  the  following  materials: 

Gravels,  suitable  for: 
Bottom  courses 
Top  courses 
Structural  concrete 
First-class  concrete  pavement 
Concrete  paving  base 
Subbase  filler. 

Stone,  slag,  etc.,  suitable  for: 
Subbase 
Bottom  course 
Water-bound  macadam  top 
Bituminous  macadam  pavement 
First-class  concrete  pavement 
Concrete  paving  base 
Structural  concrete. 

Sand  suitable  for: 

Bottom-course  filler 

Cushion  sand 

Structural  concrete  sand 

First-class  concrete  paving  sand 

Fine  and  coarse  sand  for  sheet  asphalt. 
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Miscellaneous: 

Bitumens 

Tars 

Paving  brick 

Stone  block 

Asphalt  block 

Wood  block 

Stone  or  brick  cubes. 
Water  supply,  location  and  quality. 

A  convenient  method  of  recording  the  location  of  materials  is 
s  follows: 


S+ofie  Es+. 


/.  &ep.  Barber  IQOOcu.yds.  Fence 
Bouiaers  ?Q  %  Oram  te  '4Q  %  Sandstone 
/o% Limestone   3Q%  Soft  Rock        , 
SO'*  of  the  Granite  must  be  Blasted 
or  Sledged 

2.  Patrick  Donlin    2SOO  cu  yds,  same 
as  above 


3-  Mike  O'Donnell  SOO cu  yds- 


u  yc 

Large  Granite  Boulders'  75%  must 
be  Blasted 


*t-.  C/d  Limestone  Quarry   2Q1 face 

Samples  taken:  look.1;  good  for  Top  Stcne 


Fig.  258. 


Unloading  Points  for  Freight. — Provided  U.  S.  geological  maps 
re  obtainable,  the  position  of  sidings  may  be  marked  on  the  sheets, 
"he  notes  for  each  siding  show  its  car  capacity,  whether  or  not  an 
levator  plant  can  be  erected,  and,  if  hand  unloading  is  necessary, 
whether  teams  can  approach  from  one  side  or  two.  They  should 
Iso  show  any  coal  trestle  that  can  be  utilized  in  unloading  and  the 
>cation  and  probable  cost  of  any  new  sidings  that  will  materially 
jduce  the  length  of  the  haul.  Canal  or  river  unloading  points 
re  shown  in  the  same  manner. 

Sand,  Gravel,  and  Filler  Material. — The  position  of  sand  and  gravel 
its  and  filler  material  are  noted  with  their  cost  at  the  pit;  if  no 
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local  material  is  available,  the  cost,  f.o.b.  at  the  nearest  siding,  j 
given.     Samples  are  taken  and  tests  made. 

Stone  Supply. — Provided  imported  stone  is  to  be  used,  the  wor 
is  simplified  to  determining  the  rate,  f.o.b.,  to  the  various  siding 
for  the  product  of  the  nearest  commercial  stone-crushing  plant  tha 
produces  a  proper  grade  of  stone. 

In  case  local  stone  is  available,  the  location  of  quarries  or  outcrop 
is  shown,  the  amount  of  stripping,  if  any,  and  the  cost  of  quarr 
rights.  If  the  estimate  will  depend  upon  rock  owned  by  a  singl 
person,  an  option  is  obtained  to  prevent  an  exorbitant  raise  in  price 

In  case  of  field  or  fence  stone,  a  careful  estimate  is  made  of  th 
number  of  yards  of  boulder  stone  available,  the  owners'  name: 
what  they  will  charge  for  it,  the  position  of  the  fences  or  pile 
relative  to  the  road,  or  side  roads,  and,  if  the  fences  are  not  abut 
ting  on  a  road  or  lane,  the  length  of  haul  through  fields  to  the  neares 
road  or  lane.  As  fences  are  usually  a  mixture  of  different  kind 
of  rock,  the  engineer  estimates  the  percentage  of  granite,  limestone 
sandstone,  etc.,  and  the  percentage  that  will  have  to  be  blasted  c 
sledged  in  order  to  be  crushed  by  an  ordinary  portable  crushe: 
The  amount  of  field  stone  required  per  cubic  yard  of  macadam  i 
given  in  estimates  (p.  1172).  If  there  is  a  large  excess  of  stone, 
careful  estimate  need  not  be  made,  only  enough  data  being  ax 
lected  to  determine  the  probable  position  of  the  crusher  set-up 
and  the  average  haul  to  each  set-up.  If  a  sufficient  supply  i 
doubtful,  a  close  estimate  is  made  as  outlined  above,  and  optior 
obtained  from  the  various  owners. 

Samples  of  the  different  rocks  are  tested  (see  Materials). 

Simple  field  tests  can  be  made,  but  if  the  department  has  a  testin 
laboratory  it  is  better  to  take  samples  and  have  a  careful  test  mad 
and  recorded.  As  these  tests  are  made,  the  location  of  the  samp] 
and  result  of  the  tests  are  recorded  on  a  large  map  of  the  distric" 
which  in  the  course  of  a  few  years  shows  at  a  glance  the  differen 
sources  of  supply  of  acceptable  materials  for  the  entire  count 
or  state  and  saves  future  duplication  of  work  for  reconstructior 
maintenance,  and  adjacent  improvements. 

The  method  of  sampling  and  the  amounts  of  material  require 
for  a  good  test  are  quoted  below  from  the  New  York  State  Instruc 
tions  for  Sampling  Materials. 

"Sampling. — Amounts  of  material  required  for  laboratory  tests  are  a 
follows: 

"Samples  of  material  will  be  taken  by  a  duly  authorized  employee  of  th 
department,  in  its  place  of  occurrence  or  manufacture  or  delivery  by  carrier 
These  samples  must  be  taken  from  different  parts  of  the  lot  of  material  to  b 
tested,  so  as  to  be  fairly  representative,  and  must  be  unmixed  with  foreig 
substances  and  placed  in  clean  and  safe  receptacles;  and  they  must  conforr 
in  all  respects  to  the  requirements  given  under  the  special  headings.  The 
must  be  carefully  and  securely  packed,  enclosing  notification  slip  properl 
protected  from  wear  and  injury,  and  sent  express  "collect"  to  the  Bureau  c 
Tests,  State  Highway  Commission,  Albany,  N.  Y.,  a  postal  card  notice  bein 
mailed  at  the  same  time.  Envelopes,  scoops,  cans,  thermometers,  etc.  fo 
use  in  taking  the  samples  may  be  had  from  the  Bureau  of  Finance  and  Audi 
at  Albany. 

"In  the  case  of  materials  sampled  at  the  place  of  manufacture,  checl 
samples  may  be  required;  these  are  to  be  taken  and  treated  the  same  a 
ordinary  samples,  except  that  the  packages  must  be  marked  Check  Samples 
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and  the  use  of  the  material  need  not  be  prohibited  pending  tne  results  of 
the  check  tests. 

"Sand  and  Gravel.— -The  character  of  the  supply,  whether  from  stream 
bed,  bank,  crusher  bins,  etc.,  is  to  be  stated;  also  the  use  for  which  it  is 
ntended,  whether  for  concrete  foundations  or  other  structures,  binder  for 
tvater-bound  macadam,  filler  or  wearing  carpet  or  blotter  for  bituminous 
macadam,  or  for  aggregate  in  water-bound  or  bituminous  macadam,  etc. 

"Material  which  will  all  pass  through  a  ^i"  screen  will  be  considered 
sand.  Each  sample  of  sand  or  screenings  shall  be  %  cu.  ft.  in  volume;  of 
jravel,  iH  cu.  ft. 

"A  small  sample  shall  be  taken  from  each  test  sample  sent,  and  be  kept 
jn  the  contract  as  a  measure  of  the  quality  of  material. 

"Each  sample  is  to  be  shipped  in  a  tight  box  or  in  a  clean,  closely  woven 
aag  from  which  there  will  be  no  leakage;  the  usual  identification  slip  is  to 
De  enclosed.  In  numbering  samples,  sand  and  gravel  are  to  be  treated  as 
jne  material,  not  as  two. 

_  "Notification  of  acceptance  or  rejection  may  be  expected  to  arrive  at  the 
iivision  office  20  days  after  the  submission  of  the  samples  and  data,  provided 
;he  need  of  a  retest  does  not  cause  delay. 

"Cement. — One  sample  is  to  be  taken  from  at  least  every  10  bbl.  or  every 
jo  bags,  care  being  taken  properly  to  distribute  the  sampling  over  the  lot. 
3ach  sample  shall  be  not  less  than  27  cu.  in.  in  volume,  or  enough  to  fill  a 
\"  cube.  Whenever  possible,  samples  should  be  forwarded  in  envelopes 
urnished  by  the  Commission  for  that  purpose,  the  envelopes  being  filled  to 
;he  line  marked  thereon. 

"The  individual  samples  are  not  to  be  numbered,  but  each  group  or  lot  of 
:hese  samples  representing  a  single  boatload  or  carload  is  to  be  given  a  lot 
lumber,  and  these  lot  numbers  are  to  run  consecutively.  Not  more  than 
)ne  boatload  or  carload  is  to  be  represented  by  one  lot  number. 

"Receipt  of  notification  of  acceptance  or  rejection  of  cement  sampled  at 
iestination  may  be  expected  to  arrive  at  the  division  engineer's  office  12  days 
ifter  the  submission  of  the  samples  and  data.  If  cement  is  held  for  28-day 
ests  the  division  engineer  will  be  notified  accordingly. 

"Concrete. — The  concrete  on  each  highway  must  be  sampled  for  testing, 
;he  samples  being  taken  at  random  from  the  batches  used  and  being  molded 
it  the  place  and  time  of  mixing.  The  work  need  not  be  delayed  pending 
;he  results  of  the  tests. 

"Each  sample  shall  be  a  pair  of  cubes  measuring  6"  on  the  edge,  or  of 
ylinders  8"  in  diameter  and  16"  long;  the  sample  is  to  be  made  in  such  man- 
ler  as  fairly  to  represent  the  concrete  going  into  the  structure.  At  least  one 
sample  is  to  be  taken,  and  as  many  more  as  seem  to  be  required  by  changes 
n  the  character  of  any  ingredient  or  by  any  other  consideration. 

"In  concrete  pavement  work  (whether  foundation  or  top  course)  one  pair 
}f  cubes  or  cylinders  should  be  sent  for  every  500  cu.  yd.  Not  less  than  two 
pairs  are  to  be  sent,  however  small  the  pavement. 

"The  sample  must  remain  in  the  mold  2  days,  then  be  buried  in  clean 
sand  to  age  under  the  same  conditions  as  the  material  in  the  structure. 
On  the  tweiity-first  day  the  samples  shall  be  taken  out  and  shipped. 

"Each  sample  is  to  have  its  number  painted  on  each  piece,  and  is  to  be 
shipped  in  a  box,  properly  protected  from  breakage  and  surface  chipping, 
accompanied  by  the  usual  included  identification  and  the  postal  notification. 
Especially  must  the  class  of  concrete,  the  purpose  for  which  it  is  used  (kind 
Df  structure  and  portion),  and  the  date  and  time  of  day  when  sample  was 
mixed  be  stated. 

"Bituminous  Material. — When  material  is  shipped  in  barrels,  one  sample 
s  to  be  taken  for  every  20  or  25  bbl.,  the  sampling  being  properly  dis- 
tributed over  the  lot. 

"When  material  is  shipped  in  tank  cars  one  sample  is  to  be  taken  from 
very  2000  or  2500  gal.,  the  samples  being  taken  from  equally  distributed 
levels  in  the  car. 

"When  material  bitumen  is  shipped  in  loose  bulk,  one  sample  is  to  be 
taken  for  every  5  or  6  tons,  the  samples  being  taken  from  different  levels  and 
different  locations  in  the  lot  and  never  from  the  surface  of  the  material. 

"Each  sample  shall  be  not  less  than  14  cu.  in.  in  volume,  which  volume  is 
slightly  less  than  }■£  pt.  or  about  the  size  of  a  i-lb.  paint  can. 

"It  should  be  remembered  that  the  bituminous  material  will  flow  at 
summer  temperature  or  thereabouts,  and  consequently  great  care  should  be 
jsed  in  sealing  cans  and  doing  up  packages.  Whenever  possible,  samples 
should  be  forwarded  in  cans  furnished  by  the  Commission  for  that  purpose. 
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"The  individual  samples  are  not  to  be  numbered,  but  each  group  or  lol 
representing  a  single  boatload  or  carload  is  to  be  given  a  lot  number,  anc 
these  lot  numbers  are  to  run  consecutively;  not  more  than  one  boatload  03 
carload  of  material  is  to  be  represented  by  one  lot  number. 

"In  order  to  check  the  weighing  and  marking  of  bituminous  materia 
shipped  in  barrels,  one  unopened  barrel  out  of  every  carload  of  approxi 
mately  65  bbl.,  or  a  proportionate  number  of  barrels  for  each  boatload,  is  tc 
be  selected  at  random  and  weighed.  The  gross  weight  found,  and  the  gros 
weight  marked  on  the  barrel,  are  to  be  entered  on  the  Monthly  Bituminou 
Material  Reports  or  the  information  may  be  recorded  elsewhere  and  sub 
mitted  to  the  Bureau  of  Tests.  Any  noticeable  difference  between  thi 
gallonage  marked  on  a  barrel  and  the  gallonage  found  therein  must  b 
reported  to  the  Headquarters  office  at  Albany. 

"The  unit  of  measure  for  bituminous  material  is  the  gallon  measured  a 
the  temperature  of  60 °F.  If  the  volume  of  material  is  measured  when  hot 
allowance  should  be  made  for  expansion  according  to  the  following  table 
whichwill  apply  approximately  to  all  of  the  different  classes  of  bituminou 
material  at  present  used  on  the  state  highways: 

"Increase  in  volume  of  various  classes  of  bituminous  material  whei 
heated  from  6o°F. 

To  400°F.  is  approximately  12  % 
To  350°F.  is  approximately  10  % 
To  300 °F.  is  approximately  8  % 
To  250°F.  is  approximately  6  % 
To  200°F.  is  approximately  4  % 
To  i50°F.  is  approximately    2  % 

"Stone. — Rotten  or  partially  disintegrated  stone,  or  weathered  specimen 
from  the  surface  of  a  quarry  or  ledge,  are  not  to  be  submitted. 

"Samples  of  quarry  or  ledge  stone  must  be  representative  of  the  sounc 
fresh,  interior  stone  of  the  ledge  or  quarry.  Such  samples  may  be  secure 
either  by  blasting  or  by  breaking  up  with  the  sledge.  If  all  material  is  ( 
the  same  variety,  texture,  etc.,  one  sample  will  suffice.  If,  however,  thei 
are  different  varieties,  separate  samples  are  to  be  taken  of  each  and  repo? 
made  as  to  the  extent,  giving  details  as  to  location  and  position  for  use. 

"All  field  stone,  whether  in  walls,  piles,  or  scattered  over  the  grount 
which  might  be  used  must  be  examined  and  a  representative  sample  takei 
When  two  or  more  varieties  of  great  difference  in  quality  or  texture  at 
observed  to  exist,  separate  samples  are  to  be  taken  of  each,  and  report  mac 
as  to  the  percentage  of  each  kind,  the  amount  of  small  stone  which  might  ru 
through  the  crusher  without  action,  and  the  percentage  of  disintegrated  c 
badly  weathered  rock  present. 

"In  taking  samples  from  the  output  of  crushers,  IS  lb.  of  crushed  materi; 
not  smaller  than  i%"  in  size  shall  be  taken,  and  also  one  piece  at  lea: 
3  by  4  by  5"  shall  be  procured  from  the  source  of  supply. 

"Each  sample  shall  weigh  not  less  than  25  nor  more  than  35  lb.  If  tr 
entire  sample  submitted  is  a  single  piece  of  stone,  it  should  be  remembere 
that  a  piece  about  the  size  of  a  man's  head  will  weigh  25  or  30  lb.  While  nc 
less  than  25  lb.  are  absolutely  necessary  in  each  sample,  care  should  be  take 
to  see  that  the  samples  do  not  weigh  over  35  lb.  One  piece  of  each  samp 
shall  be  at  least  3  by  4  by  5''. 

"Each  sample  is  to  be  given  a  number  running  consecutively  in  eac 
division.  This  number  must  contain  both  the  division  number  and  tr 
sample  number;  thus,  sample  42  from  division  1  would  be  marked  1—4: 
Paint  or  Higgins'  drawing  ink  may  be  used  to  mark  directly  on  the  sampl 
or  a  label  or  tag  may  be  securely  fastened  thereto. 

"Samples  may  be  shipped  in  boxes,  burlap,  grain  bags,  cement  bag 
etc.  It  is  preferred  that  stone  be  shipped  in  a  strong  bag  or  in  a  double  ba 
which  may  be  formed  by  placing  one  bag  inside  of  another.  If  shippin 
in  a  single  bag  which  the  sample  only  partially  fills,  the  bag  should  be  securel 
tied  just  above  the  sample  and  the  remaining  unfilled  part  of  the  bag  folde 
back  so  as  completely  to  envelop  the  stone  and  the  portion  of  the  ba 
containing  it;  this  folded-back  part  should  then  be  securely  tied  on  the  oth« 
side  of  the  sample;  this  makes  a  tying  of  the  bag  on  two  sides  of  the  stone  an 
permits  two  thicknesses  of  the  bag  to  surround  the  stone  completely,  and 
securely  tied  is  as  satisfactory  as  a  double  bag. 

"Receipt  of  notification  of  acceptance  or  rejection  of  stone  may  be  expecte 
to  arrive  at  the  division  engineer's  office  12  days  after  the  submission  of  th 
samples  and  data,  provided  acceptance  or  rejection  is  not  deferred  awaitin 
a  retest. 


SAMPLING  MATERIALS 


755 


"The  location  of  source  of  supply  is  to  be  expressed  by  an  index  number 
according  to  the  system  used  in  the  government  office  at  Washington,  which 
s,  that  each  quadrangle  of  the  U.  S.  Geological  Survey  sheet  is  divided  into 
line  sections  numbered  from  i  to  9,  inclusive,  as  shown  in  the  following  plan: 


12  3 

4  5  6 

T  8  9 


Fig.  259. 


"The  north  and  south  sides  of  each  section  are  then  divided  into  22  spaces 
esignated  from  A  to  V  and  the  east  and  west  sides  into  32,  so  that  the 
jcation  of  the  stone  may  be  closely  defined,  as,  for  example,  Quadrangle 
lbany,  Section  7,  Letter  J,  Number  13,  which  when  abbreviated  would 
aad  'Albany-7-J-i3.' 

"Paving  Brick. — A  sufficient  number  of  samples  in  every  case  is  to  be 
aken  to  insure  the  use  of  brick  of  proper  quality,  but  it  should  also  be  borne 
1  mind  that  the  charges  for  transportation  and  testing  of  brick  are  high,  and 
nly  the  smallest  number  of  samples  necessary  for  the  purpose  should  be 
abmitted.  At  least  one  sample  is  to  be  taken  from  every  200,000  brick  or 
ss.      Each  sample  shall  consist  of  30  bricks. 

"If  in  a  shipment  or  several  shipments  of  the  same  make  and  kind  of  brick 
lere  appear  to  be  different  classes  of  brick — such  as  brick  of  different  degrees 
f  burning,  for  example — a  full  sample  of  each  class  is  to  be  taken. 

"Each  brick  selected  for  the  sample  is  to  be  free  from  cracks  or  other 
efects  which  would  prevent  its  passing  inspection  at  the  road,  for  the 
ample  must  represent  bricks  which  will  not  be  culled  out.  Especially  is  it 
>rbidden  that  any  person  financially  interested  in  the  manufacture  or  use  of 
rick  be  present  when  samples  are  taken. 

I  Each  sample  (consisting  of  30  bricks)  shall  receive  a  number,  the  num- 
ers  to  run  consecutively  for  each  road. 

"The  sample  shall  be  shipped  in  wooden  boxes,  not  more  than  10  or  12 
ricks  being  put  in  one  box  on  account  of  weight  and  strength  of  package. 

"Notification  of  acceptance  or  rejection  of  brick  sampled  at  destination 
lay  be  expected  to  arrive  at  the  division  engineer's  office  9  days  after  the 
lbmission  of  samples  and  data,  providing  the  need  of  a  retest  does  not 
luse  delay. 

"Asphalt  Block. — A  sufficient  number  .of  samples  in  every  case  is  to  be 
|ken  to  insure  the  use  of  block  of  proper  quality,  but  it  should  also  be  borne 
l  mind  that  transportation  and  testing  costs  are  high,  and  only  the  smallest 
timber  of  samples  necessary  should  be  submitted.  At  least  one  sample  is 
9  be  taken  from  every  100,000  blocks  or  less.  Each  sample  shall  con- 
st of  two  blocks. 

I  "If  in  a  shipment  or  several  shipments  of  the  same  make  and  kind  of  block 
Tiere  appear  to  be  different  classes  of  block,  a  full  sample  of  each  class  is  to 
;  taken. 

"Each  block  selected  for  the  sample  is  to  be  free  from  every  defect  that 
puld  prevent  its  passing  inspection  at  the  road,  for  the  sample  must  repre- 

nt  blocks  which  will  not  be  culled  out. 
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"Each  sample  (consisting  of  two  blocks)  shall  receive  a  number,  the  num- 
bers to  run  consecutively  for  each  road. 

"The  sample  shall  be  shipped  in  a  wooden  box,  with  usual  identification 
card  and  postal  notice. 

"Notification  of  acceptance  or  rejection  of  block  sampled  at  destination 
may  be  expected  to  reach  the  division  engineer's  office  14  days  after  sub- 
mission of  samples  and  data,  provide  the  need  of  a  retest  does  not  cause 
delay. 

"Field  Sampling  Steel  Reinforcement. — Two  bars  18"  long  for  each  10  ton: 
used.  Two  longitudinal  and  two  transverse  wires  18"  long  for  each  10  tons 
mesh  used.      Structural  steel  (plant  inspection  tests). 

"Acceptance. — Upon  completion  of  the  testing  of  any  set  of  samples  the 
division  engineer  is  notified  of  the  acceptance  or  rejection  of  the  material,  anc 
transmits  the  statement  to  the  engineer  in  charge  of  the  contract." 

SAMPLE  MATERIAL  REPORT 

MEMORANDUM    LOCAL    MATERIALS    SURVEY    FOR    THE    RUSH 
MENDON  PART   1,  ROAD   1392 

Made  by  W.  G.  Harger,  December,  1920  and  January,  1921 

"Previous  investigations  covered  the  availability  of  local  materials  for 
concrete  pavement.     This  survey  considers  the  availability  of  local  material 
for  possible  macadam  construction. 

"In  1 9 16,  F.  C.  Koerner  made  a  field  estimate  of  local  fence  stone  an 
gravel.  The  result  of  the  new  survey  (W.  G.  Harger,  1920)  indicates  tha 
Mr.  Koerner 's  estimate  as  to  available  materials  was  very  thorough,  and  tha 
his  quantities  were  conservative  estimates. 

"The  main  features  of  the  situation  are  as  follows:  There  is  sufficier 
fence  stone  and  gravel  in  the  territory  to  construct  a  local  stone  macada: 
road.  The  farmers,  with  the  exception  of  Mr.  Corcoran  No.  8,  and  parte 
No.  25,  are  all  willing  to  give  their  walls  and  piles  for  use  on  this  road,  providt 
the  bottoms  are  cleaned  up  thoroughly.  The  stone  runs  about  60%  granite  ( 
Medina  sandstone  bouiders,  fit  for  top  course,  and  40%  fit  for  subbase  bo 
torn.  All  stone  is  fit  for  subbase  bottom,  but  about  30%  of  it  is  too  larj 
for  economic  use  in  a  boulder  bottom.  About  70%  of  the  stone  as  a  who 
can  be  economically  used  for  subbase  bottom  with  a  moderate  amount 
sledging.  The  other  30%  can  most  economically  be  used  as  crushed  tc 
course. 

"Considering  all  the  factors,  it  is  probable,  if  macadam  is  used  for  th 
road,  that  the  most  suitable  type  would  be  a  subbase  boulder  bottom,  filh 
with  coarse  gravel,  or  waste  crushed  stone  of  sizes  unsuitable  for  top,  and 
top  course  for  part  of  the  distance  of  local  selected  crushed  stone  suppl 
mented  on  the  east  end  by  imported  limestone. 

"Filler  gravel  can  be  obtained  from  three  pits  close  to  the  road  (see  map 
The  price  for  such  gravel  set  by  the  owners  is  25  cts.  per  cubic  yard. 

"Unloading  points  for  imported  materials  are  available  at  Rochest 
Junction  (triple  track  main  line,  six-car  capacity),  and  at  Rush  (pub! 
switch,  fifteen-car  capacity). 

"Water  supply:  Honeoye  Creek  the  year  round,  and  small  creek  near  St 
48  for  part  of  year.  The  following  map  and  table  of  quantities  indicate  tl 
result  of  the  1920  investigation. 

Submitted, 

W.  G.  Harger. 

Jan.  4,  1921." 

4.  Special  Problems. — These  include  grade  crossings,  speci 
drainage,  bridges,  etc.,  the  principles  of  which  are  discussed  on  tl 
following  pages: 

Grade  crossings  (pp.  599  to  675). 
Drainage  (pp.  180  to  341). 
Bridges  (pp.  180  to  341). 

5.  Approximate  Quantity  and  Cost  Estimates. — The  length 
the  road  can  be  obtained  from  maps  (U.  S.  Geological  Survey  a 
convenient)    or   by   autometer   distances    or   pacing.     Maps   a 
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generally  available  and  serve  as  a  convenient  basis  for  notations 
A  field  inspection  by  one  man,  preferably  on  foot,  furnishes  th 
necessary  data  on  required  drainage,  foundation  soils,  approximat 
amount  of  excavation,  condition  of  existing  bridges,  and  all  sped? 
features. 


NOTE!  Curves  are  -for  12  to  17 'Spans 
For  Spans  less  ihan  12, 
reduce  costs  6  % 
For  Spans  over  1 7, 
increase  costs  7% 

Abuiments  3  longer  ihan 
Roadway  width  for  right 
angle  layouts 

2000 


J  1000 

o 

o 


n  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  n  1 1 1 1 1 1 


5  10  15 

Heighf  of  Abu-fmenf,  f+. 
(-fop  of  slab  +o  bo+fom  of  ■foundcrTi'on) 


Slab  Highway 
Bridqe  Abu-frrien-rs 

3  2  "Of 


o 
O 


10  15         20 

Heigh!  of  AbuTrnervf,fK 

Per  Fh  Extra  Cost  for  Two  Abutments  -for  Skew  Bridc^ 
multiply  Cost  by  Extra  Length  th  Ft.  due  to  Skew. 

Fig.  260. — Approx.  cost  curves.     Abutment  masonry  for  slab  ty 
bridges.     Spans  6'  to  25'  (unit  price  of  concrete  #18  per  c.y.). 

Minor  drainage  features  can  generally  be  lumped  and  assum 
to  run  about  $1500  per  mile.  (For  more  detailed  cost,  estimate  ea 
culvert  separately.  See  chapter  on  Drainage.)  Special  bridg 
must  be  figured  in  detail.  (See  chapter  on  Drainage  for  Standa 
Design,  and  quick-estimating  diagrams.     For  culvert   costs  £ 
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pp.  669  to  675,  for  bridge  costs,  pp.  648  to  669.  For  the  convenience 
of  the  field  man  cost  and  quantity  of  the  most  common  cases  are 
reported  in  this  chapter  (pp.  758  to  769). 

The  amount  of  excavation  per  mile  for  ordinary  rolling 
topography  is  entirely  a  matter  of  judgment,  which  can  only  be 
developed  by  personal  experience  in  similar  work.  For  special  long 
hills  requiring  a  cut  and  fill  reduction  a  rough  profile  can  be  run  with 
an  Abney  level,  and  the  quantities  approximated  from  the  attached 
diagram.  However,  the  item  of  excavation  on  macadam  roads  in 
ordinary  topography  rarely  exceeds  20%  of  total  cost,  and  consider- 
able error  in  estimating  the  yardage  will  not  greatly  effect  the  value 
of  the  estimate. 


0  5 

feOOOr   [■  I   I    I    I 


50JJ0 


Clear  Span  between  Abu+menH,  fr. 
10  15  20  Z5  30 


4000 


-°    MOOT 


2000  r 


1000 


6000 


5000 


4000 


3000- 


1         * 
2000 


31000 


Clear  Span  be+ween  Abu+men+s.-ft'. 


Fig.  260. — Typical  cost  curves.  Small  span  bridge  superstruc- 
tures. H-20  loading.  Based  on  standard  bridges  in  the  following 
illustrations.  Slabs,  Fig.  69,  page  237.  Steel  I  beam  stringers. 
Fig.  76,  page  275.     Concrete  T  beam  stringers,  Fig.  73,  page  252. 

The  character  of  the  natural  road  soil  has  an  important  bearing 
on  the  depths  of  macadam  or  the  use  of  subbase  and  must  be  care- 
fully recorded.  This  can  best  be  done  by  giving  the  character  of 
the  soil,  noting  whether  the  improved  road  will  probably  be  in  cut  or 
fill  at  the  points  recorded,  and  specifying  the  recommended  depths 
of  macadam  or  subbase  under  rigid  pavements.  The  depths  of 
macadam  for  different  classes  of  traffic  and  different  soils  were  indi- 
cated in  Chap.  VI  (p.  391),  for  rigid  pavements  on  page  426.  Sam- 
ple notes  on  foundation  soils  are  shown  on  page  838. 

Methods  of  computing  costs  are  given  in  Chap.  XV. 

The  following  tabulations  of  unit  costs  show  the  wide  range  in 
different  locations  and  under  different  specifications.  Reasonable 
unit  prices  for  the  district  in  question  should  be  worked  out  for 
general  reference  purposes. 
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Fig.  262. — Approximate  quantities  typical  plate  girders.  H-20 
loading.  Structural  steel  includes  girders,  floor  beams  and 
stringers. 
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Note. — For  skew  bridge  wings  quantities  remain  constant,  abut- 
ments are  lengthened. 

t  0„„fv.        Right  angle  length 

Length  =  — - ^ — : — ■ 

Cos.  skew  angle 

For  Spans  less  than  75 fh  reduce  Concrete  Quantities  by  10  % 
9000 1  1  1  1  1  1  1  1  1  1  1  1  i  i  m  1  1  l^   i  1  y  1  i?500 
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Fig.  263. — Approximate   quantities   of   abutment   masonry    plate 
girder.     Type  of  bridge.     40'  to  100'  spans. 
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IG.  264. — Typical  weights  old  style  light,  steel  bridges, 
floors.      Approx.  100  lbs.  per  sq.  ft.  live  loads. 
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Table  126. — Unit  Prices,  1925 
Maine 

Description  Unit 

arth  excavation Cu.  yd. 

ock  excavation Cu.  yd. 

orrow Cu.  yd. 

;one  fill Cu.  yd. 

ravel  base Cu.  yd. 

.one  base,  gravel  finish Cu.  yd. 

one  base,  crushed-stone  finish Cu.  yd. 

ravel  subbase Cu.  yd. 

one  V-drain Cu.  yd. 

de  underdrain Cu.  yd. 

ass  A  concrete Cu.  yd. 

ass  B  concrete Cu.  yd. 

;ment  rubble  masonry Cu.  yd. 

p-rap Lin.  ft. 

.ying  12"  corrugated  metal  pipe Lin.  ft. 

.ying  14"  corrugated  metal  pipe Lin.  ft. 

.ying  16     corrugated  metal  pipe Lin.  ft. 

ying  18"  corrugated  metal  pipe Lin.  ft. 

ying  20"  corrugated  metal  pipe Lin.  ft. 

.ying  24"  corrugated  metal  pipe Lin.  ft. 

ying  12"  cast-iron  pipe Lin.  ft. 

ying  16"  cast-iron  pipe Lin.  ft. 

.ying  18"  cast-iron  pipe Lin.  ft. 

.ying  24"  cast-iron  pipe Lin.  ft. 

.ying  30"  cast-iron  pipe Lin.  ft. 

•op  inlets Each 

)bble  gutters Sq.  yd. 

•avel  road , Cu.  yd. 

•ushed-stone  base  course Cu.  yd. 

tuminous-macadam  surface  course Cu.  yd. 

tuminous-material  applied  (cars) Gal. 

tuminous-material  applied  (barrels) Gal. 

irtland-cement-concrete  pavement Cu.  yd. 

.vement  reinforcing Lb. 

ood  guard  rail Lin.  ft. 

ire-fence  guard  rail Lin.  ft. 

ying  12"  vitrified  pipe Lin.  ft. 

ying  16"  vitrified  pipe Lin.  ft. 

New  Hampshire 

Average  Unit  Bidding  Prices  1925 
Items  Quantities    Average  Bid 

.rth  excavation Cu.  yd.  $1.36 

ructure  excavation Cu.  yd.  3  .  33 

irrow Cu.  yd.  1 .  39 

avel  borrow  for  shoulders Cu.  yd.  2  .07 

dge Cu.  yd.  4 .  19 

undation-course  gravel Cu.  yd.  2  .  22 

undation-course  field  stone Cu.  yd.  3  •  28 

arif ying Cu.  yd.  o .  1 1 

ttom-course  gravel Cu.  yd.  2  .  16 

ttom-course  crushed  gravel Cu.  yd.  2  .92 

ttom-course  modified  asphalt Cu.  yd.  .... 

ttom-course  crushed  stone Cu.  yd.  3  .35 

rface-course  gravel Cu.  yd.  2 .  35 

rface-course  crushed  gravel Cu.  yd.  3 .  05 

|rf ace-course  modified  asphalt Cu.  yd.  0.74 

rface-course  bituminous-macadam  broken  stone.  .  .Cu.  yd.  4.05 

rface-course  reinforced  concrete Sq.  yd.  2  .  78 

rface-course  trap  rock Cu.  yd.  4 .04 

plying  bituminous  material Gallon.  o  .07 

ncrete  Class  1 Cu.  yd.  27  •  54 


Number 

of  Bids 

Average 

16 

$1.19 

14 

4 . 1 1 

16 

1.23 

8 

2.34 

9 

2.31 

9 

2  .64 

4 

396 

13 

2.35 

1 

2.80 

2 

2.65 

IS 

30.27 

16 

27.69 

1 

$15.00 

1 

3  00 

15 

0.83 

11 

0.88 

11 

1 .  10 

10 

1 .22 

5 

1.38 

8 

1.52 

2 

1 .00 

9 

1.50 

7 

1.68 

6 

1.87 

2 

300 

6 

57.50 

8 

1.44 

11 

2  .61 

5 

4-83 

8 

564 

8 

0 .  10 

8 

0.075 

3 

12 .  17 

3 

0.0433 

14 

0.59 

2 

0.75 

I 

o.75 

I 

1 .00 
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Table  126 — Continued 
New  Hampshire 
Average  Unit  Bidding  Prices  1925 
Items  Quantities    Average  E 

Concrete  Class  2 Cu.  yd.  21.88 

Cement  stone  masonry Cu.  yd.  14.14 

Rip-rap Cu.  yd.  3  .  20 

Cobble  gutter . Cu.  yd.  1 .68 

Laying  8"  corrugated  metal  pipe Lin.  ft.  1 .08 

Laying  12"  corrugated  metal  pipe Lin.  ft.  1 .03 

Laying  14"  corrugated  metal  pipe Lin.  ft.  1 .02 

Laying  16"  corrugated  metal  pipe Lin.  ft.  1 .  14 

Laying  18"  corrugated  metal  pipe Lin.  ft.  1 .25 

Laying  20"  corrugated  metal  pipe Lin.  ft.  1 .26 

Laying  24"  corrugated  metal  pipe Lin.  ft.  1 .63 

Laying  30"  corrugated  metal  pipe. . . Lin.  ft.  2 .  11 

Wood  guard  rail .  .Lin.  ft.  o .  69 

Cable  guard  rail Lin.  ft.  0  .  80 

Reinforcing  steel Lbs.  0 .  09 

Texas 

Unclassified  roadway  excavation $     0 .  ] 

Common  roadway  excavation o  . : 

Solid-rock  roadway  excavation 1 . : 

Dry-channel  excavation o . : 

Wet-channel  excavation o . | 

Excavation  for  culverts,  Class  A .  .' o . ' 

Excavation  for  culverts.  Class  B 1  .< 

Excavation  for  culverts,  Class  C 3  .< 

Excavation  for  bridges,  Class  A xS 

Excavation  for  bridges,  Class  B 2  .< 

Excavation  for  bridges,  Class  C 6 .< 

Borrow 0 . 

Stripping  material  pits ' o . 

Overhaul " o .  < 

Road  grader  work 6 . » 

Subbase  complete  in  place 

Shell  furnished,  exclusive  of  freight,  etc o . 

Crushing  and  screening 1 . 

Extra  rolling  base  and  surface  courses 3 . 

Sprinkling 2 . 

Water  hauled  additional  mile 1 . 

Material  hauled  additional  quarter o . 

Gravel  base  course o . 

Crusher-run  broken  stone  furnished 1 . 

Standard  gravel  surface  course  complete  in  place o. 

Double  bituminous  surface  treatment  complete  in  place o. 

Triple  bituminous  surface  treatment  complete  in  place o. 

Bituminous-macadam  surface  course  complete  in  place 1 . 

Two-course  limestone  rock  asphalt  surface  course o . 

Sheet-asphalt  pavement  complete  in  place 1 . 

Concrete  pavement  complete  in  place 2  . 

Reinforcing  steel  for  pavements  complete  in  place o. 

Untreated  bridge  timber  complete  in  place 80. 

Treated  timber  complete  in  place no. 

Class  A  concrete  complete  in  place 20 . 

Class  B  concrete  complete  in  place 20. 

Class  C  concrete  complete  in  place 20 . 

Class  D  concrete  complete  in  place 23 . 

Reinforcing  steel  (structures)  complete  in  place 0 . 

Structural  steel  complete  in  place 0 . 

Treated  timber  piling  complete  in  place 1  • 

Precase  concrete  piling  complete  in  place 5  • 

Wire-cable  guard  railing  complete  in  place o . 

Wood  guard  railing  complete  in  place 0 . 

Concrete  railing  for  structures,  type  C  complete  in  place 2 

Concrete  railing  for  structures,  type  D  complete  in  place 2 
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Table  126 — Continued 

Idaho 

Solid  rock,  $1.16  per  cubic  yard. 

Loose  rock,  50  cts.  per  cubic  yard. 

Earth,  28  cts.  per  cubic  yard. 

Class  A  concrete,  $28.34  per  cubic  yard. 

Class  B  concrete,  $27.06  per  cubic  yard. 

Reinforcing  steel,  6.5  cts.  per  pound. 

Hand-placed  rip-rap,  $3-50  per  cubic  yard. 

Loose  rip-rap,  $2.44  per  cubic  yard. 

Guard  rail,  78  cts.  per  linear  foot. 

Crushed  rock  or  gravel  surfacing,  $1.66  per  cubic  yard. 

Plain  concrete  pavement,  $1.84  per  square  yard. 

Bituminous-concrete  pavement  $1.67  per  square  yard. 

Pavement  subgrade  preparation,  4.7  cts.  per  square  yard. 

Gravel  subbase  for  pavement,  $1.50  per  cubic  yard. 

Crushed-gravel  shoulders,  $1.85  per  cubic  yard. 

Hauling  and  placing  galvanized-pipe  culverts: 

12",  27  cts. 

IS",  35  cts. 

18",  50  cts. 

24",  64  cts. 

30",  $1.38 

36",  $1.40 
Hauling  and  placing  concrete  culvert   pipe: 

12",  43  cts. 

18",  ss  cts. 

24".  55  cts. 

30",  75  cts. 

36",  $1.25 

New  Mexico 

Average 

Item                                                                                              Unit  Unit  Bid 

Class  1  excavation Cu.  yd.  $  o .  296 

Class  2  excavation Cu.  yd.  o .  825 

Class  3  excavation Cu.  yd.  2.17 

Class  1  borrow Cu.  yd.  0 .  265 

Overhaul Sta.  yd.  o .  045 

Clearing  and  grubbing,  overhaul Acre  30 .00 

Class  A  concrete Cu.  yd.  26 .  16 

Class  B  concrete Cu.  yd.  25  .61 

Concrete  1:2:3  (structures) Cu.  yd.  20 .  70 

Mortar  rubble  masonry Cu.  yd.  10 .67 

Rip-rap Cu.  yd.  2  .  50 

Grouted  cobble-stone  apron Cu.  yd.  10  .00 

Spillway  base  course Cu.  yd.  2.17 

Concrete  pavement  1:2:3 • Cu.  yd.  14 .  19 

Two-course  crushed-rock  surfacing Cu.  yd.  3-37 

Two-course  crushed-caliche  surfacing Cu.  yd.  1 .85 

One-course  gravel  surfacing Cu.  yd.  1 .  70 

Gravel  surfacing  (bridge  floors) Cu.  yd.  2  .  89 

Clay  or  caliche  plating Cu.  yd.  0.77 

18"  diameter  16  Ga.  C.  M.  C Lin.  ft.  2  .45 

24"  diameter  14  Ga.  C.  M.  C Lin.  ft.  3  .09 

30"  diameter  14  Ga.  C.  M.  C Lin.  ft.  3.71 

36"  diameter  14  Ga.  C.  M.  C Lin.  ft.  3  .47 

24"  diameter  reinforced-concrete  pipe Lin.  ft.  3  .  50 

30"  diameter  reinforced-concrete  pipe Lin.  ft.  s  .00 
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UNIT  PRICES  BRIDGE  AND  GRADE-CROSSING  WORK 

Compiled,  1925,  by  W.  G.  Harger  for  Western  New  York  Conditions 


Item 
number 


Item 


Unit  price 


1 

2a 

2b 

2C 
2d 


2/ 
2g 
3<* 

Zaa 

3b 
3c 
3d 


6 

7a 
lb 
10 
130 
136 
13c 
130* 
13* 
13/ 
1 32 
13^ 

16 

17 

18 

19 

20a 

20& 

20c 

20(f 

2ia 

2lb 

2XC 

22a 

27 

27a 

28 

29 

30 

31 
32& 


Clearing  and  grubbing 

Earth  excavation  (borrow  pit) 

Earth  excavation  roadway,  common.  . 

Earth  excavation  foundations  and  cul- 
verts (dry) 

Earth  excavation  foundations  and 
culverts  (wet) 

Earth  excavation  slip  scraper  ditch 
work 

Earth  excavation  sewers 

Backfill  (abutments) 

Rock  excavation  common  roadway 
(shale) . 

Rock  excavation  common  roadway 
(hard) _ 

Rock  excavation  in  foundations  (dry) 

Rock  excavation  in  foundations  (wet) 

Rock  excavation  removing  old 
masonry 

Overhaul 

Sewer  pipe .  . 

4"  underdrain 

6     underdrain 

Relayingold  pipe 

12"  cast-iron  pipe  (medium  weight).  . 
14"  cast-iron  pipe  (medium  weight) .  . 
16"  cast-iron  pipe  (medium  weight).  . 
18"  cast-iron  pipe  (medium  weight).  . 
20"  cast-iron  pipe  (medium  weight) .  . 
24"  cast-iron  pipe  (medium  weight) .  . 
30"  cast-iron  pipe  (medium  weight) .  . 
36"  cast-iron  pipe  (medium  weight).  . 

Pointing  old  masonry 

Rip-rap 

Piles 

Timber  and  lumber 

Portland  cement.. 

1:2:4  concrete1  (jack  arch  floor) 

1:2:4  concrete1  (formed  floor) 

1:2:4  concrete1  (slabs) 

1:2:4  concrete1  (trestle  designs) 

1:  2^2  •  5  concrete1  foundations 

1:2^5:5  concrete1  abutments  (large 
work) 

i:2>^:S  concrete1  abutments  and 
pedestals  (small) . . . 

1:3:6  concrete1  pipe  jackets 

Concrete1  curbing 

Curb  bar 

Concrete  gutter  (cement  inch) 

Cobble  gutter  (cement  joints) 

Metal  reinforcement  concrete  pave- 
ment   

Bar  reinforcement  concrete  pavement 

Structural  steel 

Truss  bridges 

Plate  girders 

Rolled  stringers 


Special  each  case 
$  0.70  per  cubic  yard 
0.90-1.50  per 

cubic  yard 
2.00—2.50  per 

cubic  yard 

4 .  00  per  cubic  yard 

0.75  per  cubic  yard 

Included  in  pipe  price 

1 .25  per  cubic  yard 

2 .00  per  cubic  j'ard 

2  .50  per  cubic  yard 
6.00  per  cubic  yard 
8.00  per  cubic  yard 

4.00  per  cubic  yard 
0.007-0.01  per 

station  yard 

(See  sewer  diagrams) 

0.25  per  linear  foot 

0.35  per  linear  foot 

0.20  per  linear  foot 

3  .50  per  linear  foot 
4.50  per  linear  foot 
5  .70  per  linear  foot 
7  .00  per  linear  foot 
8 .  50  per  linear  foot 

10  .00  per  linear  foot 
15  .00  per  linear  foot 
20.00  per  linear  foot 

0.05  per  square  foot 

2.50  per  cubic  yard 

0.90-1.20  per 

linear  foot 
80.00  per  thousand 

3.20  per  barrel 
18  .00  per  cubic  yard 
20  .00  per  cubic  yard 
20.00  per  cubic  yard 
25  .00  per  cubic  yard 
10 .00  per  cubic  yard 

14.00  per  cubic  yard 

16.00  per  cubic  yard 
10.00  per  cubic  yard 
25  .00  per  cubic  yard 

o  .30  per  linear  foot 
18.00  per  cubic  yard 

1 .25  per  square  yard 

0.035  per  square  foot 
0.05  per  pound 

0.075  per  pound 
o  .07  per  pound 
0.06  per  pound 


1  Concrete  prices  do  not  include  cement. 
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Item 
number 


Item 


Unit  price 


32a 

33 

33^ 

34 
35 
36 
37 
38 
39 
41 
42 

44 
45 
46 

47 
5ic 

54 
55 
56 

61 
62 

63 
66 
7i 
75 
76 


Bar  steel  (in  structures) 

Miscellaneous  iron  and  steel 

Corrugated  iron  for  bridge  floor  jack 
arches 

Wooden  guide  rail 

Cable  guide  rail 

Concrete  guide  posts 

2"  pipe  railing 

Preparing  fine  grade 

Run-of-bank  gravel  foundation 

Field  or  quarry-stone  foundation 

Run-of-bank  gravel  bottom 

Broken-slag  bottom 

Broken-stone  bottom 

Concrete  foundation  for  pavement 
(cement  not  included) 

Bituminous-macadam  top  (bitumen 
not  included) 

Concrete  pavement  (cement  not  in- 
cluded)   

Brick  pavement* 

Stone-block  pavement* 

Trimming  shoulders 

Broken  slag  (loose) 

Screened  gravel  (loose) 

Broken  stone  (loose) 

Bituminous  material  A  (penetration) 
Bituminous  material  T  (penetration) 

Maintaining  traffic 

Resetting  wooden  guide  rail 

Waterproofing 


0.  20 
o.75 
1.25 
3-25 
3  00 
0. 10 
3  OO 
4.00 
350 
6.00 
7.00 


$0 .  06  to  So .  07  per  pound 
o.  10  per  pound 

per  square  foot 

per  foot 

per  foot 

each 

per  foot 

per  square  yard 

per  cubic  yard 

per  cubic  yard 

per  cubic  yard 

per  cubic  yard 

per  cubic  yard 

7  .  00  per  cubic  yard 

9.00  per  cubic  yard 

10.00  per  cubic  yard 
3  .  50  per  square  yard 
5  .  50  per  square  yard 
o.  10  per  linear  foot 

of  road 
4.00  per  cubic  yard 
3.00-4.00  per 

cubic  yard 
4.50  per  cubic  yard 
o.  15  per  gallon 
0.17  per  gallon 
o . 20  per  foot 
o . 50  per  foot 
o.  10  per  square  foot 


*  Does  not  include  concrete  base. 

Miscellaneous  Items 

Labor  raising  track $  0.  80  per  linear  foot  per  foot  raise. 

Pile  temporary  track  protection  dur- 
ing construction  of  railway  bridges     30 .  00  per  foot  per  track. 

Cost  of  Interurban  Electric   Track   Work 

Ballast,  ties,  poles  and  wiring $5  per  ft.  single  track. 

Steel  rails $1 .  50  per  ft.  single  track. 

The  sample  preliminary  reports  following  illustrate  the  methods 
in  common  use  for  high-type  roads  covering  pavements,  bridges 
and  railroad-crossing  problems.  Reports  of  this  character  will 
rarely  differ  from  the  final  cost  of  construction  by  more  than  15%. 
While  photographs  increase  the  value  of  these  reports,  they  are 
not  so  essential  as  for  new  locations.  Notes  on  photography  are 
given  on  page  818. 
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6.  Sample  Preliminary  Pavement  Design  Report 

MT.   MORRIS  VILLAGE  STATE-COUNTY  HIGHWAY,  LIVINGSTON 
COUNTY,  NEW  YORK  STATE 

"i.  Location  and  Length. — The  proposed  improvement  extends  from  the 
south  corporation  line  at  Buck  Run  northerly  along  Main  Street  to  State 
Street,  a  distance  of  approximately  4800',  and  on  Chapel  Street  from  Main 
Street  to  Clinton  Street,  a  distance  of  approximately  400'.  This  construc- 
tion will  complete  the  state  system  through  Mt.  Morris  Village  and  furnish 
the  final  connecting  link  between  the  following  previously  improved  roads: 
Nos.  482,  855,  S270,  and  5665. 

"2.  Grades  and  Alignment. — The  grades  are  easy  and  the  alignment 
straight.  No  grade  reductions  will  be  required  nor  will  any  rights  of  way 
be  necessary  to  improve  the  alignment. 

"3-  Traffic  Classification  (Based  on  Traffic  Classification  Map). — This 
road  is  Class  II  from  Stas.  o  to  26  (Buck  Run  to  Erie  Street)  and  on  the 
verge  between  Class  II  and  Class  I  from  Stas.  26  to  48  (Erie  Street  to  State 
Street).  Prom  Stas.  26  to  48  it  lies  in  the  business  section  of  the  village 
and  takes  all  traffic  to  the  Erie  Ry.  station. 

"4.  Suitable  Types  of  Pavement  (in  Respect  to  Traffic  Classification). — 
Between  Stas.  o  and  26  (Class  II  traffic)  either  bituminous  macadam  or 
reinforced  cement  concrete  are  suitable. 

"Between  Stas.  26  and  48  (Class  I  traffic)  either  brick  or  asphaltic  concrete 
on  concrete  bases  or  reinforced  cement  concrete  are  suitable.  (For  suitability 
of  pavements  see  Table  2,  p.  6.) 

"5.  Soils. — The  subgrade  soils  are  as  follows: 

Stas.       0-     4 Ordinary  loam 

Stas.       4-     7 Quicksand 

Stas.       7-22 Ordinary  loam 

Stas.     22-  48 Gravelly  soil 

Stas.  880-884 Gravelly  soil 

"6.  Equal  Strength  Design  (Based  on  Tables  i53i  and  154,  pp.  959). — 

Considering  the  above  list  of  soils  and  that  the  road  is  entirely  in  cut,  the 
following  depths  of  pavement  are  recommended: 


Total  Pavement  Thickness  in  Inches 


Location 


Type 


Bitumi- 
nous 
macadam 


Reinforced 
concrete 
0.65  lb. 

per  square 
foot 


3"  asphal- 

tic- 

concrete 

surface  on 

concrete 

base 


4"  brick 
on  con- 
crete base 


Stas.  o-  4. 
Stas.  4-  7  ■ 
Stas.  7-  22. 
Stas.  22-  48. 
Stas.  880-884. 


13 
24 
13 
10 
10 


10 

io2 

10 

9 

9 


11 

II2 

II 

10 

10 


1  Bottom  and  top  reinforcement  and  subbase. 

2  Gravel  subbase. 


"7.  Materials  Available. — Local  sand  and  gravel  fit  for  concrete  paving 
base,  culverts,  or  subbase  bottom  courses  are  available  as  follows: 

"Gravel  pit  owned  by  village  of  Mt.  Morris  located  2000'  (downhill  haul) 
west  of  Sta.  46.  This  gravel  if  screened  ought  to  to  be  suitable  for  the  coarse 
aggregate  for  concrete  paving  base,  but  is  not  probably  good  enough  for 
concrete  pavement.  This  pit  has  been  sampled  7-914  and  submitted  to 
Albany  for  approval.  The  price  of  this  gravel  is  75  cts.  per  cubic  yard  at 
the  pit.  This  gravel  is  suitable  (pit  run)  for  subbase  under  macadam,  Stas. 
o  to  22.     Seven  thousand  cubic  yards  are  available. 
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"Sand  pit,  owned  by  Jerry  Donovan,  located  2  miles  west  of  Sta.  46. 
Unlimited  quantity.  Rather  uniform  fine-grained  sand.  Field  test  showed 
3%  loam.  Probably  good  for  any  grade  of  concrete  except  concrete  pave- 
ment. Sample  7-913  taken  and  submitted  to  Albany  for  approval.  Price 
at  pit  50  cts.  per  cubic  yard. 

"Imported  sand  fit  for  any  grade  of  concrete  can  be  obtained  from  the 
valley  sand,  Pennsylvania  Ry.  delivery  at  $  1.45  per  ton,  f.o.b.  Mt.  Morris. 
Screened  gravel  from  the  same  source,  Si. 35  per  ton,  f.o.b.  Mt.  Morris. 

"Imported  crushed  limestone  acceptable  for  all  work  can  be  obtained  from 
Le  Roy,  $2.05  per  ton,  f.o.b.  Mt.  Morris,  Erie  Ry.  delivery. 

"Crushed  slag  fit  for  macadam  bottom  course,  $2.35  per  ton  Erie  Ry. 
delivery. 

"Brick. — $41.50  per  1000,  f.o.b.  Mt.  Morris,  any  railroad. 

"Cement. — $2.35,  f.o.b.  Mt.  Morris  (bags  returned). 

"  Water. — Village  water  supply.     Hydrants  located  at  frequent  intervals. 

"Old  Macadam. — In  order  that  the  new  grade  line  be  placed  at  the  proper 
elevation  to  fit  the  sidewalks  about  900  cu.  yd.  old  macadam  will  have  to  be 
excavated.  This  can  be  screened  and  reused  as  macadam  bottom  course 
between  Stas.  0  and  26. 

"8.  Comparative  Cost  Estimates. — The  comparative  cost  estimates  are 
based  on  the  equal-strength  depths  recommended  in  Art.  6  of  this  report  and 
on  the  material  prices  quoted  in  Art.  7  of  this  report.  Labor  at  35  cts.  per 
hour. 

"The  maintenance  and  renewal  estimates  are  based  on  modified  depart- 
ment records  (see  Table  97,  p.  520). 

"The  difference  in  motor  operation  cost  for  the  different  types  of  surface 
(see  Table,  p.  68)  would  not  add  over  2  cts.  per  square  yard  per  year  to  the 
total  yearly  cost  of  macadam  as  compared  with  Class  A  surfaces,  which 
brings  the  total  estimated  cost  of  the  last  column  up  to  27  cts.,  for  bituminous 
macadam,  Stas.  0  to  26. 

"From  the  standpoint  of  both  original  and  final  cost  there  is  a  very  evident 
advantage  for  macadam  Stas.  o  to  26.  The  local  people  have  no  particular 
preference  as  to  type  of  pavement  for  this  portion  of  the  road.  Local  prefer- 
ence would  be  the  only  factor  entitled  to  modify  decisions  based  on  the  cost 
analysis,  provided  the  additional  cost  is  paid  locally.  As  this  factor  need 
not  be  considered,  bituminous-macadam  pavement  is  recommended  from 
Stas.  o  to  26. 

"From  Stas.  26  to  48,  local  preference  must  be  considered.  The  village 
proposes  to  pay  the  additional  cost  introduced  by  such  preference  as  to  type 
and  extra  width  desired.  Under  these  conditions  the  cost  analysis  is  of  value 
only  as  indicating  proper  state  cooperation.  Article  10  gives  alternate  total 
estimates  of  cost  to  enable  the  village  to  come  to  a  reasonable  decision  as  to 
the  type  they  will  ask  for. 

"9.  Recommended  State  and  County  Cooperation  Based  on  Final  Cost 
(Art.  8). — The  state  would  be  justified  in  limiting  their  cooperation  to  the 
cost  of  16'  bituminous-macadam  pavement,  Stas.  0  to  26,  and  an  18'  rein- 
forced-concrete  pavement,  Stas.  26  to  48  and  880  to  883,  with  ordinary 
surface-drainage  provisions.  This  would  amount  to  approximately  $35,000. 
This  is  not  an  excessive  amount  if  the  funds  are  available  (see  Table  7, 
p.  15),  considering  the  volume  of  traffic  served  (about  1500  daily). 

"I  understand  that  the  rules  of  the  Department  limit  cooperation  to  the 
construction  of  a  16'  road  of  the  same  type  already  constructed  outside  of  the 
village.  This  rule  would  limit  cooperation  to  a  16'  bituminous  macadam 
which  would  cost  approximately  $30,000  for  this  locality.  Under  these 
circumstances  it  seems  desirable  to  set  the  cooperation  at  $30,000. 

"10.  Preliminary  Cost  Estimates. — The  following  estimates  have  been 
prepared  to  give  the  village  authorities  some  basis  for  decision  as  to  type 
and  width.  These  estimates  are  rough  preliminary  figures  subject  to  final 
revision  after  the  plansare  worked  out  in  detail.  They  are,  however,  liberal 
and  will  in  all  probability  exceed  the  final  figures  by  from  10  to  15  %.  Side- 
walks, curbing,  and  storm  sewers  are  itemized  separately  to  permit  the 
village  to  estimate  general  and  local  charges.  The  pavement  widths  used 
have  been  tentatively  approved  by  the  village  board  and  are  listed  as  follows: 
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Width,  feet 

18  (no  curb) 

34  (curb) 

Stas.           0       -          16 
Stas.          16       —          26 
Stas.         26       -         36 
Stas.         36       -         39 
Stas.         39       -         48      + 
Stas.  880  +  37-883  +  66- 

34-60  (curb) 

60  (curb) 

40  (curb) 

A  complete  system  of  storm  sewers  is  provided.     The  unit  prices  for  the 
major  items  are  as  follows: 

Adopted  Unit  Prices 

Excavation $1.00  cu.  yd. 

Gravel  subbase 2.20  cu.  yd. 

Macadam  bottom  (old  macadam  reused) 2.50  cu.  yd. 

Macadam  bottom  (new  slag) 4. 80  cu.  yd. 

Bituminous-macadam  top  (limestone) 8. 00  cu.  yd. 

Bituminous  Mat.  A  (penetration  macadam) 0.12  gal. 

7"  reinforced-cement-concrete  pavement 2  .  70  sq.  yd. 

3"  asphaltic  concrete  on  6"  cement-concrete  base 3.  10  sq.  yd. 

4"  brick,  cement-sand  cushion,  5"  cement-concrete  base.  ...  4.  10  sq.  yd. 

Sidewalk o .  25  sq.  ft. 

Curb  (concrete) o .  90  lin.  ft. 

Alternate  Total  Estimates 

Estimate  1 
Bituminous  macadam  10,  13,  and  24"  thick 

1.  Excavation $12,000 

2.  Curbing 6,000 

3.  Sidewalks 3,000 

4.  Special  drainage : , 9,000 

19,200  sq.  yd.  bituminous-macadam  pavement  at  $1.90 36,000 

Incidentals 3,000 

Total $69,000 

State  and  county  cooperation 30,000 

Total  village  share $39,000 

Estimate  2 
Bituminous  macadam,  Stas.  o  to  26. 
Reinforced  cement  concrete,  Stas.  26  to  48  and  Chapel  Street: 

Items  1-4  (Estimate  1) $30,000 

13,600  sq.  yd.  reinforced-concrete  pavement  at  $2.70 37,000 

5,600  sq.  yd.  bituminous  macadam  at  $1.60 9,000 

Incidentals 3,000 

Total $79,000 

State  and  county 30,000 

Total  village  share $49,000 

Estimate  3 
Bituminous  macadam,  Stas.  o  to  26. 
3"  asphaltic  concrete  on  6"  concrete  base,  26  to  48  Chapel  Street: 

Items  1-4  (Estimate  1) $30,000 

13,600  sq.  yd.  asphalt  pavement  at  $3.10 42,000 

5,600  sq.  yd.  bituminous  macadam  at  $1.60 9,000 

Incidentals 3,000 

Total $84,000 

State  and  county  cooperation 30,000 

Total  village  share $54,000 
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Estimate  4 

Bituminous  macadam,  Stas.  o  to  26. 

4"  brick,  cement-sand  cushion,  and  5"  concrete  base: 

Items  1-4  (Estimate  1) $30,000 

13,600  sq.  yd.  brick  pavement  at  $4.10 56,000 

5, 600  sq.  yd.  bituminous  macadam  at  $1.60 9,000 

Incidentals 3,000 

Total $98,000 

State  and  county  cooperation 30,000 

Village  total $68,000 

Signed 

Designing  Engineer." 

Remarks. — For  the  interest  of  the  reader  actual  procedure  on 
this  road  was  as  follows :  The  contract  was  let  for  reinf  orced- 
cement-concrete  pavement,  Stas.  o  to  26,  and  brick  pavement,  Stas. 
26  to  48,  the  local  people  paying  the  excess  cost  over  and  above  the 
state-fund  limit  advised  in  the  foregoing  report.  This  was  a 
rational  solution,  considering  local  preference  and  willingness  to 
assume  added  cost. 


PRELIMINARY    INSPECTION    AND    DESIGN    REPORT,    BRIDGE    1, 
ROAD   767,   MONROE  COUNTY,  TOWN   OF  PERINTON 

"Location.— O.  K.,  provided  channel  is  straightened  as  per  general  layout 
and  io°  skew  bridge  used.     See  page  1007,  Typical  Bridge  Plans. 

"Waterway  Area. — Drainage  area,  27  sq.  miles.  Probable  maximum  run- 
off 3500  sec.-ft.,  from  natural  watershed.  Takes  also  spillway  run-off  from 
barge  canal.  Probable  total  maximum  4000  sec.-ft.  High-water  data  very 
definite  at  the  bridge.  No  doubt  but  what  500-sq.  ft.  flow  area  is  about 
right  with  flood  velocity  about  8'  per  second.  Old  structure  42'  clear  span. 
Use  45'  clear  span  with  2'  debris  clearance  above  392.2  extreme  maximum 
flood  elevation. 

"Channel  Improvements. — Inlet  channel  needs  straightening  to  increase 
flow  capacity  and  reduce  scour  at  southwest  wing.  Approximately  4000 
cu.  yd.  of  excavation  are  required  for  channel  and  abutments.  Of  this 
amount  approximately  2500  cu.  yd.  are  fit  for  road-approach  fills. 

"Road-approach  Grades. — The  future  reconstruction  grade  and  alignment 
have  been  worked  out  at  this  bridge.  This  alignment  is  used  for  the  new 
bridge.  The  west  approach  grade  agrees  with  the  proposed  future  grade. 
There  is  not  enough  good  channel  excavation  to  raise  the  east  approach  to 
the  future  grade,  so  an  easy  run-off  has  been  designed  utilizing  all  the  good 
channel  excavation  and  making  this  grade  as  near  as  possible  to  the  future 
grade,  considering  limitation  of  fill  material.  For  a  separate  bridge  job  we 
did  not  feel  justified  in  stipulating  additional  east  approach  work,  which  is 
strictly  a  road  reconstruction  charge. 

"Road-approach  Pavement. — Same  type  as  existing  pavement — gravel 
bottom,  macadam  top. 

"Bridge-foundation  Conditions. — Fine  sand  (almost  quicksand).-  Piles 
will  be  needed.  Figure  on  30'  piles.  Length  ordered  in  leads  to  be  deter- 
mined by  test  piles. 

"Type  of  Structure. — Steel  I-beam  superstructure  adopted  as  the  most 
suitable  and  economical  type. 

"Through   plate   girder   rejected   on   account   possible   future    widening. 

"Concrete  T-beam  design  rejected  on  account  of  difficulty  of  forming; 
high  abutments  and  soft  bottom,  also  greater  floor  depth. 

Thirty  foot  roadway  ample  for  long  term  of  years.  1926  traffic  count  2000 
in  12  hrs.  in  August.  Allowing  for  50  years  traffic  growth  gives  approx.  4000  to 
5000  vehicles  in  12  hrs.  A  30'  bridge  will  easily  handle  7000  to  9000  in  10  hrs. 
No  sidewalks  needed.  No  gas  mains  at  bridge.  Provide  contingent  allow- 
ance for  maintaining  traffic. 
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Cost  of  Structure 

timated  contract  cost $35.ooo 

igineering  and  contingencies 4.°°° 

Total  appropriation •  •  $39,000 

tual  final  cost,  allowing  for  bid  cuts  and  the  elimination  of  contin- 
gent items  probably  not  needed  about $26,000 

Engineering 2.000 

Probable  final  cost $28,000 

Cost  of  Preliminary  Engineering 

rvey  (Harger  and  Anderson) $  n 

(rings  (Anderson) 80 

;sign  and  estimate  (Harger) 68 

acing  (Leonard) .  22 

lecking  and  right-of-way  maps  (Anderson) 60 

Total ' I241 

5i%  of  the  estimated  contract  cost. 
"Equipment  Required: 

Clam-shell  excavator  (general-utility  truck  crane) 

Pile  driver  (steam  or  drop  hammer) 

1-  or  2-bag  batch  concrete  mixer 

Roller 

Necessary  trucks,  teams,  and  wagons 

Necessary  small  tools,  plows,  scrapers,  etc. 

Power  pump  for  foundation  drainage. 
"Materials: 

Bottom-course  gravel  (local),  short  haul 

Crushed-stone  macadam  (imported) 

Concrete  materials  (imported) 

Piles  (local) 

Rip-rap  (local  fence  stone),  5-mile  haul  maximum. 

(Signed) 

Bridge  Eng. 

SAMPLE  PRELIMINARY  GRADE  CROSSING 
ELIMINATION  REPORT 

The  following  report  illustrates  specific  cases  where  elimination 
r  relocation  on  structure  seems  the  proper  solution.  Preliminary 
ports  of  this  nature  set  the  general  scheme.  Detail  design  reports 
e  given  in  Chap.  IX,  page  642. 

EPORT  FOR  CROSSING  68  GENESEE  &  WYOMING  VALLEY  RY. 
ROAD   5021,   TOWN   OF    CALEDONIA,   COUNTY  OF  LIVINGSTON, 
PUBLIC  SERVICE  CASE  3385 

jsessed  valuation  town  of  Caledonia  (1925) :•-.-•   $3, 400, 000 

aximum  permissable  town  share  of  construction  cost  permitting 

mandatory  order :••.••    $       28,000 

aximum    permissable    total    cost    of    elimination    permitting 
mandatory  order $    1 13,000 
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List  of  Elimination  Projects  in  Caledonia  on  the  State  Road  Syste 
in  Their  Order  of  Importance  on  Completion  of  the  State  System 
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94 
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Scotts- 
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2,000 

5593 

180 

1,000 

5593 
Total 

Penn   &    Erie 

Erie 

Lehigh,  M.  L. 

G.  &  W.  V. 

N.  Y.  Central 

Erie 

N.  Y.  Central 

Erie 


G.  &  W.  V. 
Erie 

All      elimina- 
tions in  town 


Penn 


2  $ 
2 
10 

1 
4T 
13 
44 

I? 


105,000  to  160, oc 

130,006 

115,000 

100,000 

180,000 

180,000 

90,000 

100,000 


2  90,000 

2iiRoad  relocation 


1  Considers  completing  routes  as  well  as  relative  danger. 

2  Cost  will  probably  be  reduced  to  $105,000  due  to  Erie  abandonment 
switch. 

3  P.S.  Case  3385. 

Discussion. — The  proper  solution  of  Crossing  68  Public  Service  Case  33 
Genesee  and  Wyoming  Valley  Ry.  at  Road  5021,  Town  of  Caledor 
depends  on  the  proposed  treatment  of  three  other  Erie  Ry.  Crossii 
16,40,  180  and  two  town  road  crossings  (see  attached  map) ;  that  is,  Cross 
68  cannot  be  considered  as  an  independent  separate  project. 

There  is  no  question  but  what  from  the  standpoint  of  safety  it  is  desira 
sometime  in  the  future  to  relocate  Road  5021  keeping  it  south  of  the  E 
•tracks  from  Crossing  16  to  Road  5273  crossing  the  Genesee  and  Wyom 
Valley  Ry.  south  of  the  Erie  Junction  (Crossing  68a  on  map).  This  relocat 
with  one  elimination  68a  Genesee  and  Wyoming  Valley  will  eliminate  th 
state  road  crossings  on  State  Touring  Route  5,  one  crossing  on  State  Re 
5593  and  two  town  road  crossings.  It  will  reduce  the  crossings  on  travel 
Rochester  from  the  west  by  one  crossing  and  will  increase  the  safety  at 
remaining  Crossing  40,  as  this  crossing  is  muchsafer  than  any  other  on 
route  due  to  station  stop,  wide  street,  etc.  When  Road  5021  is  relocat 
the  first  town  road,  about  800'  east  of  Crossing  16,  will  be  left  open  for  lc 
outlet;  this  is  a  comparatively  safe  crossing  at  right  angles  to  track,  w 
level  grade  and  good  sight  distance.  Crossings  16,  180,  and  Church  Str 
will  be  closed  to  traffic  and  Crossing  68a  eliminated  by  overhead  bridge. 

This  relocation  scheme  will  be  difficult  to  work  out  immediately  1 
should  be  worked  in  on  reconstruction  of  Road  5021  and  it  therefore  see 
desirable  to  take  care  of  Crossings  16,  68,  40,  and  180  by  means  of  fl; 
signals  at  once  which  will  serve  very  well  until  the  relocation  can  be  worl 
out.  .  .    . 

The  most  important  elimination  needed  at  once  in  Caledonia  is  Crossing 
Penn  Ry.  Road  5273. 

At  the  last  hearing  a  study  was  suggested  of  the  possibility  of  a  sh 
relocation  of  Road  5021  from  Crossing  16  keeping  south  of  the  Erie  tra< 
to  the  junction  with  the  G.  &  W.  V.  Ry.  and  making  one  elimination  acr 
both  Erie  and  G.  W.  at  the  junction  coming  back  on  Road  5021  east 
Crossing  68.     This  solution  seems  obviously  short  sighted  from  a  study  of 
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ip  and  the  preceding  statement  of  the  general  problem  and  this  would 
o  materially  increase  motor  operation  costs  on  Route  5.  Increase  in 
Dtor  operation  costs  for  year  would  be  approximately  Si 2,000;  capitalized 
lue  of  increased  cost,  approximately  $245,000. 

Signed 

Grade  Crossing  Engineer 
Div.  No  4 
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CONDEMNATION  AND   TEMPORARY  REPAIR  OF  WEAK 

BRIDGES 

The  determination  of  safe  load  for  old  bridges  is  a  very  difficult 
matter  due  to  uncertainty  as  to  the  condition  of  old  steel  and 
timber.     The  reduction  in  strength  of  standard  shapes  due   to 
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Typical  bridge  floor  repair  and  strengthening  road  485. 
(Details  of  repair  continued  on  p^ige  780.) 

age  and  fatigue  is  so  indefinite  that  very  conservative  assumptions 
should  be  made  and  a  large  factor  of  safety  used. 

In  computing  safe  loads  for  old  bridges  the  structure  should  be 
very  carefully  examined  and  measured  up  for  condition  of  floor 
planking,  stringers,  and  their  connections;  floor  beams  and  con- 
nections, and  all  truss  members. 

As  a  general  rule,  old  steel  bridges  are  weakest  in  the  items  of 
stringers,  somewhat  stronger  for  the  floor  beam  design  and  floor 
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beam  hangers,  and  the  strongest  generally  in  the  trusses  (see  table 
page  778  giving  the  analysis  of  a  number  of  old  bridges  inspected 
in  1926). 

This  general  condition  of  relative  weakness  makes  it  possible  in 
many  cases  to  quite  materially  increase  strength  without  complete 
rebuilding  by  strengthening  the  floor  system. 

For  the  effect  of  depth  and  type  of  flooring  on  distribution  of 
wheel  loads  to  stringers,  see  Chap.  XIV,  page  1042.     Chapter  XIV 
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Typical  bridge  floor  repair  and  strengthening  road  485. 

also   contains  all  necessary   tables  for  computing  safe  loads  on 
stringers,  floor  beams,  hangers,  etc.  (see  pp.  1026  to  1087). 

Sketch  Rd  485  shows  a  typical  temporary  repair  which 
reduces  impact  by  the  use  of  double  flooring,  increases  stringer 
strength  by  the  use  of  additional  timber  stringers,  and  reduces 
noise  by  timber  stringer  caps.  In  this  particular  case  new  floor 
beam  hangers  were  not  required  nor  was  it  necessary  to  strengthen 
trusses  by  supporting  bents. 
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MEMORANDUM  FOR  H.  E.  SMITH :  REPAIR  OF  BRIDGE 

1,  ROAD  485,  TOWNS  OF  BLOOMFIELD  AND  LIMA, 

COUNTIES  OF  ONTARIO  AND  LIVINGSTON 

Pursuant  to  your  request  of  recent  date,  Bridge  1  Sta.  0+00 
Road  485  was  inspected  by  W.  G.  Harger  and  R.  W.  Anderson  on 
May  25,  1926. 

Recommendation. — We  recommend  that  the  floor  on  this  bridge 
be  rebuilt  at  once,  that  the  diagonal  tension  members  and  cross- 
braces  be  tightened  up  at  once,  and  that  the  bridge  be  replaced 
with  a  new  modern  structure  as  soon  as  funds  become  available. 

The  life  of  the  existing  bridge  can  be  increased  by  proper  floor 
construction  which  will  reduce  the  impact  of  rapidly  moving  road 
vehicles.  Sketch  of  suggested  floor  construction  is  attached  (pages 
779-780.) 

We  also  recommend  that  this  bridge  be  posted  for  6  tons  gross 
load  after  the  floor  has  been  repaired  or  for  a  gross  load  of  2  tons  in 
its  present  condition  and  that  a  speed  limit  of  5  miles  per  hour  be 
required  for  loads  of  over  2  tons  gross  weight. 

(Signed) 

W.  G.  Harger 
May  25,  1926. 


PRELIMINARY     INVESTIGATIONS     FOR     ROADS     IN 
PIONEER  DISTRICTS 

Reports  of  this  nature  cannot  be  figured  so  accurately  as  for 
high-type  roads,  but  if  carefully  done  should  not  vary  over  25%  from 
the  final  construction  cost.  The  cost  of  preliminary  investigations 
depends  very  largely  on  the  character  of  the  country,  the  methods 
employed,  and  the  travel  necessary  to  get  to  the  work,  and  will 
range  from  $2  to  $40  per  mile.  A  fair  average  cost  for  work  similar 
to  that  done  by  the  U.  S.  Office  of  Public  Roads  in  the  mountainous 
districts  of  the  West  is  $10  per  mile  for  ordinary  cases  and  $30  per 
mile  for  a  plane  table  sketch  survey  in  difficult  country. 

Ordinary  Preliminary  Investigations. — The  improvement  to  be 
investigated  generally  consists  of  a  combination  of  betterments  of 
existing  roads  with  a  large  percentage  of  relocation  of  the  old  road 
or  the  new  location  of  a  highway  where  no  road  of  any  kind  traverses 
the  territory.  The  length  of  these  projects  ranges  from  5  to  150 
miles.  The  engineer  generally  receives  orders  to  report  on  the 
best  general  route  and  approximate  cost  of  a  road  between  definite 
terminals,  which  requires  more  general  investigation  than  that 
called  for  in  the  preliminary  reports  on  the  high-type  roads  previ- 
ously discussed. 

The  field  work  is  usually  done  by  one  or  two  men  on  foot  or  on 
horseback.  All  possible  different  routes  are  examined.  As  a 
rule,  this  general  examination  eliminates  all  but  one  or  two  possi- 
bilities, which  are  examined  with  care,  sufficient  notes,  photographs, 
etc.,  being  taken  to  make  a  reasonably  close  estimate  of  cost. 
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The  selection  of  general  route  is  based  on  a  comparison  of  the 
following  factors  for  the  different  routes: 

1.  Best  location  for  the  development  of  the  country. 

2.  Longest  open  season  for  use. 

3.  Least  rise  and  fall. 

4.  Feasible  ruling  grades. 

5.  Length  and  cost. 

The  following  engineering  equipment  will  cover  all  requirements 
for  obtaining  the  general  data  and  the  detailed  information  required 
for  a  reasonably  close  cost  estimate. 

2  aneroid  barometers  2^  or  3"  dial  in  leather  carrying  cases. 

Tested  for  range  of  altitude  needed. 
1  Abney  level  reading  to  degrees  and  per  cent. 
1  pocket  compass  2"  floating  card  dial  or,  if  desired, 
1  prismatic  compass  (card  dial  preferred). 
1  4A  Kodak  with  folding  tripod. 
Notebooks,  existing  maps,  etc. 

In  rolling  topography  it  makes  no  difference  in  which  direction 
the  line  is  traced,  but  where  elevation  is  developed  on  a  ruling  grade 
the  work  should  be  done  from  the  highest  point  downhill. 

Where  aneroid  elevations  must  be  depended  on,  considerable  care 
must  be  exercised.  If  one  aneroid  can  be  left  at  a  stationary  point 
and  its  fluctuations  read  at  intervals  during  the  day,  very  accurate 
results  can  be  obtained  when  the  field  aneroid  is  corrected  for  the 
fluctuations,  but  this  is  not  feasible  for" work  of  this  kind,  as  a  rule, 
and  aneroid  elevations  are,  to  say  the  least,  uncertain.  Where  used, 
two  instruments  should  be  carried;  when  reading  they  should  be 
held  horizontal  and  the  crystal  rapped  sharply  with  the  finger  nail 
to  free  the  needle  if  caught,  which  often  happens.  Any  important 
elevations  should  be  determined  at  least  twice,  and  a  return  trip 
made  to  the  original  datum  point  to  check  the  instrument. 

The  general  rise  and  fall  can  be  determined  by  the  aneroids. 

The  approximate  location  of  the  road  for  different  ruling  grades 
can  be  traced  with  the  Abney  level. 

A  rough  traverse  can  be  run  with  the  pocket  compass  or  pris- 
matic compass. 

Distances  can  be  obtained  by  pacing  (pedometer  or  hand  counter) 
by  timing  if  on  horseback,  by  scaling  from  reliable  maps,  or  by  auto- 
meter  if  on  an  existing  road. 

Cross-sections  are  determined  by  the  Abney  level  and  are  taken 
and  recorded  at  sufficient  intervals  to  show  the  general  slope  of 
the  side  hill. 

Classification  of  excavation  and  the  cut  slopes  at  which  excava- 
tion will  stand  depends  on  the  judgment  of  the  engineer  but  must 
be  systematically  recorded. 

Drainage  should  be  carefully  estimated,  particularly  the  larger 
structures,  as  this  item  forms  a  large  percentage  of  the  cost  of  low- 
type  roads. 

Clearing  and  grubbing  are  recorded  by  section. 

Each  engineer  has  his  own  ideas  about  notes  and  it  makes  little 
difference  how  the  data  are  recorded  so  long  as  they  are  clearly  and 
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definitely  set  down  in  such  a  way  that  anyone  can  retrace  the  route 
and  reestimate  the  cost  without  additional  field  work. 

The  main  faults  of  reports  and  notes  are  that  they  are  not  suffi- 
ciently clear  on  facts;  they  generally  run  strong  on  generalities 
and  judgment  and  are  not  worth  the  paper  they  are  written  on  if 
the  author  is  not  available  to  explain  in  detail. 

A  well-arranged  report  should  either  summarize  the  conclusions 
at  the  beginning  and  explain  in  detail  later  or  be  indexed  so  that 
the  conclusions  can  be  readily  located.  A  preliminary  estimate 
should  be  rounded  out  to  even  figures,  as  amounts  figured  to  single 
yards  or  costs  figured  to  odd  figures  of  less  amount  than  10%  of 
the  total  cost  are  merely  ridiculous  and  show  that  the  estimator 
has  lost  track  of  the  relative  accuracy  of  his  work. 

The  following  form  of  notes  serves  in  a  satisfactory  way  when 
supplemented  by  photographs,  sketches,  and  text  descriptions. 

Detail  suggestions  on  photography  are  given  on  page  818. 

Tables  128  and  129  (pp.  786  and  795)  serve  to  give  a  rough 
approximation  of  the  amount  of  excavation  required. 

Drainage  costs  can  be  estimated  on  the  standard  structures 
required  by  the  state  or  government  for  whom  the  work  is  being 
done  or  can  be  approximated  by  reference  to  the  various  standard 
structures  and  costs  shown  in  Chap.  IV  and  Table  133  (p.  797). 
Various  miscellaneous  information  convenient  for  preliminary 
estimates  are  given  on  page  796.  A  rough  approximation  of 
magnetic  declination  can  be  determined  from  the  isogonic  charts 
(pp.  800  to  806). 

Explanation  of  Table  128  (Pages  786  to  793) 

Note. — Quantities  determined  graphically,  using  one-way  crown 
for  single-track  roads  on  all  cross-slopes;  the  two-way  crown  for 
double-track  roads  on  cross-slopes  of  5,  10,  and  150  and  the  one- 
way crown  on  cross-slopes  above  150. 

If  for  any  reason  it  is  desired  to  use  a  two-way  crown  on  single- 
track  roads  for  cross-slopes  below  150,  reduce  the  quantities  shown 
in  the  table  by  about  25%.  For  the  use  of  a  two-way  crown  above 
1 50  cross-slope,  special  computations  will  have  to  be  made. 

To  illustrate  the  use  of  this  table  the  approximate  excavation 
for  the  notes  shown  in  Fig.  265  (p.  784)  will  be  figured. 

From  Stas.  o  to  5  the  natural  side  or  cross-slope  of  the  ground  is 
iven  as  50.  In  this  case  a  turnpike  section  can  be  used,  say  T-12. 
Turn  to  page  786  and  under  Sec.  T-12  for  a  50  cross-slope  the 
excavation  is  given  as  $^  cu.  yd.  per  100',  or  165  cu.  yd.  for  500 
ft.  This  will  be  increased  20%  according  to  judgment  for  profile 
inequalities  which  gives  200-cu.  yd.  earth  excavation  from  Stas. 
I  to  5. 

From  Stas.  5  to  10  there  is  a  150  cross-slope.  Suppose  an 
estimate  for  a  minimum- width  single-track  road  S-10  is  being 
figured.  Look  on  page  787,  and  for  a  cross-slope  of  150  and  a  cut 
slope  of  1 : 1  the  table  gives  46  cu.  yd.  per  100',  or  230  cu.  yd.  for 
500'.  Increase  this  by,  say,  20%  for  inequalities  in  profile,  which 
gives  276  cu.  yd.     Estimate  the  percentage  of  this  classed  as  rock, 
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say,  10%,  and  the  result  is  250  cu.  yd.  for  common  excavation 
and  26  cu.  yd.  of  solid  rock. 

In  a  similar  way  estimate  Stas.  10  to  20. 

From  Stas.  20  to  25  the  notes  record  a  ground  cross-slope  of  350. 
This  calls  for  a  retaining-wall  section  (see  p.  792),  Sec.  W-8  for  a 
350  cross-slope.  The  table  gives  the  following  quantities  for  100': 
55  cu.  yd.  of  wall  masonry,  100  cu.  yd.  of  excavation. 

Multiply  this  by  5  for  500',  add  a  percentage  for  inequalities 
of  profile,  and  estimate  per  cent  of  solid  rock. 

From  Stas.  25  to  30  the  notes  show  a  rock  ledge  with  a  face 
slope  of  500.  This  calls  for  a  section  benched  out  of  the  solid 
ledge.  See  page  793,  use  Sec.  S-8,  the  minimum  single-track 
section  for  a  cross-slope  of  500,  which  gives  350  cu.  yd.  Rock 
excavation  per  ioo',  or  1750  cu.  yd.  for  500'. 

If  turnout  sections  for  passing  rigs  are  desired,  figure  the  excess 
quantities  by  referring  to  the  parts  of  the  table  dealing  with  the 
double-track  widths. 
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PRELIMINARY  INVESTIGATIONS 


Approximate  Quantities  Wall  Section  Minimum 

Single-track  Road,  Sec.  W-8 
Double-track  Road,  Sec.  W-12 


1.5  or  2.0 


TYPICAL  SECTIONS 

30°  &  35°  Slopes 

Ditch  Excavation  Makes 

Fill  Back  of  Wall 


TYPICAL  SECTIONS 
40  &  45  Cross  Slopes 
Borrow  Fill  Required 


Note. — Rough  rubble  masonry  walls  to  have  outside  face  batter  of  3"  to 
1'  and  a  bottom  width  of  }■£  the  height.  The  foundation  to  be  carried  to 
a  firm  strata. 


Natural 

Ground 

Cross 

Slope 

Approximate  Quantities  per  100'  of  Road  for  W-8  Section 

Wall 
Masonry 

Ditch 
Excavation 
Used  in  Fill 

Borrow 

Excavation 

for  Balance 

of  Fill 

Wall 

Excavation 
Waste 

Total 
Excavation 

*30° 
35° 
40° 
45° 

46  cu.  yd. 

55    "    " 
100   "    " 
135   "    " 

55  cu.  yd. 
80    "      " 
30    "      " 
45    "      " 

None 
None 
90  cu.  yd. 
100   "     " 

15  cu.  yd. 
20    "      " 
35    "      " 
45    "      " 

1 

70  cu.  yd.  1 

100    "      "     1 

155    "      " 
200    " 

Table  for  Minimum  Double  Track  Section  W-12 


1 

Natural 

Ground 

Cross 

Slope 

Approximate  Quantities  per  100' 

Wall 
Masonry 

Ditch 
Excavation 
Used  in  Fill 

Borrow 

Excavation 

for  Balance 

of  Fill 

v     Wali-               Total 
Excavation  |  Excavation 
Waste       1 

•30° 
35° 
40° 
45° 

65  cu.  yd. 

90   "    " 
180   "    " 
250   "    " 

100  cu.  yd. 

140   "      " 

30   "     " 

45   "      " 

None 

None 
200  cu.  yd. 
250   "    " 

15  cu.  yd. 
20   "    " 
45    "    " 
80    "    " 

115  cu.  yd. 
160    "     " 
275    "     " 
375    "      " 

Note. — Above   45°   ground   slope   use    Rock    Bench   Sections,   except  in 
unusual  cases. 

*  Retaining  wall   section   on  300    cross    slope  is    not    usually  economical. 
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Table  of  Approximate  Quantities  Road  Benched  Out  of  Rock 


TYPICAL  BENCH 
SECTION 


Using  S-8,  S-io,  S-12,  S-14,  S-16 


Natural 

Slope  of 

Face  of 

Rock 

Ledge 

Cut 
Slope 

Approximate  Excavation  in  Cu.  Yd.  per  100'  for 
Different  Sections 

*S-8 

S-10            **S-i2             S-14 

S-16 

50° 

6o° 
70° 
8o° 

Vertical 

Half 
Tunnel 

350cuyd 
600  "    " 

560  "    " 
460  "    " 

500  cu  yd 
850  "    " 
800  "    " 
550  "    " 

660  cu  yd 
1,200  "  *' 
1,050   "   " 

680  "    " 

370  cu  yd 
1.550  "    " 
1,400  "    " 

1,100  cu  yd 
2,000    "    " 
1,800    "    " 

•  Minimum  width  single  track  in  rock. 
**  Minimum  width  double  track  in  rock. 


Approximate  Amounts   of  Emeankment  and  Excavation  for 
Different  Center-line  Cuts  and  Fills,  Ground 
Surface  Assumed  Level 
(See  page  794.) 
Ground-Surface  .Level 


>^A\^/A\^^A\\^M^W/A^^^-/A\\\^^ 


Ground  Surface  Leval 
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MISCELLANEOUS  INFORMATION  OF  VALUE  IN  MAKING 
PRELIMINARY  INVESTIGATIONS  AND  ESTIMATES 

Table  130. — Conversion  Per  Cent  of  Grade  to  Degrees  oj 

Vertical  Angle 

(For  use  in  tracing  grade  with  transit  or  Abney  Level) 

Per  Cent.  Degrees     Per  Cent.  Degree 

5°  09' 

5°  43' 

6°  17' 

6°  si' 

7°  24' 

7°  58' 

8°  32' 


o°  35' 

9 

i°  09' 

10 

xo43; 

11 

2°  1 8' 

12 

2°  52' 

13 

3°  26' 

14 

4°  oo' 

15 

4°  35' 

Table  131. — Table  of  Acres  per  Station  of  100  Feet  and  pe  - 
Mile  for  Different  Widths  of  Clearing  or  Right 

of  Way 


i 


Acreage 

Width  of  Strip 

Per  ioo' 

Per  Mile 

30  ft 
40" 

60  " 

70 

80" 

0 .  069  acres 
0.092     " 
0.115      " 
0.138      " 
0.161      " 
0.184      " 

3 
4 
6 

7 
8 

9 

636  acres 

849     " 
061      " 

2  73     " 
485     " 
697     " 

90" 

0.207      " 

10 

909     " 

IOO  " 

0.230      " 

12. 121 

Table  132. — Range  in  Unit  Estimate  Prices  (1918  Cost 
Conditions  Rocky  Mountain  District) 

Clearing  and  grubbing: 

Sage  brush $  10-$  50  per  mil 

Light  clearing 20-     60  per  aci 

Medium  clearing 60-  150  per  aci 

Heavy  clearing 150-  300  per  acr 

Excavation: 
Common: 

Machine  turnpiking $  o.  15-$  o.  25  per  cu.  yd 

Wheel  scraper  and  machine  finish     0.25-  0.35  per  cu.  yd, 

Wagon  haul  and  machine  finish     0.40-  0.60  per  cu.  yd 
Side-hill     plow,     scraper,     and 

machine o.  35-  o.  75  per  cu.  yd. 
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Table  132 — Continued 

Disintegrated  rock  or  dry,  hard  clay: 

Considerable  hand  work  or  shoot- 
ing    o .  75-  1 .  00  per  cu.  yd. 

Solid  rock: 

Blasting  open  cut,  per  cubic  yard  o .  80-  2 .  00  per  cu.  yd. 

Tunnel  work 4  •  00-  5 .  00  per  cu.  yd. 

taining  walls: 

Rough  dry  rubber  masonry 1 .  00-  3 .  00  per  cu.  yd. 

Mortar  rubber 4 .  00-  8 .  00  per  cu.  yd. 

ncrete 6.00-20.00  per  cu.  yd. 

tnber  and  lumber 30.00-80.00  per  cu.  yd. 

rpenter  work: 

Simple  structures $  5.00-10.00  per  M  ft.  B.M. 

Truss  framing,  etc 10.00-20.00  per  M  ft.  B.M. 

:ble  133. — Approximate  Cost  per  Foot  of  Length,  Small 
Drainage  Structures 


Size  of  Opening 

- 

Kind  ok  Structures 

Corru- 

** 

* 

Vitrifie 

d          gated 

Cas 

t  Iron  Concrete 

Log 

Pipe 

Metal 
Pipe 

h 

ipe          Boxes 

Culverts 

12" 

$o.6c 

>           $1.25 

$: 

>  .00 

15"  or  16" 

0.9c 

)              I  . 

So 

>  .90 

18" 

I  .  IC 

)              I . 

80 

5.40 

24" 

2.0c 

3               2. 

75 

i 

;so 

36" 

3-7. 

>            4- 

00 

48" 

6. 

So 

2'   X   2' 

3-75 

$1.50 

2'X3' 

4.80 

I.70 

3'  x3' 

5 .  40 

2.30 

3'X4' 

6 .  00 

2.8o 

4'  X4' 

6.75 

3.00 

4'  X  5' 

8.00 

3.60 

5'X5' 

8.70 

4.00 

Based  on  $50  per  ton  in  place. 
**  Based  on  $  10  per  cubic  yard  in  place. 

Culvert  Data. — Local  conditions  must  be  considered  in  prices  of 

iterials,  haul,  etc.,  for  a  close  estimate. 

Table  199  (p.  1080)  gives  weights  of  corrugated  pipe. 

Table  197  (p.  1079)  gives  weights  of  cast-iron  pipe. 

Quantities  of  concrete  can  be  figured  from  standard  designs 

/en  in  Chap.  IV. 

Timber  in  superstructures  can  be  figured  from  standard  designs 

Chap.  IV. 

The  summarized  data  shown  in  Table  133  will,  however,  act  as 

rough  guide. 
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Table   134. — Amounts  of  Masonry  in  Two  Abutments  an  I 

Four  Wings  for  Various  Heights  of  Abutment  for  Small 

span  Timber  Bridge  Superstructures  with  16' 

Roadway 

(H  =  height  from  bottom  of  foundation  to  bridge  seat) 


: 


H  in  Feet 


Cubic  Yards 


Concrete 


Masonry 


6 

7 
8 

9 
10 
12 

14 
16 
18 

20 


24  cu.  yd. 

32  ' 

40  l 

52  ' 
62  ' 

« 

90  l 

133 
180  ' 

t 

230  ' 

295  ' 

29  cu.  yd 

38" 

49  " 
60  " 

74" 

153  " 
200  " 
260  " 
325  " 


Compiled  from  Plate  74,  (p.  265). 


Table  135. — Approximate  Amount  of  Timber  in  Small-sp, 
Stringer  Bridge  Superstructures  Having  i6'  Roadway 
and  Figured  to  Carry  a  20-TON  Load 
(Figured  from  Plate  79,  p.  294) 


Clear  Span 


Feet  B.  M. 


Pounds  Hardware 


6  ft. 

8  " 

10  " 

14  " 
18  " 


1000 
1400 
1700 
2500 
3300 


70  pounds 
90       " 
no        " 

130    " 

ISO       " 


Note. — For  timber  spans  30  to  50',  see  Plates  81  and  82  (p 
301  to  302). 

Pile  abutments  can  be  figured  from  Plate  79,  (p.  294). 

Net  Volume  of  Logs  in  Board  Measure. — A  convenient  appro: 
mate  rule  for  computing  the  net  number  of  feet,  board  measure, 
sawed  timbers  in  logs  is  as  follows: 

Diameter  in  inches  X  radius  in  inches  _  Feet,    board  measui 
12  per  foot  of  log. 
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Example. 

Suppose  a  log  10'  long,  12"  in  diameter. 

Diameter  X  radius  ,  ,   ,         ,        ,  , 

=  number  of  feet,   board   measure,   per  foot 

12 

of  log. 

12  X  6  =  6'  B.  M.  per  foot  X  10'  =  60'  B.  M. 

12 

Steel  Bridges. — The  diagrams  on  page  763  taken  from  various 
.ources  will  serve  as  a  basis  for  rough  estimates  on  longer-span 
teel  highway  bridges.  They  are  figured  for  a  live  load  of  100  lb. 
)er  square  foot  and  presumably  for  a  plank  floor.  They  are  of 
nuch  lighter  construction  than  called  for  on  heavy-traffic  roads 
vhere  solid  floors  and  a  heavier  loading  are  gaining  favor. 

These  diagrams  are  useful  as  a  basis  of  estimating  dead  loads  of 
Id  bridges.  The  amounts  of  steel  for  modern  bridges  is  given 
>n  pages  760  and  761. 

Magnetic  Declination. — The  following"  isogonic  charts  give  the 
pproximate  magnetic  declination  for  states  east  and  west  of  the 
Mississippi  for  Jan.  1,  1915.  The  yearly  change  is  given.  These 
harts  will  give  a  value  close  enough  for  preliminary  investigation 
Durposes.  For  meridian  determination  for  location  surveys,  see 
~hap.  XIII,  Polaris  and  Solar  Meridians. 

Explanation  of  Plates  pages  800  and  806  (Taken  from  U.  S.  Coast 
and  Geodetic  Chart) 

The  solid  lines  on  these  charts  are  lines  of  equal  magnetic 
declination. 

The  dot  and  dash  lines  are  lines  of  equal  yearly  rate  of  change  in 
the  magnetic  declination. 

The  charts  show  the  magnetic  declination  for  Jan.  1,  19 15. 

Lines  marked  "East  Declination"  mean  that  the  north  end  of  the 
magnetic  needle  points  east  of  true  north. 

Lines  marked  "West  Declination"  mean  that  the  north  end  of 
the  needle  points  west  of  true  north. 

For  localities  east  of  the  line  of  no  annual  change  the  north  end 
3f  the  magnetic  needle  is  moving  west.  For  localities  west  of  this 
ine  it  is  moving  east  at  the  rate  shown  by  the  lines  of  annual 
:hange.  The  location  of  the  line  of  no  annual  change  is  shown  on 
pages  804  to  806. 
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Fig.  266. — Magnetic  declinations  (1915). 
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Fig.  266. — Magnetic  declinations  (1915). — (Continued.) 
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Fig.  266. — Magnetic  declinations  (1915). — (Continued.) 
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Fig.  266. — Magnetic  declinations  (1915). — (Continued*) 
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Fig.  266. — Magnetic  declinations  (191 5). — (Continued.) 
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FlG.  266. — Magnetic  declinations  (1915). — (Continued.) 
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The  following  sample  report  shows  a  form  in  ordinary  use  for 
eliminary  investigations,  which  covers  the  information  required. 

DPORT  ON  PRELIMINARY  INVESTIGATION  OF  THE  RED  GAP- 
BIG  BEAR  RANCH  HIGHWAY  IN  PATERSON  AND  GRANT 
COUNTIES,  STATE  OF  ,  1919 

tate  Commissioner  of  Highways, 

)ear  Sir: 

'Complying  with  your  request  of  May  10,  a  preliminary  investigation  of 

i  proposed  Red  Gap-Big  Bear  Ranch  Highway  was  made  June  1  to  10. 

There  is  only  one  feasible  route,  via  Clear  River  Ranch,  Coal  Basin, 
•ay  Horse  Divide,  See  Creek,  and  Blackwater  River,  a  total  distance  of 
miles.  This  route  is  free  from  snow  7  months  in  the  year.  A  double- 
ck  road  from  Red  Gap  to  Coal  Basin  and  a  single-track  road  with  turnouts 
permanent  drainage  structures  for  the  remaining  distance  will  cost 
proximately  $  175,000. 

'In  case  the  entire  project  cannot  be  undertaken  by  one  appropriation, 
ecommend  the  following  order  of  construction  of  the  various  sections 
>wn  on  the  accompanying  map  (p.  268). 

First  in  importance G  4,  G  5, 

Second  in  importance G  7, 

Third  in  importance G  6, 

Fourth  in  importance G  2,  G  3, 

Fifth  in  importance 6  1,  P  1,  P  2, 

Sixth  in  importance P  3,  P  4, 

Seventh  in  importance P  5, 

The  report  in  detail  follows. 

Signed, 
Field  Engineer. 
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'  The  field  notes  on  which  this  report  is  based  can  be  found  in  Field  Book 
},  Preliminary  Investigation  file. 


1.  Introduction 

'It  is  proposed  to  build  a  new  road  over  Stray  Horse  Divide  connecting 
:  valleys  of  the  Clear  and  Blackwater  Rivers  and  to  improve  the  location, 
.de,  and  width  of  the  existing  roads  in  these  valleys.  The  highway  will 
end  from  Red  Gap  in  Paterson  County  to  Big  Bear  Ranch  in  Grant 
unty,  a  distance  of  approximately  30  miles.  It  will  open  up  a  valuable 
ming  section  on  the  upper  Blackwater  River  and  will  afford  more  direct 
nmunication  between  these  two  counties. 
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2.  Length  in  Counties  and  Benefits 


"Paterson  County. — Red  Gap  to  Stray  Horse  Divide,  8  miles. 

"Grant  County. — Big  Bear  Ranch  to  Stray  Horse  Divide,  22  miles. 

"Paterson  County  will  be  benefited  by  a  better  and  quicker  connectic 
with  communities  to  the  south  and  by  the  large  amount  of  tourist  trav 
which  will  undoubtedly  use  this  road. 

"Grant  County  will  gain  a  more  direct  route  to  an  isolated  portion  of  i 
territory  and  will  help  the  development  of  a  promising  farming  section  ( 
the  upper  Blackwater  River. 

"While  none  of  this  road  lies  in  Socorro  County,  this  county  will  be  mo 
directly  benefited  than  Paterson  County,  as  the  natural  outlet  for  tra> 
and  produce  up  the  Blackwater  lies  toward  Lochiel. 

3.  Methods  of  Investigation 

"Field  Work. — The  entire  line  was  covered  twice  on  foot  June  1  to  ] 
noting  the  controlling  points  (aneroid  elevations),  the  general  classificati 
of  materials,  the  side-hill  slopes,  and  reasonable  ruling  grades. 

"Office  Work. — The  office  estimate  is  based  on  paced  distances  check 
by  Forest  Service  maps  and  maps  of  the  Clear  River  R.  R. 

"The  excavation  per  running  foot  on  side-hill  work  is  based  on  cross-slot 
taken  with  an  Abney  level  at  frequent  intervals  and  is  figured  on  the  princij 
of  balanced  side-hill  sections,  adding  different  percentages  for  inequalit 
in  profile. 

"  The  classification  of  excavation  is  made  roughly  from  notes  on  the  gene 
character  of  the  formations. 

"The  drainage  is  approximated  for  the  smaller  structures.  The  larf 
bridges  are  noted  in  more  detail. 

"Estimates  have  been  prepared  for  various  widths  of  roadway. 

4.  Present  Condition  of  Roads  and  Trails 

"Paterson  County  (Red  Gap  to  Stray  Horse  Divide).— There  is  a  f 
wagon  road  from  Red  Gap  to  Clear  River  Ranch,  about  2  miles  south;  a  sc 
but  poor  wagon  road  from  this  point  to  Coal  Basin;  a  fair  road  from  C 
Basin  to  Stray  Horse  Station;  and  a  well-marked  but  steep  trail  from  t 
point  to  the  top  of  Stray  Horse  Divide. 

"Grant  County  (Stray  Horse  Divide  to  Big  Bear  Ranch). — There  is 
easy  trail  from  Stray  Horse  Divide  to  Blackwater  River,  approximat 
8  miles;  a  very  poor  wagon  road  down  Blackwater  River  from  See  Creek 
Adams  Ranch,  approximately  9  miles.  The  road  between  these  poi 
crosses  the  river  eight  or  ten  times  by  fords  and  cannot  be  used  at  all  if 
water  is  much  above  low  stage.  Under  the  best  conditions  a  good  te 
cannot  haul  over  1  ton. 

"From  Adams  Ranch  to  Big  Bear  Ranch  (about  5  miles)  the  road  is  p< 
and  dangerous  in  many  places.     It  is  so  steep  that  iJ-2  tons  is  about 
maximum  load  for  an  exceptionally  good  team  under  the  best  conditions 

"While  this  project  ends  at  Big  Bear  Ranch  it  should  be  noted  that  if  j 
road  from  this  point  to  Lochiel  in  Socorro  County,  the  nearest  railroad  poi 
is  not  improved  the  value  of  this  project  will  be  practically  lost.  The  pi 
ent  road  to  Lochiel  is  dangerous,  limits  a  team  load  to  about  ij<£  tons,  a 
will  be  an  expensive  road  to  improve.  I  estimate  roughly  that  $40,000  ^ 
be  required  to  put  it  into  reasonably  good  shape. 


5.  General  Topography 

"Paterson  County  (Red  Gap  to  Stray  Horse  Divide.  See  photographs  i 
10). — From  Red  Gap  south  for  about  2}£  miles  the  topography  is  abru 
Red  sandstone  and  conglomerate  cliffs  and  dykes  hold  the  road  local 
closely  to  the  Clear  River.  From  this  point  to  about  }>i  mile  south  of  C 
Basin  occasional  cliffs  occur,  but  a  careful  location  will  avoid  them  and  it  \ 
be  possible  to  gain  some  elevation  along  the  sides  of  the  valley.  From  I 
point  to  Stray  Horse  Divide  and  for  a  couple  of  miles  south  of  the  pass  th 
are  no  cliffs,  and  while  the  slopes  are  steep,  averaging  25  to  400,  the  locat 
can  be  placed  at  any  desired  elevation.  This  strip  of  country  is  fortunat 
favorable  to  location. 
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"Grant  County  (See  photographs  11  to  30). — From  Stray  Horse  Divide  to 
hompson's  Ranch  the  formation  is  favorable  for  location  on  any  desired 
ade.  Few  rock  outcrops  occur.  The  slopes  average  20  to  25°. 
"From  Thompson's  Ranch  down  See  Creek  is  an  ideal  road  location.  No 
lid  rock,  very  little  loose  rock,  easy  water  grade.  The  side  slopes  average 
0  for  one-half  the  distance  and  20°  for  the  balance  of  the  way. 
"From  the  junction  of  See  Creek  and  Blackwater  River  down  the  east 
ie  of  the  Valley  to  Buck  Creek  the  location  is  easy  on  a  side  hill,  averaging 
"  side  slope.  There  are  no  rock  outcrops  and  very  little  loose  rock.  An 
sy  grade  can  be  obtained. 

"From  Buck  Creek  to  Spring  Creek  along  the  side  hill  on  the  east  side  of 
ackwater  River  the  following  conditions  prevail :  Average  side-hill  slope  30° ; 

mile  of  rock-ledge  slope  of  face  approximately  6o°.  Expensive  work 
nnot  well  be  avoided,  but  an  easy  grade  can  be  obtained. 
"From  Spring  Creek  to  Adams'  Ranch  the  formation  on  the  east  side  of  the 
lley  is  favorable  for  location  at  some  distance  away  from  the  river.  A 
ling  grade  of  5  %  can  be  obtained  at  the  worst  places  and  ordinarily  the 
ade  is  light.  Benches  and  side-hill  slopes  are  easy,  averaging  150  for  one- 
lf  the  distance  and  300  for  the  remainder. 

"From  Adams'  Ranch  to  Big  Bear  Ranch  the  best  location  lies  on  the 
st  side  of  the  valley.  Difficult  country  is  encountered — heavy  scrub-oak 
ush,  many  large  boulders,  and  considerable  solid  rock.      The  river  changes 

channel  frequently  and  any  permanent  road  location  must  be  placed 
yond  its  reach,  necessitating  expensive  work. 

"The  natural  soil  from  Big  Bear  Ranch  to  Adams'  Ranch  is  very  slippery 
len  wet.  To  get  a  good  safe  road  Creek  Gravel  should  be  used  as  surfacing, 
less  the  roadbed  is  sloped  toward  the  hill  (one-way  crown)  any  of  this 
;ation  will  be  dangerous  in  wet  weather.  This  same  condition  applies  in 
less  marked  degree  all  the  way  up  Blackwater  River  to  See  Creek. 


Fig.  267. 


6.  Proposed  General  Route 

"Paterson  County. — From  Red  Gap,  the  proposed  road  follows  the 
ssent  road,  with  some  modifications  to  avoid  unnecessary  rise  and  fall,  to 
;  first  crossing  of  the  Clear  River  about  1^4  miles  south  of  Red  Gap. 
om  this  point  to  the  mouth  of  the  Canyon,  about  }?i  mile,  the  location  is 
en  to  argument.  The  existing  road  crossed  the  river  twice  (see  sketch), 
ith  of  these  bridges  were  wrecked  by  the  flood  of  19 18  and  temporarily  the 
,vel  is  using  the  railroad  track  between  these  points. 

'With  the  permission  of  the  railroad  it  would  be  possible  to  widen  out 
;  cut  on  the  west  side  of  the  track  and  tunnel  or  half  tunnel  for  about 
)'  around  the  rock  bluff  point,  eliminating  the  two  bridges  and  two  railroad 
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crossings.  On  the  other  hand,  the  road  would  be  very  close  to  the  track  fo 
yi  mile  and  would  in  my  opinion  be  more  dangerous  for  horse  traffic  than  thi 
old  location  requiring  two  bridges.     The  bridge  location  is  recommended 

"From  the  mouth  of  the  gorge  the  road  will  follow  approximately  th 
location  of  the  present  highway  to  the  top  of  Canyon  Hill  and  thence  on  « 
new  location  along  the  west  side  of  the  Clear  River  Valley  to  Stray  Hors* 
Divide. 

"Grant  County. — Beginning  at  the  county  line  at  Stray  Horse  Divide  ; 
new  location  will  follow  down  the  north  side  of  See  Creek  to  a  point  abou 
2%  miles  southwest  of  Thompson's  Ranch  and  thence  along  the  south  am 
east  side  of  See  Creek  and  Blackwater  River  to  Adams'  Ranch.  At  Adams 
Ranch  the  road  will  cross  to  the  west  side  of  the  valley  and  remain  on  thi 
side  to  Big  Bear  Ranch,  the  end  of  the  proposed  improvement  varying  some 
what  from  the  location  of  the  present  road  to  better  short  sharp  grades  an 
to  avoid  creek  flood  areas. 


7.   Controlling  Points  (Aneroid  Elevations) 


Paterson  County: 

Stray  Horse  Divide 9200 

Bench  between  cliffs  at  Coal  Basin 8200 

Top  of  Canyon  Hill 8100 

Bottom  of  Canyon  Hill 7930 

Red  Gap 7800   . 

Grant  County: 

Stray  Horse  Divide 9200 

Thompson's  Ranch 7900 

2\4  miles  southwest  of  Thompson's  (see  Creek  Crossing) 7500 

Bench  between  cliffs  between  Buck  and  Spring  Creek 715c 

Adams  Ranch 678c 

Big  Bear  Ranch 66oc 


8.  Description  of  Location  Problems  between  Controlling  Points 
Paterson  County 


:: 


I 


i 


2 


"Stray  Horse  Divide  to  Coal  Basin. — The  difference  in  elevation  of  the: 
two  points  is  approximately  1000'.  The  direct  distance  is  about  1%  mile 
In  order  to  get  a  good  grade  and  come  somewhere  near  Coal  Basin,  whic 
is  probably  desirable,  it  will  be  necessary  to  run  south  from  Stray  Hon 
Divide  and  then  turn  north.  In  this  way  any  required  ruling  grade  can  1 
obtained  and  the  length  of  road  will  depend  entirely  on  the  grade  selectc 
The  switchback  can  be  made  without  too  great  cost  by  a  careful  locatio: 

1  recommend  a  5%  grade  with  a  length  of  4  miles.  The  road,  in  genera 
will  follow  the  contours.  Two  pronounced  gulleys  are  crossed  which  can  1 
bridged  or  filled  as  determined  onthe  location  survey . 

"  By  the  use  of  a  6  to  7%  grade  it  is  possible  to  run  direct  from  Stray  Hor: 
Divide  to  the  top  of  Canyon  Hill.  This  solution  should  be  carefully  invest 
gated,  but  does  not  seem  to  be  as  good  as  the  5%  location,  as  the  topograph 
is  not  as  favorable  for  location  and,  while  it  is  shorter,  the  lighter  grade  is  1 
be  preferred  and  the  extra  length  of  road  south  of  the  divide  will  be  utilize 
in  the  future  as  a  part  of  the  road  to  Stone  Quarry. 

"Coal  Basin  to  Top  of  Canyon  Hill. — Approximate  length  1%  mile 
Along  contour  of  steep  side  hill  for  approximately  *?£  mile  and  then  alor 
bench  cut  up  by  small  swales  and  knolls.  No  special  features.  Grade  ar 
convenient  to  fit  topography.  No  grade  problem  on  this  section.  Excav; 
tion  largely  earth  and  loose  rock.      One  20'  span  bridge  required. 

"Top  of  Canyon  Hill  to  Bottom  of  Canyon  Hill  at  Mouth  of  Gorge. — Appro:  (~s 
imate  length  0.6  mile.  Along  side  of  Canyon  following  present  highwa 
closely.  Largely  a  question  of  equalizing  grade  by  cut  and  fill.  From  ane 
oid  elevations  and  Abney  level,  I  judge  that  a  6%  grade  can  be  obtains 
Certainly,  a  7%  can  be  built.  This  section  of  the  road  will  be  expensii 
and  will  govern  the  ruling  grade  from  Red  Gap  to  Stray  Horse  Divide.  Tl 
excavation  will  be  approximately  50%  solid  rock.  One  20'  span  bridge  w 
be  required. 

"Mouth  of  Gorge  (at  Bottom  of  Hill)  to  Red  Gap. — Approximate  lengl 

2  miles.  From  mouth  of  gorge  3>i  mile  south  to  wagon  road  on  the  west  sic 
of  the  river  the  location  is  the  most  expensive  of  the  entire  project.  Th 
strip  will  require  either  two  bridges  or  heavy  rock  work,  as  previously  di 
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ussed.  The  bridges  are  recommended.  From  this  point  to  Red  Gap  there 
re  no  difficult  problems,  as  the  road  will  follow,  in  general,  the  present  loca- 
ion  and  can  be  cheaply  built.  Another  bridge  at  Red  Gap  will  better  the 
ocation  ar.d  increase  the  convenience  of  the  road. 

Grant  County 

"Stray  Horse  Divide  to  Thompson's  Ranch. — The  difference  in  elevation 

approximately  1300'.  It  is  desirable  to  get  down  to  a  natural  bench  at 
Thompson's  ranch.  The  length  of  road  between  these  points  will  depend 
n  the  ruling  grade  selected.  As  it  is  a  long  climb,  I  recommend  5%  with  a 
;ngth  of  5  miles,  which  can  be  obtained  with  one  switchback  turn.  The 
ountry  is  favorable  for  location.  Excavation  is  largely  earth  and  some 
Dose  rock. 

Thompson's  Ranch  to  See  Creek  Crossing. — Approximate  length  2^i 
liles.  Ideal  road  location  on  bench.  Easy  grade.  Excavation  practically 
11  earth.  Plow  and  machine  scraper  work.  No  grade  problem.  One  20' 
pan  bridge  required. 

"See  Creek  Crossing  to  Buck  Creek. — Easy  side-hill  location  except 
Dr  )4  mile  of  rock  ledge  near  Buck  Creek.  The  location  should  keep  upon 
he  side  hill  to  avoid  abrupt  river  banks  and  slides  due  to  freshet  scour. 

"Buck  Creek  to  Adams'  Ranch. — Easy  sidehill  and  bench  location. 
Jo   difficulty   in   obtaining  grades  less  than  the    maximum.     Excavation 

.rth  and  loose  rock. 

"Adams'  Ranch  to  Big  Bear  Ranch. — Location  problem  one  of  protecting 
oad  from  river  floods,  also  avoiding  ledge  and  large  boulder  rock  work. 
Jo  hard  grade  problem.     Excavation  50%  loose  rock,  boulders,  and  solid 

dge. 

9.  General  Recommendations  and  Costs 

"The  cost  of  construction  under  present  conditions  is  uncertain.  The 
rices  used  in  the  following  detail  estimates  should  be  carefully  noted  in 
Dnsidering  the  possibility  of  cheapening  the  work  by  the  use  of  convict 
ibor.  The  costs  used  are  for  contract  work  and  may  vary  greatly  in  a  short 
.me. 

"I  recommend  for  this  project  a  double-track  side-hill  section  (S-14') 
om  Big  Bear  Ranch  to  Coal  Creek;  a  single-track  side-hill  section  (S-10) 
ith  turnouts  from  Coal  Creek  up  to  Blackwater  River,  See  Creek  over  the 
)ivide,  and  down  to  the  top  of  Canyon  Hill  in  Paterson  County.  A  double- 
•ack  road  from  this  point  to  Red  Gap.     Permanent  culverts  and  bridges. 

uling  grades  of  short  7%  and  long  5%.  Alignment  limited,  as  a  rule,  to  a 
linimum  curvature  of  100'  radius  with  a  few  40'  radii  at  exceptionally  bad 
lace1;. 

"The  cost  of  this  type  of  road  is  estimated  at  approximately  $1 75, 000, 
ivided  as  follows: 

learmg  and  excavation $108,000 

ermanent  culverts 20,000 

ermanent  bridges  over  io'  span 35,000 

ngineering 12,000 


Total $175,000 

"Ii  it  is  not  possible  to  construct  the  entire  project  by  one  appropriation, 
would  be  well  worth  while  to  build  from  Big  Bear  Ranch  to  See  Creek  at 

ice  to  open  up  the  new  farming  section  on  the  Upper  Blackwater.     The 

>st  of  this  portion  of  the  road  would  be  about  $70,000. 

"For  details  and  various  combinations  of  design  see  the  following  estimates 
sections. 

10.  Detail  Estimates 

"Classification   of   Materials. — The   classification   of  excavation    cannot 
accurately  made;  it  is  based  on  the  following  assumptions: 
"Where  the  road  is  located  on  a  bench  near  the  bottom  of  a  slope  which 
>pears  to  be  slide  or  wash  formation  and  no  rock  outcrops  are  visible,  the 
cavation  is  classed  as  99%  common  and  1%  rock. 
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"Where  the  location  is  on  a  steep  main  mountain  slope  of  25  to  350  cov 
ered  with  loose  rock  but  no  solid  rock  outcrops  are  visible,  the  assumptior 
has  been  that  solid  rock  will  be  encountered  6'  back  of  the  slope  surface. 

"Where  occasional  outcrops  occur  rock  is  assumed  4'  back  of  the  surface 

"Any  extended  rock  ledge  has  been  noted. 

Unit  Prices 

Clearing: 

Sage  brush $  30  per  mil< 

Light  brush  and  trees 30  per  acn 

Medium  brush  and  trees 100  per  acn 

Excavation: 

Solid  rock $1  .oo-$i  .50  per  cubic  yarc 

Tunnel  rock 4.00  per  cubic  yarc 

Common  excavation: 

Turnpike  in  earth 0.18  per  cubic  yarc 

Side-hill  plow  and  scraper o  .30-  0 .40  per  cubic  yarc 

Wagon  haul  and  scraper 0 .  40  per  cubic  yarc 

Concrete 12.00  per  cubic  yarc 

18"  corrugated  pipe. 2 .00  per  foot 

Rough  rubber  retaining  wall 2.00  per  cubic  yar< 

"Division  into  Sections. — For  purpose  of  estimating,  the  road  is  dividei 

into  the  following  sections: 

Paterson  County 

Miles 

Sec.  P-i  Stray  Horse  Divide  to  Coal  Basin 4.0 

Sec.  P-2  Coal  Basin  to  top  of  Canyon  Hill 1.8 

*Sec.  P-3  Canyon  Hill 0.6 

*Sec.  P-4  Canyon  Hill  to  Clear  River  Ranch 0.2 

*Sec.  P-5  Clear  River  Ranch  to  Red  Gap 1.7 


Total  Paterson  County 8.4 

Grant  County 

Sec.  G-i  Stray  Horse  to  Thompson's  Ranch 5.0 

Sec.  G-2  Thompson's  Ranch  to  See  Creek  Crossing 2.5 

Sec.  G-3  See  Creek  Crossing  to  Blackwater  River 1 .0 

*Sec.  G-4  See  Creek  and  Blackwater  to  Buck  Creek 2.5 

*Sec.  G-s  Buck  to  Spring  Creek 2.0 

*Sec.  G-6  Spring  Creek  to  Adams'  Ranch 4.5 

*Sec.  G-7  Adams'  Ranch  to  Big  Bear  Ranch 4.3 


Total  Grant  County 21.8 

"Note. — See  map  for  location  of  these  sections.  The  sections  marke 
with  a  *  have  a  poor  wagon  road  at  present,  which,  however,  can  be  usee 
Sections  having  no  star  require  new  construction  to  permit  wagon  traffic. 

"Estimate  of  Sections.     Sec.  P-l. —  (Length  4.0  miles.) 
"Clearing. — Six  acres  per  mile  for  3  miles  =  18  acres  at  $100  =  $1800. 
"Drainage. — Say  10  culverts  per  mile  for  4  miles  at  $700  per  mile  =  $28oc 
"Excavation    for    Double-track    Road. — Side-hill    slope    averages     27' 
Excavation   per   mile   for   balanced    section   S  =  14   equals   approximatel 
13,000  cu.  yd.  for  a  1:1  cut  slope,  which  is  considered  safe  for  this  materia 
Add  25%  for  inequalities  of  profile,  giving  16,200  cu.  yd.  per  mile,  or  55,00 
cu.   yd.  for  4  miles.     It  is  estimated  that  20%  of  this,  or  11,000  cu.  yd.,  : 
rock  excavation  and  the  balance,  44,000  cu.  yd.,  is  common. 

44,000  cu.  yd.  common  at  $0.40 ' $17,60 

11,000  cu.  yd.  rock         at     1.20 13.20 


Total  excavation $30,80 

Excavation  for  single-track  road  S-10: 

Excavation  per  mile  balanced  section 7,400  cu.  yd. 

Add  for  profile  25% 1.850  cu.  yd 

9,200  cu.  yd. 
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Assume  10%  rock 900  cu.  yd.  per  mil© 

Assume  common  excavation 8,300  cu.  yd.  per  mile 

Cost  of  excavation  for  4  miles: 

3,600  cu.  yd.  rock  at  $1.50 $  5,400 

33.000  cu.  yd.  common  at  $0.33 11,000 

Add  for  turnouts,  five  to  the  mile: 

500  cu.  yd.  rock  at  $1.20 600 

1,500  cu.  yd.  common  at  $0.40 600 


Total |i7,6oc 

Summary  of  cost,  Sec.  P-i: 

Double-track  Road  Single-track  Road 

Clearing $  1,800     Clearing $   1.80c 

Drainage 2,800      Drainage 2,8o< 

Excavation 30,800     Excavation 17,60c 


$35,400  $22,20C 

Contingencies, 

wall,  etc 2,600      Contingencies i,8o< 


$38,000  $24,00< 

Equals  $9,500  per  mile  Equals  $6,ooo  per  mile 

Estimate  Sec.  P-2  (length  1.8  miles) : 

0.8  mile  similar  to  Sec.  P-i 
1.0  miles  average  side  slope  150 
Estimate  of  the  easy  mile  (side  slope  150) 

Clearing  6  acres  at  $50 $30 

Drainage  (ordinary) 50 

20'  span  bridge 80 

Excavation  (see  S-14)  3,300  cu.  yd.  per  mile 
Add  for  profile  25%         800  cu.  yd.  per  mile 

4,100  cu.  yd.  per  mile 

Rock  excavation  100  cu.  yd.  at  $1.50 $   15 

Common  excavation     4,000  cu.  yd.  at    0.30 1,2c 


$2,95 
Contingencies 15 


Total $3,ic 

Summary  P-2: 

Double  Track  Part  Single  an 

Part  Double 
0.8  mile  similar  to  P-i 

at  $9,500  per  mile  =  $7,600 

at  $6,000  per  mile  =  $4, 8c 

1.0  miles  as  per  3,1c    I 

estimate  above  3,100 


$10,700  $7,9( 

Say 11,000  Say 8,0c 


Estimate  Sec.  P-3  (length  0.6  mile).     Double-track  road 
based  on  hand-level  profile: 

Clearing  3  acres  at  $100 $  3< 

3,000  cu.  yd.  common  at  $0.40 1,2c 

3,000  cu.  yd.  rock  at  $1.25 3.7 

Ordinary  drainage 5< 

1  20'  span  bridge < 8( 


$6,5.' 
Contingencies 1 .' 

Total $6,7< 
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stimate  Sec.  P-4  (length  0.25  mile) : 

stimate  1,  based  on  location  requiring  two  bridges  over  the  Clear  River. 

Clearing $        20 

1,000  cu.  yd.  common  excavation  at  $0.40 400 

200  cu.  yd.  rock  at  $1.50 300 

400  cu.  yd.  rip- rap  at  $  1 .00 400 

2  (80'  span  solid-floor  steel-truss  bridges) 16,000 

1  (20'  span  concrete  bridge) 800 

$17,920 

Say 18,000 

Istimate  2,  based  on  half  tunnel  west  of  track. 

Clearing $        30 

S.ooo  cu.  yd.  of  common  exc.  at  $0.40 2,000 

4,500  cu.  yd.  rock  tunnel  work  at  $4.00 18,000 

Stone  wall  between  track  and  road 900 


$20,930 

Say $21,000 

stimate  Sec.  P-5  (length  1.75  miles).     Double-track  road 
kpproximately  same  cost  per  mile  as  Sec.  P-2  on  the  easy  mile: 

1.75  miles  at  $3,100  per  mile $  5.425 

Possible  bridge  at  Rip  Gap 8,000 

$13,425 
Say 14,000 

Summary  of  Costs,  Paterson  County 


Section 


Double  track 


Single  track  with 
turnouts 


P-i 

P-2 
P-31 

P-41 

P-51 


Engineering 

Total  appropriation. 


$38,000 

$11,000 

7,000 

18,000 

14,000 

$88,000 
$"4,000 

$92,000 


$24,000 
8,000 


1  Sections  have  usable  wagon  road  at  present. 

"Estimated  total  cost  for  double-track  road.  Sees.   P-3,   P-4,  and  P-5, 
ad  single-track  road  to  the  divide,  Sees.  P-i  and  P-2,  is  $75,000. 

Estimated  cost  of  cheap  single-track  road  connecting  present  road  to  the 
ivide.  Sees.  P-i  and  P-2,  with  temporary  drainage  structures  and  6%  ruling 
rade  instead  of  5%.  $25,000. 

Cost  Estimate,  Grant  County 

In  a  similar  manner  detail  estimates  are  made  for  the  sections  in  Grant 
bounty,  as  summarized  below.  These  estimates  can  be  found  in  computa- 
on  file  F-32.      They  are  not  included  in  this  report,  as  they  are  bulky. 
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Summary  of  Costs,  Grant  County 

Section 

Double  track  (S-14) 

Single  track  (S-10) 
with  turnouts  (S— 14) 

G-i 

G-2 

G-3 
G-4 
G-s 

G-6 
G-7 

Engineering 

$  32,000 
33.000 
5,000 
10,000 
20,000 
26,000 
36,000 

$132,300 
7,700 

$  22,000 

3,000 

3,000 

7,000 

12,000 

20,000 

25,000 

$  92,000 
8,000 

Appropriation" 

$140,000 

$100,000 

Total  Summary  of  Recommended  Construction 
Paterson  County $  75,00c 

Grant  County 100,00c 

Total $175, 00c 

RECONNAISSANCE  SURVEYS 

for  most  cases,  but  for  heavily  wooded  country  or  extremely  diffici: 
and  rough  topography  a  more  careful  survey  is  desirable. 

Methods. — For  open  barren  country  the  transit  stadia  method 
preferred  by  the  author,  using  magnetic  bearings,  stadia  distanc 
vertical  angle  profile  and  cross-slopes,  and  ordinary  noteboc 
sketches  and  recording.  The  map  is  plotted  up  on  a  scale  10c 
to  the  inch  and  the  profile  100'  to  the  inch.  The  line  is  marked 
the  field  by  tall  stakes  or  lathes  with  a  strip  of  cloth  attached. 

Work  of  this  kind  can  be  done  by  two  men  with  very  simp 
equipment.     In  remote  regions  a  third  man  to  move  and  care  f 
camp  equipment  is  required  (see  Chap.  XIII). 
Engineering  Equipment. 

Light  mountain  transit  with  stadia  and  verticle  circle. 
Light  stadia  rod,  8  to  10'  long. 
Camera. 

Notebooks,  maps,  etc. 
ioo'  steel  tape. 
2  aneroid  barometers. 
For  heavily  wooded  country  the  U.  S.  Geological  methods  are  t 
cheapest  and  most  satisfactory,  using  a  light  15"  sketch  plane  tat 
and  tripod  oriented  with  a  magnetic  needle;  6"  gun  sight  alidac 
500'  linen  tape  coated  with  paraffin  for  distance.     Aneroid  inti 
mediate  elevations  checked  by  flying  lines  of  spirit  levels  or  stac 
levels  along  trails. 

The  main  advantage  of  this  method  is  that  it  requires  no  cuttir 
as  direction  is  obtained  by  sighting  by  ear  to  a  yell  or  whistle, 
also  gives  a  complete  contour  map  of  all  the  territory  that  the  ro 
can  possibly  traverse  and  makes  it  possible  to  lay  out  a  better  fir 


C: 
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)cation  then  any  amount  of  scouting  where  the  engineer  depends 
n  his  memory  and  sense  of  direction  for  his  final  location.  The 
rejected  line  is  then  followed  with  a  rough  plane  table  traverse, 
lopes,  etc.,  taken,  and  the  estimate  made. 

Work  of  this  kind  can  be  done  by  two  men  with  very  simple  equip- 
lent  for  a  cost  ranging  from  $10  to  $30  per  square  mile  mapped. 

convenient  scale  to  work  on  is  2000'  to  the  inch  and  a  contour 
.iterval  ranging  from  10  to  50'. 
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Fig.  269. 


A  third  man  to  move  and  care  for  camp  is  desirable. 

The  engineering  equipment  required  is: 

15"  plane  table  with  tripod. 

500'  linen  tape. 

6"     gun  sight  alidade  in  leather  case. 

100  steel  tape. 

Plane  table  map  paper. 
2       aneroid  barometers. 

Light  mountain  transit  with  stadia  (for  flying  levels). 

Stadia  rod. 

Conclusion. — It  should  be  borne  in  mind  that  if  engineering  is 
,  3  be  of  value  it  must  be  thorough  and  that  new  locations  will  often 
x  roads  for  generations. 
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There  should  be  no  hesitation  in  spending  whatever  is  needed, 
even  if  it  seems  all  out  of  proportion  to  the  cost  of  the  actual  con- 
struction work  to  be  performed  within  a  year  or  so.  Government 
programs  carry  out  this  principle  and  they  are  often  criticized  for 
high  engineering  cost,  but  is  well  worth  while  looking  to  the  future. 

The  engineering  program  must  be  complete  or  it  might  just  as 
well  be  discarded  entirely 


PHOTOGRAPHIC  DATA 

Editor's  Note. — Photographs  are  often  as  important  as  survey  notes 
particularly  on  reconnaissance  work  and  the  failure  of  a  negative  is  compar- 
able to  the  loss  of  field  notes.  The  following  data  have  been  inserted  to  helt 
the  inexperienced  photographer  reduce  his  percentage  of  failures.  A  greer 
hand  is  puzzled  chiefly  by  diaphram  opening  and  time  of  exposure  and  doe: 
not  understand  the  effect  of  latitude,  altitude,  time  of  year,  light,  etc.,  or 
the  problem.  _  The  following  simple  notes  have  been  prepared  by  a  man  whc 
has  taken  engineering  photographs  all  over  the  world  and  should  be  helpful 
There  are  a  number  of  very  excellent  exposure  charts  and  mechanical  sensi 
tized  paper  exposure  meters  on  the  market  which  consider  all  these  point:  |L; 
in  more  detail  than  can  be  given  in  a  book  of  this  character. 

t 
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General. — The  following  discussion  of  the  subject  of  photog 
raphy  in  connection  with  engineering  operations  has  been  prepare( 
with  the  idea  of  giving  to  the  engineer  the  foundations  and  princi 
pies  upon  which  he  may  make  exposures  in  the  field  under  mos 
all  conditions,  and  secure  fairly  uniform  results.  The  engineer  is 
in  the  day's  work,  required  to  make  exposures  under  some  ver 
adverse  conditions,  and  it  is  not  rare  that  the  exposure  most  needec 
or  the  most  important  point  along  the  line  of  survey  or  constructioi 
is  reached  when  weather  and  light  conditions  are  at  their  worst 
In  many  cases  the  results  are  failures,  poor,  or  only  fair.  This  fact 
under  the  ordinary  procedure  of  having  the  film  developed  after  th 
point  has  been  passed,  or  the  survey  completed,  is  discovered  week 
or  months  afterward,  and  a  return  to  the  point  would  either  b 
expensive — so  much  so  as  to  make  it  prohibitive — or  impossibl 
on  account  of  adverse  weather  conditions. 

Views  on  preliminary  surveys  are  of  more  importance  and  shoul< 
receive  corresponding  attention.  Views  on  construction  and  loca 
tion  are  important,  but  the  opportunities  for  making  successfu 
exposures  on  location  and  construction  are  many.  This  is  due  t< 
the  fact  that  the  engineer  is  located  longer  at  one  camp  on  locatioi 
than  on  preliminary,  while  on  construction  he  is  constantly  on  th 
job. 

It  is  urged  that  all  work  be  done  in  the  field  at  the  time  of  makin; 
the  exposures  on  preliminary  investigations  or  reconnaissanc 
surveys  in  order  that  failures  may  be  discovered  and  additions 
exposures  made  which  will  supply  the  omissions,  and  assure 
continuity  of  views.  By  so  doing  the  finished  view  may  then  an< 
there  be  properly  identified  and  notations  made  as  to  its  value  i: 
connection  with  the  surveyed  line,  and  the  subsequent  report  an< 
estimate  With  this  end  in  view  the  following  equipment 
suggested. 
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Equipment. — 1.  Camera  with  good  stout  leather  case  and  tripod. 

2.  Tank  developing  outfit  complete. 

3.  Films,  chemicals,  and  sufficient  paper  of  photograph  length 
)f  the  line. 

This  outfit  has  been  used  for  a  number  of  years  by  men  who  have 
lad  a  wide  experience,  and  it  has  been  found  to  be  a  convenient 
nd  complete  camp  kit  to  care  for  the  picture  end  of  a  survey 
properly. 

Roughly  the  films  should  be  estimated  at  three  exposures  to 
:he  mile  of  line. 

Camera* — The  best-sized  camera,  that  is,  the  one  which  produces 
:he  larges.  picture  in  proportion  to  the  bulk  of  outfit  and  cost  of 
peration,  is  the  4}^  by  6j^  "  film  camera — Eastman  4A.  Cameras 
laving  smaller  dimensions  produce  views  so  small  as  to  be  of  little 
alue  from  an  engineering  standpoint,  while  the  outfit  necessary 
o  carry  on  development  is  practically  the  same  in  size  and  weight 
s  that  required  for  the  camera  above  mentioned.  Enlargements 
nay  be  made,  but  this  is  an  additional  expense  and  delay.     What 

required,  is  speed  and  accuracy. 

This  sized  film  when  properly  masked  will  give  a  picture  4^  by 
')%"  exclusive  of  legend.  If  the  roll  is  cut  so  as  to  leave  the 
nexposed  portions  between  the  exposures,  on  the  bottom  of  vertical 
iews,  or  the  left-hand  end  of  horizontal  views,  space  is  left  for 
iling  number  and  legend.  This  information  is  put  on  the  face  of 
:he  film  with  india  ink  as  soon  as  it  is  dry  and  is  a  clear  but  concise 
tatement  of  (a)  station  from  which  the  view  was  taken,  (b)  direc- 
;ion  of  the  camera,  (c)  general  description  of  features  shown, 
)r  purpose  for  which  taken,  and  (d)  index  number  by  which  the 
ame  may  be  identified.  This  information  is  obtained  from  the 
exposure  record  which  is  made  and  kept  at  the  time  of  the  exposure 
nd  regarding  which  description  is  given  on  page  825. 

Autographic  backed  cameras  are  in  use  but  are  not  specially 
lesirable  unless  the  films  are  to  be  developed  by  some  other  person 
it  a  later  date.  The  writing  that  may  be  done,  while  specific,  is 
enerally  so  large  as  to  take  up  all  the  spa  ce  between  the  exposures 
-vhich  should  be  devoted  to  more  detail-  If  used  it  is  better  to 
ecord  merely  the  roll  and  exposure  number,  as  R  23-2,  and  depend 
m  the  exposure  record  for  detail  data. 

Lens. — The  camera  should  be  equipped  with  a  standard  lens  of 
inown  value.  In  the  matter  of  lenses  nothing  empirical  may  be 
aid.  Generally,  however,  the  regular  B.  &  L.  f  16  rectilinear  lens 
£ives  excellent  results.  As  speed  is  not  essential,  the  higher-priced 
•apid  lenses  are  not  necessary,  and  the  investment  of  money  in 
uch  a  refinement  which  the  work  in  hand  does  not  call  for  is  a 
uxury  to  say  the  least.  Given  a  well-made  and  flawless  lens,  an 
:qually  good  picture  may  be  secured,  provided  the  proper  time  is 
;iven,  as  with  the  more  expensive  lens.  As  there  are  no  moving 
)bjects  in  the  class  of  views  that  the  engineer  will  photograph, 
:xposures  may  be  properly  timed. 

Shutter. — The  shutter  should  be  of  the  ordinary  variety,  operated 
>r  snapped  with  a  bulb  or  cable.  For  rough  handling  the  bulb 
elease  is  considered  the  best.     There  are  a  number  of  standard 
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shutters  on  the  market,  any  one  of  which  gives  entirely  satisfactory 
results.  Improvements  are  being  continually  made,  and  it  is  advis- 
able to  purchase  the  most  durable  pattern  on  the  market.  There 
is  less  liability  of  making  errors  with  the  shutter  that  sets  anc 
releases  automatically  with  a  bulb  or  cable.  Those  that  have  to  b< 
set  by  hand  oft  times  produce  no  exposure,  the  photographer  for- 
getting to  set  the  shutter. 

Diaphram. — Most  all  cameras  are  now  equipped  with  the  iris 
diaphram,  and  this  attachment  is  the  best  with  which  to  contro 
the  stop. 

The  stop  is  the  technical  term  for  regulating  the  size  of  openinj 
in  the  diaphram.  There  are  two  systems  of  indicating  the  differen 
stops.  The  "Universal  Standard"  (U.  S.)  and  "f"  for  focal  speec 
of  lens.  The  following  list  shows  the  usual  equivalent  stops  fo 
both  systems. 

U.  S 1.2  2.0  2.5  4     8  16  32  64 

f 4-5  5-6  6.3  8  n   16  22  32 

Ordinary  kodak  stops:  123 

Stop  U.  S.  1.2  gives  the  largest  opening. 

Stop  U.  S.  64  gives  the  smallest  opening. 

Manipulation. — The  most  important  factors  that  enter  int 
making  an  exposure  are: 

1.  Composition. 

2.  Distance. 

3.  Aperture. 

4.  Time. 

5.  Strength  and  direction  of  light. 

6.  Phases  of  views. 

7.  Recording  all  operations  in  the  exposure  record. 
Taking  up  these  operations  in  their  order: 

Composition. — A  photo  should  not  be  looked  upon  as  a  misce 
laneous  lot  of  black  and  white  spots  on  a  piece  of  paper.  In  orde 
that  the  photo  should  properly  show  the  information  requirec 
it  should  in  most  instances  be  taken  from  some  station  along  th 
line  of  work,  or  from  some  point  which  has  been  definitely  locate 
without  the  line  of  work.  The  most  desirable  position  from  whic 
to  make  the  exposure  is  one  from  which  professional  as  well  as  artis 
tic  points  may  be  seen.  The  selection  of  such  a  point  is  made  afte 
carefully  studying  the  composition  of  the  view  as  seen  in  the  finde: 
If  a  view  is  required  along  the  survey  line,  select,  if  possible,  tha 
station  where  the  light  will  come  from  behind  or  from  the  sid< 
Carefully  study  the  composition. 

If  on  a  survey  line,  along  a  stream  bank,  on  the  edge  of  a  mes£ 
at  the  shore  of  a  lake  or  bay,  bring  the  important  features  into  th 
middle  of  the  finder.  No  picture  should  be  taken  that  does  not  cor 
tain  some  life,  as  only  professionals  can  make  a  good  picture  of  sti 
life.  Picket  a  rodman  with  a  level  rod  or  stadia  board  of  know 
length  on  a  station  50  or  100'  away  on  line — or  more  particularl  .. 
at  the  point  it  is  intended  to  feature.     This  not  only  gives  life  t 
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le  view,  but  provides  a  medium  by  which  distances  in  the  view  may 
5  estimated.  Have,  if  possible,  one-third  of  your  view  composed 
:  sky.  Balance  your  picture.  Guard  against  having  the  center 
iew  obstructed  by  a  6'  tree  15'  from  the  camera,  while  the  feature 
3U  are  trying  to  photograph  is  100'  away.  Such  a  composition 
turs  the  foreground,  reduces  the  field  of  view,  and,  in  general,  spoils 
hat  might  have  been  a  successful  photo. 

Hold  or  set  the  camera  level.  If  it  is  necessary  to  obtain  some 
ature  that  is  below  or  above  the  outline  as  shown  in  the  finder, 
anipulate  the  shifting  front  of  the  camera.  Never  tip  the  camera 
d  or  down,  for  to  do  so  will  produce  distorted  photos  on  account 
r  the  vanishing  point  lying  outside  of  the  horizontal  plane. 

Distance. — Ascertain  the  distance  from  the  camera  to  the  object 
>  be  photographed.  Do  this  with  reasonable  care,  as  too  many 
x>r  negatives  result  from  carelessness  in  estimating  distances. 
3t  the  indicator  at  the  proper  point  on  the  scale  of  distance, 
he  nearer  the  subject  is  to  the  camera  the  more  care  should  be 
cercised  in  ascertaining  the  distance.  For  universal  focus  use  stop 
.  S.  16,  32.  or  64  and  set  focusing  indicator  at  25  to  30'. 

Aperture  and  Time. — The  aperture  (stop)  and  time  of  exposure 
•e  the  governing  points  in  making  an  exposure. 

For  a  given  condition  a  number  of  different  combinations  of 
:>erture  and  time  will  give  satisfactory  results.  The  larger  the 
^erture  the  shorter  the  time.  The  smaller  the  aperture  the  better 
le  detail  of  the  picture  becomes.  In  general,  it  is  desirable  to  use 
fairly  small  aperture  to  get  detail  and  as  long  a  time  as  conditions 
irmit.    ' 

The  correct  combination  of  aperture  and  time  is  affected  by  the 
>e  of  a  tripod,  movement  of  objects,  speed  of  plate  or  films  used, 
titude,  latitude,  season  of  the  year,  intensity  of  light,  and  compo- 
tion  of  the  picture.  This  sounds  complicated  and  is  for  the  best 
suits,  but  fortunately  considerable  variation  from  the  best  timing 
ill  still  produce  a  fairly  good  negative  for  all  practical  purposes. 

Effect  of  Use  of  Tripod. — It  is  advisable  to  use  a  tripod  for  all 
lgineering  photography,  as  it  prevents  blurring  by  movements 

the  camera  during  exposures  and  makes  it  possible  to  use  a  small 
Derture,  with  the  necessary  time  of  exposure,  to  get  good  detail. 

the  camera  is  held  in  the  hands,  the  time  of  exposure  should  be 

5  sec.  or  less  and  the  aperture  will  have  to  be  made  large  enough 

allow  this  speed. 

Effect  of  Motion  of  Objects. — As  a  rule,  moving  objects  need  not 
1  photographed,  but  if  necessary  the  following  speeds  of  exposure 
ill  stop  motion. 

2^5  sec.  will  stop  wind  in  foliage. 

3^50  sec.  will  stop  pedestrians  and  slow-moving  rigs. 

Hoo  sec.  will  stop  distant  trains. 

/'ioo  to  Hooo  a  sec.  will  stop  near  trains,  automobiles,  etc. 

The  aperture  must  be  regulated  to  allow  these  speeds. 

That  is,  time  governs  aperture  where  motion  is  encountered. 

nder  most  conditions,  however,  where  a  tripod  is  used  aperture 
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governs  time  and  a  small  aperture  is  desirable  in  order  to  obtai 
detail.  For  most  landscape  engineering  survey  work  a  U.  S.  stc 
1 6,  32,  or  64  is  used  and  the  time  is  varied  to  correspond  with  tl 
stop  selected.  — 

Bright  sun,  use  stop  U.  S.  64  or  32. 

Fair  light,  use  stop  U.  S.  32  or  16. 

Moderate  light,  use  stop  U.  S.  16  or  8. 

An  aperture  of  U.  S   8  will  give  moderately  good  detail. 

Speed  of  Plate  or  Film. — Different  makes  have  different  speei 
but  there  is  no  great  variation  in  the  speed  of  the  ordinary  roll  filr 
or  speed  pack  films  and  the  following  exposure  chart  is  based  on  tl 
commercial  film  in  ordinary  use. 

Effect  of  Altitude. — Altitude   has   a   marked   effect   on   time 
exposure.     Exposure  charts  are  worked  out  for  sea  level. 

Wilson  topographic  surveying  quotes  E.  Deville  as  stating  th: 
altitude  has  practically  no  effect  on  timing  when  the  sun  is  near  I 
zenith  in  the  middle  of  the  day  but  that  as  the  sun  approaches  t 
horizon  the  effect  becomes  evident.  He  gives  the  following  relatr 
time  of  exposure  at  sea  level  and  10,000'  altitude. 


Altitude  of  Sun 

Relative  Time  of  Exposure , 

At  10,000  ft.  Altitude 

At  Sea  Level 

90° 
40° 

25° 

15° 

1  second 
1       " 
1       " 
1       " 

i       second 

2 

1%     " 

The  rule  generally  used  for  ordinary  engineering  photography 
to  cut  the  time  of  exposure  in  half  when  working  at  an  elevation 
5000  to  10,000'. 

Effect  of  Latitude. — Exposures  at  the  equator  require  the  shortc 
timing. 

As  the  latitude  increased,  the  time  of  exposure  increases. 

For  example,  conditions  requiring  ^25  sec.  at  the  equator  requi 
%  sec.  in  Alaska. 

Effect  of  Season  of  the  Year. — The  summer  months  require  le 
exposure  than  the  winter  months. 

For  example  conditions  requiring  an  exposure  of  }-{q  sec. 
summer    will   require    }£    sec-    m    winter,    except    that  it   mu 
be  remembered  that  snow  on  the  ground  changes  the  classifiactic 
of  "phase"  discussed  below. 

The  chart  on  page  823  is  prepared  for  sea  level  at  average  co 
ditions  of  latitude  and  season  in  the  United  States  and  the  effe 
of  latitude  and  season  can  be  disregarded  for  all  practical  purpos 
except  for  extreme  cases,  as  they  have  a  relatively  small  effect  f 
this  territory  as  compared  to  light  intensity  and  phase  of  the  pictui 

The  extreme  variation  from  the  chart  will  be  approximately 
follows:  for  winter  months  along  the  Canadian  boundary,  dout 
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the  time  of  exposure  given  in  the  chart.     For  southern  Florida  in 
midsummer  use  one-half  the  time  given  in  the  chart. 

When  it  is  borne  in  mind  that  this  variation  in  relative  exposure 
does  not  ruin  a  negative,  it  can  be  seen  that  unless  these  extreme 
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conditions  of  combined  location  and  season  prevail  the  chart  time 
without  correction  should  give  reasonably  good  results.  Altitude 
should,  however,  be  considered. 

EFFECT  OF  LIGHT  AND  PHASE 

Light  Values. — Judgment  and  experience  are  essential  if  good, 
average  negatives  are  to  be  secured.     However,  the  following  dis- 
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cussion  of  light  values  of  different  lights  and  phases  of  views  may  be 
of  use.  Five  distinct  conditions  of  light  are  generally  taken  into 
consideration  when  calculating  for  an  exposure. 

(A) .  Bright  Sunlight. — When  the  sun  is  shining  brightly  in  a  cloud- 
less sky. 

(B).  Light  Clouds. — When  a  thin  film  of  white  clouds  partially 
obscures  the  sun,  but  fairly  well-defined  shadows  are  discernible. 

(C).  Diffused  Light. — An  even  light  but  no  shadows. 

(D).  Dull. — Sky  covered  with  dull  clouds  with  no  sunlight  pene- 
trating. 

(E).  Very  Dull. — Sky  overcast  with  very  dark  clouds.     Gloomy. 

Phases  of  Views. — For  classifying  views  or  subjects  in  a  view — - 
the  five  following  phases  are  given: 

i .  Landscapes. — This  view  contains  distant  landscapes,  sea-scapes, 
snowclad  hills,  or  broad  expanses  of  river  scenery.  Such  views 
reflect  a  large  percentage  of  actinic  light,  and  should  be  short  timed 
or  stopped  down  accordingly. 

2.  Light  Foreground. — This  view  contains  open  fields  and  woods, 
flocks  of  live  stock,  buildings,  and  small  expanses  of  water. 

3.  Strong  Foreground. — This  view  contains  a  large  percentage 
of  foliage,  buildings  close  enough  to  make  strong  and  distinct  out- 
lines, fences,  figures,  animals,  well-defined  roadways,  rock  cliffs, 
or  well-defined  hill  slopes  not  over  400'  from  the  camera,  urban 
scenes  where  the  sky  line  is  serrated  with  buildings,  or  full  views  of 
concrete  structures. 

4.  Very  Heavy  Foreground. — This  view  contains  close-ups  of  the 
following:  landscapes  having  dark-green  foliage  and  shadows, 
bridges  and  other  structures  with  heavy  shadows,  and  rock  cliffs 
which  are  generally  located  in  canyons  where  considerable  direct 
light  is  shut  out. 

5.  Shaded  Foreground. — Under  this  caption  come  ravines, 
wooded  hillsides,  standing  timber,  under  trees,  and  small  dark  box 
canyons  where  sunlight  is  shut  out  by  shadows. 

Caution. — Great  care  must  be  exercised  in  making  exposures  for 
views  under  condition  5.  Give  plenty  of  time,  and  should  doubt  exist 
double  the  time  taken  from  the  chart  and  make  another  exposure. 

Bearing  in  mind  the  five  conditions  of  light  and  the  five  phases  of 
views,  enter  the  chart  with  the  view  as  an  argument.  Along  this 
line  a  number  of  combinations  for  time  and  stop  may  be  had  which 
will  give  satisfactory  negatives.  If  detail  is  required,  select  a  small 
stop,  and  from  this  get  the  time  for  Bright  Sunlight.  Should  light 
conditions  be  other  than  these  multiply  the  time  obtained  by  the 
proper  factor  given  below  the  chart. 

For  Example. — Condition  of  light,  diffused  ("C") .  Phase  of  view, 
strong  foreground.  Suppose  it  is  desired  to  use  stop  U.  S.  8,  the  time 
for  bright  sunlight  is  given  as  %  sec.  Multiply  this  time  by  2,  the 
factor  for  diffused  light,  getting  }£  sec.  as  the  exposure  required. 

Note. — There  are  a  number  of  meters  now  published  which  go 
into  detail  as  to  time,  aperture,  conditions  of  light,  and  phases  of 
view,  all  of  which  give  excellent  results.  These  may  be  purchased 
from  most  any  photo  supply  depot. 
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Exposure  Record. — In  order  that  the  photographer  may  have 
something  upon  which  to  check  up  his  failures,  identify  each  view 
n  connection  with  the  project  in  hand,  and  properly  reference  them 
n  the  files.  An  exposure  record  should  be  used  and  each  exposure 
carefully  recorded.  This  record  may  take  any  number  of  forms, 
but  from  experience  the  following  is  suggested,  which  has  been  filled 
out  to  show  how  it  is  intended  the  columns  should  be  used. 


Roll  36. 


Exposure  Made  by  Bill  Jones 


Sept. 


No.  of 
Film 


Job 


Date 


Rabbit 
Ears 


Rabbit 
Ears 


Hour    Light 


9  .00 


A 


Stop 
"f" 


Time 


Subject.    Descriptive 
Notes 


16 


Sta.  1007+40.  Looking 
Az.  170  deg.  along  tang. 
Rodman  on  Sta.   1006. 


Old  timber  br.  at  Sta. 
1020.  Camera  6o'  to 
right  of  1010-50  look- 
ing Az.  130  deg.  (out  of 
focus). 


Rabbit 
Ears 


10.30 


H 


Sta.  1025  looking  Az.  90 
deg.,  showing  proposed 
Xing_  of  river.  Solid 
rock  in  extreme  left  of 


Rabbit 
Ears 


4  .00 


Sta.  1 09 1  looking  Az. 
270  deg.,  showing  Ama- 
zon Pass,  Hopland  and 
Big  River  Valley. 


Tyeras 
Canyon 


Tyeras 
Canyon 


Sta.  1 107-45  looking  Az. 
210  deg.  Dense  tim- 
ber along  tangent. 


3   00 


D 


iH 


Sta.  1 136  looking  Az. 
226  deg.  along  tangent 
showing  houses  on  right- 
of-way.  Close  up  view. 
Rodman  on  Sta.  1137. 


DON'TS 


Don't  expect  good  results  from  snapshots  taken  before  9  a.  m 
or  after  5  p.  m.  even  with  sun  shining  brightly. 

Don't  try  to  make  snapshots  under  trees  or  in  a  shadow.  Make 
a  time  exposure,  resting  the  camera  on  a  firm  base,  or,  better  still, 
use  a  tripod.     Get  the  proper  time  from  the  chart. 

Don't  hold  the  camera  in  your  hand  when  making  exposures 
over  3^  5  sec. 

Don't  attempt  to  make  snapshots  indoors. 

Never  face  the  camera  at  the  sun  unless  necessary  and  then  be 
sure  to  shade  your  lens  from  direct  rays  of  the  sun. 

Always  use  small  stops  if  detail  is  desired. 

Don't  give  time  exposures  to  distant  landscapes.  The  farther 
away  the  subject  the  less  time  is  required. 
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Buy  only  fresh  films  which  will  exactly  fit  your  camera,  and 
observe  the  date  on  same  beyond  which  no  guarantee  of  value  is 
given. 

Always  turn  the  key  bringing  a  new  unexposed  film  into  correct 
position  after  having  made  an  exposure. 

After  having  exposed  a  roll  take  it  from  the  camera,  and  before 
putting  in  a  new  roll,  examine  the  lens,  try  shutter,  and  blow  out 
any  particles  of  dust  that  might  have  worked  into  the  bellows. 

If,  after  having  made  an  exposure,  the  least  doubt  arises  as  to 
whether  it  was  an  overexposure,  underexposure,  or  double  exposure, 
calculate  for  a  stop  and  time,  and  proceed  to  make  an  exposure 
that  will  be  satisfactory.  This  advise  is  of  particular  value  to 
engineers,  as  it  is  not  infrequent  that  the  picture  most  needed  is  the 
one  failure  on  the  roll.  The  second  exposure  costs  but  10  cts. 
To  secure  it  after  the  camp  or  work  has  been  abandoned  may 
cost  a  hundred  dollars. 

Developing. — Fairly  good  prints  may  be  secured  from  average 
negatives,  but  the  best  prints  are  obtained  from  good  negatives. 
To  obtain  good  negatives  the  exposure  must  be  reasonably  correct, 
and  development  must  be  done  with  fresh  and  pure  chemicals  in 
quantities  called  for  in  the  respective  formulas  recommended  by 
the  makers  of  the  plates  or  films  used. 

The  simplest,  most  convenient,  and  most  certain  method  oi 
development  that  has  been  worked  out  for  films  is'  what  is  generall) 
known  as  tank  development. 

The  equipment  necessary  properly  to  handle  films  of  the  sizt 
suggested  in  the  beginning  of  this  article  is  as  follows: 

i  E.  C.  Eastman  tank  No.  5E7  complete. 

1  5  by  7  gutta-percha  tray. 

1  32-oz.  measuring  glass. 

1  stirring  rod. 

1  thermometer. 

1  or  more  pairs  of  film  clips. 

1  dripping  pan  enameled,  about  9  by  12". 

The  chemicals  required  for  one  roll  of  films  are: 
1  Tank  developing  powder  for  5  by  7"  tank. 
4  oz.  of  hypo  with  acidifier. 

Plenty  of  clear  pure  water  having  a  temperature  of  65°F. 

As  no  dark  room  is  required,  the  development  may  be  carried  or 
at  any  time,  and  the  process  is  as  follows. 

Dissolve  the  developing  powder  as  per  directions,  using  tin 
developing  tank,  testing  the  same  with  the  thermometer  so  tha 
the  solution  when  ready  shall  have  temperature  of  65°F.  Set  thi: 
aside. 

Thoroughly  rinse  the  measuring  glass,  and  in  16  fl.  oz.  of  wate 
dissolve  the  4  oz.  of  hypo  and  acidifier.  Pour  this  solution,  known  a: 
fixer,  into  the  5  by  7  tray.  Thoroughly  rinse  the  measuring  anc 
glass  stirring  rod. 

Prepare  the  films  as  directed  in  instructions  accompanying  th< 
developing  tank  outfit,  and  wind  it  onto  the  opaque  curtain. 
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This  operation  takes  place  in  the  lightproof  box. 

Remove  the  spool  containing  the  curtain  and  film,  and  place  it 
n  the  tank  containing  developing  solution,  firmly  fastening  the  top 
on  the  tank.  Turn  the  tank  end  for  end  two  or  three  times,  holding 
it  vertically  for  5  or  10  sec.  each  time,  so  as  to  expel  all  air 
from  between  the  folds  of  the  curtain,  and  insure  complete  contact 
between  the  developing  solution  and  the  film.  At  the  moment  of 
immersion,  record  the  time,  and  permit  development  to  go  on  for 
the  specified  time  given  for  the  temperature  of  the  solution.  If 
using  Eastman  tank  developing  powder,  and  solution  is  65°F.,  the 
time  of  development  should  be  20  min.  Invert  the  tank  every  5  or  7 
min.  so  that  even  development  may  be  obtained. 

Development  having  been  completed,  fill  the  dripping  pan  with 
fresh  water,  take  the  spool  from  the  tank,  and,  working  rapidly, 
unroll  the  apron  or  curtain  until  the  end  of  the  film  is  visible. 
Firmly  clamp  a  film  clip  to  this  end  of  the  film.  Now  lift  the  end 
of  the  film  by  this  clip,  unrolling  it  from  the  curtain  until  the  other 
end  of  the  film  is  free,  and  clamp  another  clip  on  this  end.  Rinse 
the  film  in  the  dripping  pan  of  fresh  water,  running  it  through  three 
or  four  times.  Change  to  fixing  bath,  and  run  film  through  rapidly 
three  or  four  times,  making  sure  that  the  entire  surface  of  the  film 
is  flooded  with  the  solution,  thus  insuring  that  development  is  com- 
pletely arrested. 

Continue  washing  in  the  fixer  until  the  film  is  clear.  This  will 
take  from  7  to  10  min.  Rinse  in  clear,  cool,  running  water  for  \o  hr., 
or  in  20  changes  of  water  allowing  the  film  to  remain  3  to  5  min.  in 
each  change.  After  rinsing,  suspend  the  film  from  a  wire  or  hook, 
so  that  the  same  will  hang  free  and  permit  it  to  dry.  Do  not  touch 
the  surface  until  perfectly  dry.  If  the  film  has  a  tendency  to  curl 
during  drying,  leave  it  alone.  The  weight  of  the  clip  at  the  lower 
end  will  be  sufficient  to  correct  this. 

When  perfectly  dry,  trim  the  ends  so  as  to  leave  as  much 
unexposed  film  as  there  is  between  the  exposures.  Before  cutting 
the  film,  place  it  on  a  table,  back  up,  and  under  vertical  views,  or 
to  the  left  of  horizontal  views,  inscribe  the  information  contained  in 
the  eighth  column  of  the  exposure  record,  together  with  the  index 
or  filing  number,  using  india  ink.  Place  the  index  or  filing  number 
in  a  convenient  space,  usually  the  upper  left-hand  corner. 

Cut  the  film,  taking  particular  care  that  in  so  doing  the  legend 
and  the  view  to  which  it  applies  are  together.  Do  not  use  scissors 
to  cut  the  film,  as  this,  unless  cleverly  done,  is  apt  to  produce  an 
irregular  edge  which  is  difficult  to  fit  into  the  mask.  Use  straight 
\  edge  and  sharp-pointed  knife,  or  better  still  a  trimmer,  the  latter 
costing  about  $1.75. 

If  all  operations  to  this  point  are  correctly  performed,  films  will 
be  uniform,  have  a  neat  and  workman-like  appearance,  and  bear 
complete  information  as  to  date,  subject,  station  from  where  taken, 
and  index  number.  The  film  so  labeled  will  be  special,  specific,  and 
sufficient;  special  because  it  applies  to  a  certain  project,  specific 
because  it  pertains  to  a  particular  point  of  feature  of  the  project, 
and  sufficient  because  it  gives  complete  information. 
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Causes  of  Failures. 
Not  sharp: 

i,  Objects  moving  or  moving  too  fast. 

2.  Out  of  focus. 

3.  Camera  being  moved  during  exposure. 
Under  timed: 

1.  Use  of  too  small  stop. 

2.  Light  too  weak. 

3.  Exposures  too  short. 
No  exposure: 

1.  Failure  to  set  shutter. 

2.  Failure  to  release  shutter. 

3.  Something  in  front  of  lens. 
Double  exposure: 

1.  Failing  to  wind  up  film  after  making  exposure. 
Fogged: 

1.  Camera  leaks  light. 

2.  Carelessness  in  loading  or  unloading. 

3.  Taking  pictures  against  sun. 
Overtimed: 

1.  Stop  too  large. 

2.  Too  much  time  given. 

Printing. — Equipment  additional  to  that  required  for  fib 
developing: 

1  Printing  frame  5  by  7. 
1  Gutta-percha  tray  5  by  7. 
1  Orange  light. 

1  Dish  pan  from  camp  kitchen. 
Developing  powders.     (One  tube  of  M-Q  develops  18  prin 
of  the  size  herein  mentioned.) 
4-oz.  hypo  with  acidifier. 

4-oz.  bottle  potassium  bromide,  10%  solution. 
Quantity  of  5  by  7  developing  out  paper,  Azo  preferred. 

Procedure. — Prepare  the  developer  by  dissolving  the  conten 
of  the  tube  as  per  direction  thereon,  and  pour  the  solution  into  or 
tray,  not  the  one  used  for  fixing  bath.  In  order  that  no  doubt  ma 
arise  as  to  which  tray  is  for  the  fixer,  take  a  sharp  instrument  an 
scratch  the  letter  H  in  the  bottom,  so  the  same  may  be  seen  whe 
the  tray  is  in  use. 

Prepare  the  fixing  bath  by  dissolving  the  4  oz.  of  hypo  an 
acidifier  in  16  oz.  of  water.  The  temperature  of  the  developing  soli 
tion  should  be  normal,  or  65°F.  If  too  cold  it  retards  the  develoj 
ment,  and  if  too  warm  the  development  is  too  rapid,  and  prints  ai 
apt  to  show  steaks.  A  warm  developing  solution,  fixing  bath,  ( 
rinsing  bath  produces  blisters,  due  to  too  rapid  action,  which  pn 
duces  gas  under  the  filament  on  the  paper.  The  fixer  and  rinsir 
water  may  have  a  temperature  as  low  as  4o°F.  In  fact,  the  writt 
has  had  the  best  success  working  with  the  fixing  bath  and  rinsir 
water  at  this  temperature.  Prints  may  be  left  in  running  water  i. 
this  temperature  all  night  without  blistering  or  raveling. 
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Arrange  the  pans  and  trays  in  a  row  in  the  following  order  from 
ft  to  right:  (1)  dish  pan  of  water  in  which  to  rinse  the  hands  and 
nished  prints,  (2)  dripping  pan  of  water  in  which  to  immerse  the 
rints  before  placing  them  in  the  developing  solution,  (3)  tray  con- 
lining  developing  solution,  and  (4)  tray  containing  fixing  bath. 

Provide  a  towel  to  dry  the  hands  on  before  taking  up  new, 
ndeveloped  prints. 

Take  one  sheet  of  paper  and  cut  the  same  into  strips  about  ^2" 
ide,  and  keep  the  same  in  a  lightproof  box.  These  strips  are  for 
laking  a  trial  of  the  negative,  if  doubt  exists  as  to  the  length  of 
me  to  print.     Clean  the  glass  of  your  printing  frame  and  provide 

mask  having  a  width  inside  of  aY%" ■>  ^  using  4^  by  6>£  films, 
'he  mask  should  be  open  at  one  end  so  as  to  allow  the  legend,  which 
as  previously  been  written  or  printed  on  the  film,  to  print.  The 
lask  should  be  provided  with  paper  guides  of  about  2  by  Y±'  pasted 
n  one  side  and  top  at  the  corner  back  from  the  edge  of  the  opening — 
distance  equal  to  the  white  margin  that  should  surround  the  print 
n  the  top  and  the  two  sides.  These  guides  are  generally  the  thick- 
ess  of  medium-weight  detail  paper,  and  serve  to  hold  the  paper  and 
lm  together  when  the  same  are  placed  in  the  frame,  and  also  during 
rinting.  Printing  frames  are  now  made,  provided  with  adjustable 
■aides  by  means  of  which  any  desired  size  of  mask  may  be  had. 
liese  are  convenient,  and  their  purchase  is  suggested. 

Working  in  subdued  light  only,  and  with  orange  light  in  position, 
lace  the  film  and  a  sheet  of  paper  in  the  printing  frame,  and  print 
1  accordance  with  the  light  used  and  density  of  the  film. 

Printing  should  be  done  in  accordance  with  directions  contained 
1  the  container  of  the  paper  purchased.  Artificial  light  is  pref- 
rable  to  daylight,  and  electric,  gas,  or  oil  lamps  may  be  used.  The 
roper  time  and  distance  from  light  are  always  given  by  the  manu- 
icturer  of  the  paper. 

If  daylight  be  used,  hang  a  sheet  over  the  north  window  so  as 
3  diffuse  the  light  and  by  experiment  deduce  correct  time  for  print- 
lg.  Usually  medium  negatives  will  print  in  such  a  light  in  from  2 
)  4  sec.  Note  the  time  taken  to  print,  and  remove  the  paper,  and 
nse  in  pan  2,  in  order  to  moisten  and  prepare  the  surface.  Immerse 
1  the  developing  solution,  tray  3.  When  the  desired  tone  is 
btained  take  the  print  from  the  developing  solution,  rinse  for  a 
scond  or  two  in  tray  2,  and  then  immerse  in  fixing-bath  tray  4. 
hould  abrasion  marks  appear  on  the  print,  add  from  5  to  10  drops 
f  the  10%  solution  of  potassium  bromide  to  the  developer.  This 
all  make  the  development  a  little  slower,  but  will  correct  this 
rouble. 

Prints  should  be  left  in  the  fixing  bath  for  20  min.  At  the  end 
f  this  time,  remove  them  and  place  in  rinsing  bath,  pan  1.  If  run- 
ing  water  is  available,  rinse  the  prints  for  1  hr.,  or  longer  if  possible, 
f  no  running  water  is  at  hand,  rinse  in  a  dozen  changes  of  water, 
eeping  the  prints  moving  so  as  to  remove  all  traces  of  hypo. 

When  washed,  collect  the  prints  as  you  would  a  deck  of  cards, 
nd  taking  not  more  than  a  dozen  at  a  time,  lay  them  on  one  fold 
f  a  towel,  placing  another  fold  over  them.  With  an  ordinary  rolling 
in,  or  in  the  absence  of  this,  a  round  bottle,  roll  and  press  out  the 
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excess  water.  Separate  and  lay  them  face  down  on  cheese  cloth 
muslin,  or  even  a  clean  piece  of  paper  which  has  been  placed  on  j 
smooth  surface,  and  permit  them  to  dry.  When  thoroughly  dry 
place  on  a  table  face  down  and  draw  them  separately  backwarc 
and  upward  under  a  not  too  sharp  straight  edge  or  triangle.  Thi 
will  leave  them  either  flat  or  slightly  convex.  The  prints  may  nov 
be  trimmed  as  desired. 

Two  grades  of  paper  are  recommended — one  grade  for  averag< 
negatives,  and  one  for  contrasty  negatives.  Provide  sufficien 
paper  based  on  the  ratio  of  average  to  contrasty  negatives  of  6  ti 
1.  There  are  several  grades  of  paper  with  a  number  of  finishes 
The  glossy  finish  generally  gives  the  best  results  for  engineerinj 
purposes,  and  its  use  is  recommended.  To  go  to  the  expense  of  pro 
viding  more  grades  of  paper  than  above  mentioned  is  an  unnecessar 
refinement. 

With  practice  the  operator  will  soon  be  able  to  judge  the  destin; 
of  negatives  so  that  the  use  of  trial  strips  will  rarely  be  necessar> 
After  sufficient  practice,  and  when  the  operator  is  able  to  judg 
his  negatives  so  as  to  print  to  within  a  reasonable  degree  of  coi 
rectness,  printing  should  be  carried  on  until  all  the  prints  require 
have  been  made,  inserting  them  in  a  lightproof  box  or  between  th 
leaves  of  a  book.  Then  develop  the  batch,  and  perform  all  opera 
tions  through  to  the  hypo  bath.  The  batch  after  20  min.  may  b 
taken  from  this  bath  and  placed  in  rinsing  water.  The  white  Hgt 
may  be  turned  on  as  soon  as  all  are  in  the  hypo.  By  this  method 
large  number  of  prints  may  be  handled  in  a  short  time. 

Rinse  the  hands  each  time  after  having  them  in  hypo,  for  hyp 
is  a  strong  restrainer,  and  should  you  handle  prints  without  so  doin 
white  finger  prints  will  appear  when  development  is  carried  on. 

After  developing  films  or  prints,  wash  up  all  equipment  and  scru 
hypo  and  developing  trays  with  salt — this  will  remove  all  trace 
of  chemicals. 


CHAPTER  XIII 
THE  SURVEY 

The  chapter  on  Survey  will  be  handled  under  two  main  divisions: 

a.  Improvement  of  existing  roads. 

b.  Location  of  new  roads. 

FOR  THE  IMPROVEMENT  OF  EXISTING  ROADS 

As  the  survey  furnishes  the  information  for  the  design,  it  must 
be  carefully  made  in  regard  to  the  essential  features.  These  are 
alignment,  levels  and  cross-sections,  drainage,  information  con- 
cerning foundation  soils,  available  stone  supply,  available  sand, 
gravel,  filler,  etc.;  direction  and  amount  of  traffic,  railroad 
unloading  points,  the  location  of  possible  new  sidings,  and  such 
topography  along  the  road  as  will  have  a  bearing  on  the  design. 
The  survey  should  be  made  not  more  than  a  year  before  construc- 
tion starts  and  during  the  open  season,  as  a  snowfall  of  any  depth 
makes  the  work  unreliable  and  only  fit  for  a  rough  estimate. 
When  contracts  based  on  winter  surveys  are  awarded  it  is  always 
necessary  to  take  new  cross-sections  to  insure  a  fair  estimate  of 
the  excavation. 

A  party  of  five  men  is  a  well-balanced  force  for  surveys  of  this 
character. 


Force 

Equipment 
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Engineer 

Transit 

Reports 

Instrument  man 

Level 

Pencils 

Three  helpers 

2  ioo'  steel  tapes 

Notebook 

3  50'  metallic  tapes 

U.    S.    Geological    Su 
map. 

3  pickets 

2  level  rods 

Stakes 

Pocket  compass 

For    preliminary    sui 

Hatchet 

no  stakes  per  mile 

Sledge 

For  construction: 

Ax 

220  stakes  per  mile 

Keel 

The  Center  Line. — The  placing  of  the  center-line  hubs  (transit 
points)  requires  good  judgment  and  should  be  done  by  the  chief  of 
the  party.  In  locating  them  he  considers  the  principles  of  align- 
ment discussed  in  Chap.  II.  The  hubs  are  placed  at  tangent 
intersections  and  sometimes  at  the  P.  C.'s  and  P.  T.'s  of  curves 
and  are  referenced  to  at  least  three  permanent  points  that  will  not 
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be  disturbed  during  construction  (see  sample  page  of  notes,  Fig. 
270). 

The  deflection  angles  at  the  tangent  intersections  are  usually 
read  to  the  nearest  minute,  taking  a  double  angle  to  avoid  mis- 
takes; the  magnetic  bearing  of  each  course  is  recorded.  For  all 
deflection  angles  over  40  it  is  good  practice  to  figure  and  run  in 
on  the  ground  the  desired  curve.  Curves  with  central  angles 
of  less  than  40  can  be  run  in  with  the  eye  during  construction. 

The  center  line  is  marked  at  intervals  of  either  50  or  100'  (see 
cross-section,  p.  833)  in  any  convenient  manner;  the  alignment  of 
these  points  should  be  correct  to  within  0.2  and  the  distance  along 
the  line  to  within  0.1  per  100'  of  the  length;  any  attempt  to  get 
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Fig.   270. — Alignment  notes. 

more  accurate  stationing  is  a  waste  of  time.  The  chaining 
may  be  done  on  the  surface  of  the  ground  up  to  a  grade  of  5  %  with 
no  objectionable  error;  beyond  that  slope,  however,  the  tape  should 
be  leveled  and  plumbed.  Steel  tapes  should  be  used  for  chaining 
the  center  line  and  referencing  the  hubs. 

A  convenient  method  of  marking  the  actual  center-line  sta- 
tions is  to  use  a  nail  and  piece  of  flannel,  red  flannel  for  the  100' 
stations  and  white  flannel  for  the  intermediate  50'  stations,  if 
needed.  Where  the  soil  is  sandy  or  muddy,  and  these  nails  would 
be  kicked  out  or  covered,  a  line  of  stakes  can  be  set  outside  of  the 
traveled  way  on  a  specific  offset  from  the  center  line.  If  an  offset 
line  is  used,  however,  the  chaining  of  all  curves  should  be  done  on 
the  center  line  to  insure  a  correct  center-line  distance  and  the 
stakes  placed  radially  on  the  desired  offset.  Railroad  spikes 
make  good  permanent  transit  points  and  are  easily  placed. 

At  the  same  time  that  the  line  is  run  it  is  just  as  well  to  paint 
the   100'  station  numbers  on  any  convenient  place   where   they 
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can  be  readily  seen,  as  stations  marked  in  this  manner  make  it 
much  easier  to  sketch  in  the  topography  than  if  marked  in  chalk 
n  stakes.  Also,  if  the  stations  are  permanently  marked  it  is 
easier  for  the  construction  engineer  to  pick  up  the  transit  points 
at  some  future  time. 

A  party  of  five  men  will  run  from  2  to  4  miles  of  center  line  a 
day,  the  speed  depending  upon  the  number  of  curves  and  length 
of  tangents,  if  the  hubs  have  been  previously  placed  and  referenced. 
If  the  hubs  are  placed  at  the  same  time  the  line  is  run,  the  work  is 
greatly  delayed. 

Two  men  can  place  and  reference  the  transit  points  at  the 
tangent  intersections  at  the  rate  of  from  4  to  10  miles  per  day. 

Levels  and  Cross-sections.— Bench  levels  are  run  in  the  usual 
manner;  the  levels  will  be  sufficiently  accurate  if  the  rod  is  read 
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Fig.   271. — Bench  level  notes. 


to  the  nearest  o.oi';  for  such  work  any  good  level  and  a  self-read- 
ing rod  graduated  to  hundredths  are  satisfactory.  Benches  are 
established  at  intervals  of  iooo  to  1500  ';  they  must  be  substantial, 
well  marked,  and  so  situated  as  not  to  be  disturbed  during  construc- 
tion. A  small  railroad  spike  in  the  root  of  a  tree,  a  large  boulder, 
or  the  water  table  of  a  building  make  good  benches. 

The  bench  levels  may  be  referred  to  some  local  datum  in  general 
use  or  to  the  U.  S.  levels,  or  the  datum  can  be  assumed.  In  run- 
ning bench  levels  it  is  better  to  use  each  bench  as  a  turning  point, 
as  side-shot  benches  my  be  wrong  even  if  the  line  of  levels  is  correct. 

Cross-sections  are  taken  at  either  100  or  50'  intervals,  at  all 
culverts,  possible  new  culvert  sites,  and  any  intermediate  breaks 
not  shown  by  the  normal  interval.  Enough  sections  are  taken 
to  show  the  constantly  changing  shape  of  the  road. 
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The  distance  of  the  shots  from  the  center  line  of  the  road  is  rea 
to  the  nearest  i  .o'  where  the  ground  has  no  abrupt  change  of  slopt 
and  to  the  nearest  0.5'  where  there  is  a  well-defined  abrupt  changt 
The  elevations  are  read  to  the  nearest  o.i'.  The  sections  shoul 
extend  from  fence  line  to  fence  line,  or  in  villages  fromsidewal 
to  sidewalk,  and  the  position  of  the  pole  lines,  tree  lines,  curb: 
etc.,  noted.  Engineers  differ  as  to  whether  the  sections  should  b 
taken  at  a  normal  interval  of  50  or  100'. 

Table  136  gives  the  difference  in  the  computed  quantity  of  eartr  1 
work,  using  50  and  100'  sections  with  intermediate  sections  at  wel 
defined  breaks  in  the  grade. 

Table  136 


Name  of  Road 


Scottsville 

Mumford    . . 
Scottsville 

Mumford    .  . 
Leroy 

Caledonia 

*Leroy 
Caledonia 
Clarence 

Center 

Clarence 

Center  

Lockport 
Tonawanda    . . 
*East  Henrietta 
Rochester 


Length 
Figured 


mile 


Charac- 
ter of 
Road 


flat 
hilly 
rolling 

flat 
rolling 

flat 

flat 
rolling 


Excava- 
tion 50' 
Section 


Cu.  Ft. 

6i,444 
ill, iog 
57,840 
77.841 
73,727 
38,037 
59,096 
37,275 


Excava- 
tion 100' 
Section 


Cu.  Ft. 
61,995 

111,700 
60,560 
7S,65g 
/0,04s 
39,415 
59,47o 
36,075 


Appro- 
ximate 
Differ- 


Cu.  Ft. 
55o 
600 

2700 
Sco 
700 

1400 
400 

1200 


Per  cent 
of  Differ 


+    &% 

+  \% 

+  4i  % 
+  1  % 
-1  £ 
+  3{o7c 
+     iWc 


The  following  tabulation  shows  the  variation  for  shorter  sectioi 
of  the  starred  roads. 


Name  Station 

of        and       to 
road  Station 


Leroy 

Caledonia,    80-  90  . 

90-100  . 

"     100-110  . 

"       II0-I20  . 

Total  and  averages 
East  Henrietta 
Rochester,        0-19  . 

32-49  • 

49-66  . 

Total  and  averages 


Quantities 
by  50' Sec- 
tions 


Cu.  Ft. 

19,151 
21,915 
21,555 

15,220 

77,84i 

14,625 
n,95o 
10,700 

37,275 


Quantities 

Approx- 

by 100' 

imate 

Sections 

Difference 

Cu.  Ft. 

Cu.  Ft. 

19,525 

400 

23,415 

1500 

20,689 

900 

15,030 

200 

78,659 

800 

14,300 

300 

n,575 

35o 

10,200 

500 

36,075 

1200 

Per  cent  of 
Difference 


+   2  % 

+  7  % 

-4  % 

+  1  % 


:■: 


—  2 

-  3 
5 


% 
% 
% 


-2,1% 
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:a(  The  question  of  quantities  is  not  the  only  factor  in  determining 
?etie  interval.  Where  it  is  important  to  fit  the  local  conditions, 
?es  in  a  village,  or  to  utilize  an  old,  hard  foundation,  the  designer 
J'(;  helped  by  50'  sections. 

f6  In  taking  cross-sections  the  work  becomes  mechanical,  and  un- 
05  iss  the  engineer  in  charge  is  unusually  alert  to  all  the  intermediate 
Changes  better  results  will  be  obtained  by  the  use  of  the  shorter 

iterval.     For  these  reasons  the  author  believes  that  a  50'  interval 
Wi  advisable  except  on  long,  uniform  stretches  of  road. 
e"  •  A  party  of  three  men  will  run  from  4000  to  7000'  of  50'  cross- 

ections  per  day;  a  party  of  four  men  from  5000  to  9000'  depending 

n  the  country. 


S+a. 
B.M.*3 

10  tOO 


fOtSO 


T.Rt65 
Reck  on 
R't. 

If  tOO 


I 


B.S. 


5.41 


1.32 


F.S. 


2./0 


H.l. 


931. 7 '3 


330.35 


Elev. 


"V 


626.32 


923.63 


Leff 


SO   £3  6.0  52  5 


RigM 

IO     N     co     >  <v» 

»fi     ^    1)     |5i  lO 

N     M     £»     Si  *» 

O)     0}    Oi    ca  o> 

/  5.4  5.5  53  S3  6.5 


40     14  12    5    C 


*i  \  N  N 

SP  a  **i  mj 

2!  JS  *l  <m 

o  <r>  o>  <r> 


S£  60  6S 63  60  60  63   7.0    7.0  7.6  6.Q 


<V|  <\i  <  <vj  cvi    c\I 

f\l  <\4  M  (\j  c\|    <\i 

<J>  O)  0>  Oi  <5)    <b 

82  3.7  9.1  63  6.6 


5     3    II     19  Z4L 


S        S     2?    £* 

C>      Q>    Cfc   CJ 


26    20   14  P   6     0     3      II     12    20   20 


6.S 


<\1      CV|       CM       IV» 

9.0  93   63   6.Q 


30    20    13    9    5     C       10    14     19   J0>»* 


Fig.   272. — Cross-section  notes. 

Drainage. — The  drainage  notes  show  the  position  and  size  of  all 
ae  existing  culverts;  the  area  of  the  watersheds  draining  to  them 
,nd  a  recommendation  of  the  size  culvert  to  be  built;  the  location, 
rainage  area,  and  size  of  desirable  new  culverts;  the  necessity  for 
mtlet  ditches  and  their  length,  if  required;  the  elevation  of  flood 
vater  near  streams,  and  the  condition  of  the  abutments  and  super- 
structure of  long-span  bridges.  The  cross-section  levels  are  sup- 
Dlemented  to  show  these  points  fully.  Where  the  U.  S.  geological 
naps  are  available  the  areas  of  watersheds  can  be  easily  determined ; 
adiere  no  such  maps  have  been  made  the  drainage  areas  can  be 
easily  mapped  with  a  small  15"  plane  table  oriented  with  a  magnetic 
aeedle;  the  distances  can  be  paced  and  the  divides  determined  with 

hand  level.     One  inch  to  2000'  is  a  convenient  scale. 
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The  drainage  scheme  should  be  carefully  worked  out  by  the 
chief  of  party,  as  the  possibilities  of  friction  with  local  people 
are  greater  on  this  part  of  the  design  than  any  other.  In  the 
chapter  on  Drainage  this  fact  was  mentioned  and  designers  were 
cautioned  not  to  use  new  culverts  unless  necessary.  For  special 
features  of  bridge  survey  see  page  942. 
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Fig.  273. 

Topography. — The  topography  notes  show  the  features  of  th< 
adjacent  territory  that  might  affect  the  design.  These  include  th» 
location  of  buildings,  drives,  intersecting  roads,  streams,  railroads 
poles,  trees,  sidewalks,  crosswalks,  and  property  lines.  The  name: 
of  property  owners  are  recorded. 

A  simple  method  of  locating  these  points  is  to  refer  them  directb 
to  the  previously  run  center  line  by  right-angle  offsets;  such  note; 
are  easily  taken  and  quickly  plotted. 

In  taking  the  topography  the  plus  stationing  along  the  cente: 
line  and  the  offset  distances  to  all  points  inside  of  the  road  fence: 
should  be  measured  by  tape  to  the  nearest  foot;  the  distance: 
to  and  the  dimensions  of  buildings,  etc.,  outside  of  these  limits 
can  be  paced  or  estimated;  the  bearings  of  the  property  lines  car 
be  read  near  enough  with  a  pocket  compass,  except  for  right-of-wa} 
surveys,  which  are  described  on  page  840. 

The  instruments  needed  for  work  of  this  kind  are  a  pocke 
compass  reading  to  20,  steel  picket,  and  metallic  tape. 
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Two  experienced  men  will  take  from  2  to  4  miles  of-  topography 
a  day  except  in  villages,  where  from  3-2  to  1  mile  is  average  speed. 

Direction  and  amount  of  traffic  is  determined  by  inspection  and 
by  a  study  of  the  traffic  census  map  for  the  locality  considering  the 
relation  of  the  road  in  question  to  adjacent  completed  roads.  (See 
page  32  for  a  discussion  of  Estimating  Future  Traffic.) 
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Fig.   274. — Topographic  Notes. 

To  illustrate  the  information  required,  an  extract  from  the  sur- 
vey report  of  the  Fairport  Nine  Mile  Point  Road  is  given  below: 

Fairport  Nine  Mile  Point  Road  Traffic  Report.  Heavy  Hauling, 
The  direction  of  heavy  hauling  on  this  road  is  approximately  as 
follows: 

1.  Sta.  195  to  Sta.    o    toward  Fairport. 

2.  Sta.  195  to  Sta.  400  toward  Webster. 

3.  Sta.  580  to  Sta.  400  toward  Webster. 

This  divides  the  road  into  three  sections  for  the  determination 
of  the  ruling  grades. 

The  ruling  grades  for  Sec.  1  will  be  determined  by  the  hills  at 
Stas.  10  and  48  and  probably  will  be  limited  to  5%. 

The  ruling  grade  for  Sec.  2  will  be  determined  by  the  knolls 
s|at  Stas.  267,  285,  and  300. 

The  ruling  grade  for  Sec.  3  will  be  determined  by  the  hill  sat 
Stas.  445  and  494. 

The  team  traffic  is  medium-heavy  Stas.  90  to  o;  light,  Stas. 
270  to  90;  medium,  Stas.  270  to  375;  heavy,  Stas.  375  to  386;  very 
heavy,  equivalent  to  city  street,  Stas.  386  to  408;  medium  heavy, 
Stas.  408  to  450,  and  light,  Stas.  450  to  580.  Macadam  construc- 
tion will  not  be  suitable  Stas.  386  to  408. 
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The  automobile  pleasure  traffic  will  be  largely  through  traffic 
and  probably  fairly  heavy. 

For  reconstruction  designs  traffic  census  counts  are  usually  avail- 
able see  page  31. 

Foundation  Soils. — The  notes  on  soils  show  the  character,  width, 
and  depth  of  the  existing  surfacing  material  and  the  kind  of  under- 
lying material.  This  feature  of  the  survey  is  important,  as  it 
governs  the  thickness  of  the  pavement,  and,  to  a  certain  extent, 
the  position  of  the  grade  line  where  an  existing  solid  foundation 
can  be  utilized  and  the  thickness  of  the  improved  road  reduced  to 
a  minimum. 


r                Soil  Notes 

Foundation  Recommendations 

StaJ-oSta. 

Surface  Mat. 

SubSurface 

0 

0 

30 

Sand &  6 ravel 

Sand  &  Grave/ 

Total   Thickness  Macadam   "J" 

30 

3/ 

Clay  &0ravei 

Clay  /'down 

»              »                n              12"    - 

3/ 

36 

Clay 

■    Clay 

»               >•                  ft               J5" 

36 

40 

6 rave) '  8  "deep 

VYetC/ay 

Underdrain  on  fit  Stone  22" deep 

40 

41 

»      4"   n 

Clay  Loam 

Fill  at  this  Point       n      3"   ,» 

V 

) 

^                                                                     J 

Fig.  275. — Notes  on  foundation  soils. 
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Even  with  a  careful  soil  examination  it  is  impossible  to  make  the 
design  of  the  foundation  definite,  as  mentioned  on  page  437,  but 
the  quantity  of  the  material  that  will  be  needed  can  be  estimated 
very  closely. 

The  subsoil  can  be  readily  examined  by  driving  a  \Yi  or  1"  V 
steel  bar  to  the  required  depth,  which  is  usually  not  over  4.0  toL: 
5.0'  even  in  cuts,  removing  the  bar  and  replacing  with  a  %"  gash 
pipe,  which  is  driven  a  few  inches  and  withdrawn.  The  core  willL 
give  a  fair  idea  of  the  material  to  be  encountered. 

Where  rock  is  encountered,  the  elevation  of  the  outcrop  is  shown,  £ 
and  if  the  rock  underlies  the  road  for  any  distance  within  2  or  JJ 
3'  of  the  surface,  this  depth  is  determined  by  driving  bars.  Sample  ^ 
notes  are  shown  beyond . 
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Station 

Left 

Center  Line 

Right 

1 

62 
63 

3^ 

20 

25 

2J*' 

OO 

1.2' 
OO 

20 
1.0' 

22 



The  note  —  means  that  20'  to  the  left  of  the  proposed  center 

20 
le  of  the  improvement  the  rock  is  3.5'  below  the  present  surface; 
om  these  notes  the  rock  can  be  readily  plotted  on  the  cross- 
ctions.     Its  character  can  be  determined  from  adjacent  outcrops 
•  from  test  pits,  if  required. 

Location  and  Character  of  Materials.— The  selection  of  materials 
id  the  estimate  of  the  construction  cost  depend  on  a  knowledge 

the  available  materials  and  their  location  relative  to  the  road.  _ 

Provided  these  data  have  not  been  well  gathered  on  the  prelimi- 

iry  investigation  work,  it  should  be  obtained  at  this  stage.     The 

lethods  were  described  in  chapter  on  Preliminary  Investigation 

at  will  be  repeated  at  this  point  for  convenience. 

Unloading  Points  for  Freight—  Provided  U.  S.  geological  maps 
e  obtainable,  the  position  of  sidings  may  be  marked  on  the 
leets.  The  notes  for  each  siding  show  its  car  capacity,  whether 
r  not  an  elevator  unloading  plant  can  be  erected,  and  if  hand 
nloading  is  necessary  whether  teams  can  approach  from  one 
de  or  two.  '  They  should  also  show  any  coal  trestles  that  can 
e  utilized  in  unloading,  and  the  location  and  probable  cost  of 
ny  new  sidings  that  will  materially  reduce  the  length  of  the  haul, 
anal  or  river  unloading  points  are  shown  in  the  same  manner. 

Sandy  Gravel,  and  Filler  Material— -The  position  of  sand  and 
ravel  pits  and  filler  material  are  noted  with  their  cost  at  the 
it;  if  no  local  material  is  available  the  cost  f.o.b.  at  the  nearest 
ding  is  given.  . 

Stone  Supply— Provided  imported  stone  is  to  be  used  the  work 
,  simplified  to  determining  the  rate  f.o.b.  to  the  various  sidings 
Dr  the  product  of  the  nearest  commercial  stone-crushing  plant 
hat  produces  a  proper  grade  of  stone. 

In  case  local  stone  is  available  the  location  of  the  quarries  or 
utcrops  is  shown,  the  amount  of  stripping,  if  any,  and  the  cost 
f  quarry  rights.     If  the  estimate  will  depend  upon  rock  owned  by 

single  person,  an  option  is  obtained  to  prevent  an  exorbitant 
aise  in  price.  .  .  .  „  , 

For  field  or  fence  stone  a  careful  estimate  is  made  of  the  number 
f  yards  of  boulder  stone  available,  the  owners'  names,  what  they 
Till  charge  for  it,  the  position  of  the  fences  or  piles  relative  to  the 
oad,  or  side  roads,  and  if  the  fences  are  not  abutting  on  a  road  or 
me  the  length  of  haul  through  fields  to  the  nearest  road  or  lane. 
Ls  fences  are  usually  a  mixture  of  different  kinds  of  rock,  the 
ngineer  estimates  the  percentage  of  granite,  limestone,  sandstone, 
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etc.,  and  the  percentage  that  will  have  to  be  blasted  or  sledged  i 
order  to  be  crushed  by  an  ordinary  portable  crusher.  The  amoun 
of  field  stone  required  per  cubic  yard  of  macadam  is  given  in  est: 
mates  (p.  1 130) .  If  there  is  a  large  excess  of  stone  a  careful  estimat 
need  not  be  made,  only  enough  data  being  collected  to  determin 
the  probable  position  of  the  crusher  set-ups  and  the  average  hai 
to  each  set-up.  If  a  sufficient  supply  is  doubtful,  a  close  estimat 
is  made  as  outlined  above  and  options  obtained  from  the  variou 
owners. 

Samples  of  the  different  rocks  are  tested  (see  Materials). 
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Stone  Est. 


/.  &eo.Barber  /OOP  cu.  yds.  Fence 
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as  abore 


3.  Mike  O'Donne/l  SOO  cu  vdT. 


Large  Granite  Boulder^  7S7„  must 


be  Blasted 


25 


■4-.  Old  Limestone  G>uarry   2p' face 
Samples  taken-  locks  good  for  Top  SI 


Fig.  275.A. — Location  of  local  materials. 

Cost  of  Preliminary  Surveys. — Preliminary  surveys  of  the  precec 
ing  description  should  be  made  at  a  speed  of  from  2  to  4  miles  pc 
week  at  a  cost  of  from  $70  to  $150  per  mile,  allowing  $10  per  da 
for  the  engineer,  $7  for  the  instrument  man,  $4  per  man  for  thre 
laborers,  $2  per  day  board  per  man,  and  $4  per  day  for  livery. 

Right-of-way  and  diversion-line  surveys  are  often  needed,  bu 
are  usually  not  made  at  this  time;  if  the  designer  believes  tha 
additional  land  must  be  acquired  or  that  a  diversion  fine  is  necessar) 
he  indicates  the  information  desired  and  the  surveys  are  made. 

Right-of-way  Surveys. — These  surveys  are  used  not  only  t 
show  the  amount  of  land  to  be  acquired,  but  also  the  damage  t 
property  from  altering  the  shape  of  a  field,  cutting  a  farm  in  twc 
changing  the  position  of  a  house  or  barn  relative  to  the  road,  etc. 

The  acreage  to  be  taken  is  shown  by  an  ordinary  land  surve; 
in  which  the  road  lines,  property  lines,  corners,  etc.,  are  locatet 
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relation  to  the  proposed  center  line  of  the  improvement,  and 
heir  lengths  and  bearings  carefully  determined.  It  is  often 
ifficult  to  locate  the  road  boundaries,  as  town  records  are  care- 
issly  kept  and  there  is  a  general  tendency  to  encroach  on  the 
oad.  As  the  amount  paid  for  new  right  of  way  is  rarely  settled 
n  an  acreage  basis,  it  is  customary  to  take  the  existing  fence 
nes  as  the  road  line  unless  it  is  very  evident  that  the  fence  has 
een  moved.  This  produces  better  feeling  on  the  part  of  the 
property  owner  and  does  not  affect  the  price  paid.  The  lines 
etween  adjoining  properties  are  usually  well  defined. 

In  cases  where  an  orchard  is  damaged  the  position  and  size  of 
he  trees  are  noted;  where  a  field  or  farm  is  cut  the  whole  field  is 
hown,  with  the  shape  and  acreage  of  the  pieces  remaining  after 
he  land  actually  appropriated  has  been  taken  out. 

As  is  usually  done  in  all  land  surveys,  the  parcel  to  be  bought 

traversed  and  the  survey  figured  for  closure  error  to  insure 
he  description  against  mistakes. 

The  standard  form  of  map  and  description  of  the  N.  Y.  State 
Department  is  shown  in  the  following  illustration:  No.  276. 

Figure  276  A  shows  another  simple  method  which  ties  in  the 
>ack  line  by  offset  distance.  This  method  is  easier  and  serves  the 
mrpose  very  well. 
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Table    137. — Horizontal    Distances    and    Elevations    fro:  -& 

Stadia  Readings1 


Minutes 


O 

2 

4 

6 

8 

10 

12 

14 

16 
18 
20 

22 
24 
26 
28 
30 

32 
34 
36 
38 
40 

42 

44 
46 
48 
So 

52 
54 
56 
58 
60 


c  =  0.75 


c  =  1. 00. 


Hor. 
Dist. 


IOO.OO 
100.00 
IOO.OO 
IOO.00 
100.00 
IOO.OO 

IOO.OO 
IOO.OO 
100.00 
IOO.OO 
IOO.OO 

IOO.OO 

IOO.OO 

99.99 

99.99 

99.99 

99.99 
99.99 
99.99 
99.99 
99.99 

99.99 
99.98 
99.98 
99.98 
99.98 

99.98 
99.98 
99-97 
99-97 
99-97 


o.75 


Diff. 
Elev. 


I. OO 


c  =  1.25 


1.25 


0.00 
0.06 
0.12 
0.17 
0.23 
0.29 

o.35 

0.41 
0.47 
0.52 
0.58 

0.64 
0.70 
0.76 
0.81 
0.87 

°-93 
0.99 
1.05 
1. 11 
1.16 

1.22 
1.28 

1-34 

1.40 

1-45 

i-5i 
i-57 
1.63 
1.69 
1.74 


0.01 


Hor. 
Dist. 


99-97 
99-97 
99-97 
99.96 
99.96 
99.96 

99.96 
99-95 
99-95 
99-95 
99-95 

99.94 
99.94 
99.94 
99-93 
99-93 

99-93 
99-93 
99.92 
99.92 
99.92 

99.91 
99.91 
99.90 
99.90 
99.90 

99.89 
99.89 
99.89 
99.88 
99.88 


Diff. 
Elev. 


1.74 
1.80 
1.86 
1.92 
1.98 
2.04 

2.09 

2.15 
2.21 

2.27 
2-33 

2.38 
2.44 
2.50 
2.56 
2.62 

2.67 

2-73 
2.79 
2.85 
2.91 

2.97 
3.02 
3.0S 

3-14 
3.20 

3.26 

3-31 
3-37 
3-43 
3-49 


0.01  i     0.75 


1. 00 


0.02       1.25 


0.02 


0.03 


0.03 


Hor. 
Dist. 


99.88 
99.87 
99.87 
99.87 
99.86 
99.86 

99-85 
99-85 
99.84 
99.84 
99-83 

99-83 
99.82 
99.82 
99.81 
99.81 

99.80 
99.80 
99-79 
99-79 
99.78 

99.78 
99-77 
99-77 
99.76 
99.76 

99-75 
99-74 
99-74 
99-73 
99-73 


o-75 


1. 00 


1. 25 


Diff. 
Elev. 


49 
•55 
.60 
.66 
.72 
.78 


3-84 
3-9o 
3-95 
4.01 
4.07 

4-i3 

4.18 
4.24 
4-3o 
4-36 

4.42 
4.48 
4-53 
4-59 
4-65 

4.71 
4.76 
4.82 
4.88 
4.94 

4.99 
5 -05 
5-n 
5-i7 
5-23 


0.03 


0.04 


0.05 


Hor. 
Dist. 


99-73 
99.72 
99.71 
99.71 
99.70 
99.69 

99.69 
99.68 
99.68 
99.67 
99.66 

99.66 

99-65 
99.64 

99-63 
99-63 

99.62 
99.62 
99.61 
99.60 
99-59 

99-59 
99-58 
99-57 
99-56 
99-56 

99-55 
99-54 
99-53 
99-52 
99-51 


o.75 


1. 00 


1.25 


1  From  "Theory  and  Practice  of  Surveying,"  by  Prof.  J.  B.  Johnson.  Xe 
York;  John  Wiley  &  Sons.     We  are  enabled  to  use  this  form  through  tt  I 
courtesy  of  Prof.  J.  B.  Johnson. 
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able    137. — Horizontal     Distances     and    Elevations    from 
Stadia  Readings. — Continued 


Minutes 


52 

54 
56 
58 
60 


Hor. 
Dist. 


99-51 
99-51 
99-50 
99-49 
99.48 

99-47 

99.46 
99.46 
99-45 
99-44 
99-43 

99.42 
99.41 
99.40 
99-39 
99-38 

99-38 
99-37 
99-36 
99-35 
99-34 

99-33 
99-32 
99-31 
99-3Q 
99.29 

99.23 
99.27 
99.26 

99-25 
99.24 


Diff. 
Elev. 


o.75  •!    0.75 


c  =  1.25.1 


1. 00 


1-25 


6.96 

7.02 

7.07 

7.13 
7.19 

7-25 

7-3o 
7-36 
7.42 
748 
7-53 

7-59 
7-65 
7.71 
7.76 
7.82 

7.88 
7-94 
7-99 
8.05 
8.11 

8.17 

8.22 
8.28 

8-34 
8.40 

8-45 
8.51 

8-57 
8.63 
8.68 

0.06 

0.08 

0.10 


Hor. 
Dist. 


99.24 

99-23 
99.22 
99.21 
99.20 
99.19 

99.18 
99.17 
99.16 

99-15 
99.14 

99-13 
99.11 
99.10 
99.09 
99.08 

99.07 
99.06 

99-o5 
99.04 

99-o3 

99.01 
99.00 

98.99 
98.98 
98.97 

98.96 
98.94 

98.93 
98.92 

98-91 
o-75 
0.99 
X.24 


Diff. 
Elev. 


8.68 

8-74 
8.80 
8.S5 
8.91 
8.97 

9.03 
9.08 
9.14 
9.20 
9-25 

9.31 
9-37 
9-43 
9.48 

9-54 

9.60 

9.65 
9.71 

9-77 
9.83 

9.88 

9.94 

10.00 

10.05 

10.11 

10.17 
10.22 
10.28 
10.34 

10.40 

0.07 
0.09 

O.II 


Hor. 
Dist. 


Diff. 
Elev. 


98.91 
98.90 
98.88 
98.87 
98.86 
98.85 

98.83 
98.82 
98.81 
98.80 
98.78 

98.77 
98.76 
98.74 

98.73 
98.72 

98.71 
98.69 
98.68 
98.67 
98.65 

98.64 
98.63 
98.61 
98.60 
98.58 

98.57 
98.56 
98.54 
98.53 
98.5I 

o.75 

0.99 

I.24 


10.40 
10.45 
10.51 
10.57 
10.62 
10.68 

10.74 
10.79 
10.85 
10.91 
10.96 

11.02 
11.08 

II. 13 

II. 19 
11.25 

H.30 
II.36 
11.42 
11.47 
n-53 

n-59 
11.64 
11.70 
11.76 
11.81 

11.87 

11-93 
11.98 
12.04 
12.10 

0.08 

O.II 

0.14 


Hor. 
Dist. 


Diff. 
Elev. 


98.51 
98.50 
98.48 

98.47 
98.46 
98.44 

98.43 
98.41 
98.40 
98.39 
98.37 

98.36 
98.34 
98.33 
98.31 
98.29 

98.28 
98.27 

98.25 
98.24 
98.22 

98.20 
98.19 
98.17 
98.16 
98.14 

98.13 
98.II 
98.IO 
98.08 
98.06 

0.74 
O.99 
I.24 


I2.IO 
12.15 
12.21 
12.26 
12.32 
12.38 

12.43 
12.49 

12.55 
I2.6o 

12.66 

12.72 

12-77 
12.83 
12.88 
12.94 

13.00 

13.05 
13. 11 

13.17 
13.22 

13-28 
13.33 
13.39 
1345 
13.50 

13.56 
13.61 

13.67 
13.73 
13-78 

O.IO 

0.13 

0.16 
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Table     137. — Horizontal    Distances    and    Elevations    fro 
Stadia  Readings. — Continued 


Minutes 


O 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

So 

52 

54 

56 

58 

60 

c  =  0.75 

c  =  1. 00. 

c  -  1.25. 


Hor. 
Dist. 


98.06 
98.05 
98.03 
98.01 
98.OO 
97.98 

97-97 
97-95 
97-93 
97.92 

97.90 

97.88 
97.87 
97.85 
97-83 
97.82 

97.80 
97.78 
97.76 

97-75 
97.73 

97.71 
97.69 
97.68 
97.66 
97.64 

97.62 
97.61 

97-59 
97-57 
97.55 

0.74 

0.99 
1.23 


Diff. 
Elev. 


13.78 
13.84 
13.89 

13.95 
14.OI 
14.06 

14.12 
14.17 
14.23 
14.28 
14-34 

14.40 
14.45 
I4.5I 
14.56 
14.62 

14.67 

14.73 
14.79 
14.84 
14.90 

14-95 
15.01 
15.06 
15.12 
15.17 

I5.23 
15.28 

15.34 
15.40 

15-45 
O.II 

0.15 
0.18 


Hor. 
Dist. 


97-55 
97-53 
97-52 
97-50 
97.48 
97.46 

97-44 
97-43 
97.41 

97.39 
97-37 

97-35 
97-33 
97-31 
97.29 
97.28 

97.26 
97.24 
97.22 
97.20 
97.18 

97.16 
97.14 
97.12 
97.10 
97.08 

97.06 
97.04 
97.02 
97.00 
96.98 

o.74 

o.99 
1.23 


Diff. 
Elev. 


15-45 

15-51 
15-56 
15.62 

15.67 

15-73 

15-78 
15.84 
15.89 

15-95 
16.00 

16.06 
16.11 
16.17 
16.22 
16.28 

16.33 
16.39 

16.44 
16.50 

16.55 

16.61 
16.66 
16.72 
16.77 
16.83 

16.88 
16.94 
16.99 

17.05 
17.10 

0.12 

0.16 

0.21 


io^ 


Hor. 
Dist. 


96.98 
96.96 

96.94 
96.92 
96.90 
96.88 

96.86 
96.84 
96.82 
96.80 
96.78 

96.76 

96.74 
96.72 
96.70 
96.68 

96.66 
96.64 
96.62 
96.60 
96.57 

96.55 
96.53 
96.51 
96.49 
96.47 

96.45 
96.42 

96.40 

96.38 
96.36 

O.74 


Diff. 
Elev. 


0.98      O.I 


17.IO 
17.16 
17.21 
17.26 
17.32 
17-37 

17-43 
17.48 

17.54 

17-59 
17-65 

17.70 
17.76 
17.81 
17.86 
17.92 

17.97 
18.03 
18.08 
18.14 
18.19 

18.24 
18.30 
18.35 
18.41 
18.46 

18.51 

18.57 
18.62 
18.68 
18.73 

0.14 


1.23 


0.23 


114 


Hor. 
Dist. 


96.36 

96.34 
96.32 
96.29 
96.27 
96.25 

96.23 
96.21 
96.18 
96.16 
96.14 

96.12 
96.09 
96.07 
96.05 
96.03 

96.00 
95.98 
95.96 
95-93 
95-91 

95-89 
95-86 
95.84 
95.82 

95-79 

95-77 
95-75 
95.72 
95-70 
95-68 

o.73 
0.98 
1.22 
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\ble    137. — Horizontal    Distances    and    Elevations    from 
Stadia  Readings. — Continued 


I2fc 


13' 


i4L 


I5C 


Minutes 


o 

2 

4 
6 
8 
o 


1. 00 


1.25 


Hor. 
Dist. 


95-68 
95-65 
95-63 
95.61 

95.58 
95-56 

95-53 
95-51 
95-49 
95-46 
95-44 

95-41 
95-39 
95-36 
95-34 
95-32 

95-29 
95-27 
95.24 
95.22 

95-19 

95-17 
95.14 
95.12 

95.09 
95-07 

95.o4 
95-02 
94-99 
94-97 
94-94 

0-73 

0.98 

1.22 


Diff. 

Elev. 


Hor. 
Dist. 


20.34 
20.39 

20.44 
20.50 

20.55 
20.60 

20.66 
20.71 
20.76 
20.81 
20.87 

20.92 
20.97 
21.03 
21.08 
21.13 

21.18 
21.24 
21.29 
21.34 
21.39 

21.45 
21.50 

21-55 
21.60 
21.66 

21.71 
21.76 
21.81 
21.87 
21.92 

0.16 

0.22 

0.27 


94.94 
94.91 
94.89 
94.86 
94.84 
94.81 

94-79 
94.76 

94-73 
94.71 
94.68 

94.66 

94-63 
94.60 

94-58 
94-55 

94-52 
94.5o 

94-47 
94.44 
94.42 

94-39 
94-36 
94.34 

94.31 
94.28 

94.26 

94.23 
94.20 
94.17 
94-15 

o.73 

0.97 

1.21 


Diff. 
Elev. 


Hor. 
Dist. 


21.92 
21.97 
22.02 
22.08 
22.13 
22.18 

22.23 
22.28 
22.34 
22.39 
22.44 

22.49 

22.54 
22.60 
22.65 
22.70 

22.75 
22.80 
22.85 
22.91 
22.96 

23.01 
23.06 
23.II 
23.16 
23.22 

23.27 
23.32 
23.37 
23.42 

2347 
0.17 

O.23 
O.29 


94-iS 
94.12 
94.09 
94.07 

94.04 
94.01 

93.98 
93-95 
93-93 
1  93.90 
93.87 

93.84 
93.81 

93.79 
93.76 
93-73 

93.7o 
93.67 
93.65 
93.62 

93-59 

93.56 
93-53 
93.5o 
93-47 
93-45 

9342 
93-39 
93-36 
93-33 
93-3Q 

o.73 

o.97 
1. 21 


Diff. 
Elev. 


Hor. 
Dist. 


23-47 
23-52 
23.58 
23-63 
23.68 

23-73 

23.78 

23.83 
23.88 

23-93 
23.99 

24.04 
24.09 
24.14 
24.19 
24-24 

24.29 
24-34 
24-39 
24.44 

24.49 

24-55 
24.60 

24-65 
24.70 

24-75 

24.80 
24.85 
24.90 

24-95 
25.00 

0.19 

0.25 

0.31 


93-3o 
93-27 
93-24 
93.21 
93.18 
93.16 

93-13 
93.10 

93-o7 
93-o4 
93.01 

92.98 

92-95 
92.92 
92.89 
92.86 

92.83 
92.80 
92.77 
92.74 
92.71 

92.68 
92.65 
92.62 

92.59 
92.56 

92.53 
92.49 
92.46 

92.43 
92.40 

0.72 

0.96 

I.2o 


Diff. 
Elev. 


25,00 

25.0S 
25.IO 

25.I5 
25.20 

25.25 

25.30 
25-35 
25.40 

25-45 
25.50 

25.55 
25.60 

25.65 
25.70 

25-75 

25.80 

25-85 
25.00 

25-95 
26.00 

26.05 
26.10 
26.15 
26.20 
26.25 

26.30 
26.35 
26.40 

26.45 
26.50 

0.20 

0.27 

0.34 
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Table    137. — Horizontal    Distances    and    Elevations    frc 
Stadia  Readings. — Continued 


i6c 


Minutes 


o 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

3o 

32 

34 

36 

38 

40 

42 

44 

46 

48 

So 

52 

54 

56 

58 

60 

c  =  0.75^ 

C  =   I.OO. 

c  =  1.25. 


Hor. 
Dist. 


92.40 
92.37 
92.34 
92.31 
92.28 
92.25 

92.22 
92.19 

92.15 
92.12 
92.09 

92.06 
92.03 
92.00 
91.97 

91-93 

91.90 
91.87 
91.84 
91.81 
91.77 

91.74 
91.71 
91.68 
91.65 
91.61 

91.58 

91-55 
91.52 
91.48 
9J-45 

0.72 
0.96 
1.20 


Diff. 
Elev. 


26.50 

26.55 
26.59 
26.64 
26.69 
26.74 

26.79 
26.84 
26.89 
26.94 
26.99 

27.04 
27.09 
27.13 
27.18 
27.23 

27.28 

27-33 
27.38 

2743 
27.48 

27.52 

27.57 
27.62 
27.67 
27.72 

27.77 
27.81 
27.86 
27.91 
27.96 

0.21 
0.28 
o.35 


i7c 


Hor. 
Dist. 


91-45 
91.42 

91-39 
9!-35 
91.32 
91.29 

91.26 
91.22 
91.19 
91.16 
91.12 

91.09 
91.06 
91.02 
90.99 
90.96 

90.92 
90.89 
90.86 
90.82 
90.79 

90.76 
90.72 
90.69 
90.66 
90.62 

90-59 
9o.55 
90.52 
90.48 
9Q-45 

0.72 

0-95 
1.19 


Diff. 
Elev. 


27.96 
28.01 
28.06 
28.10 
28.15 
28.20 

28.25 
28.30 
28.34 
28.39 
28.44 

28.49 

28.54 
28.58 
28.63 
28.68 

28.73 

28.77 
28.82 
28.87 
28.92 

28.96 
29.01 
29.06 
29.11 
29.15 

29.20 
29.25 
29.30 
29-34 
29-39 

0.23 
0.30 
0.38 


iSc 


Hor. 
Dist. 


90.45 
90.42 
90.38 

90.35 
90.31 
90.28 

90.24 
90.21 
90.18 
90.14 
90.TI 

90.07 
90.04 
90.00 
89.97 
89-93 

89.90 
89.86 
89.83 
89.79 
89.76 

89.72 
89.69 

89.65 
89.61 

89.58 

89.54 
89.51 

89.47 
89.44 
89.40 

O.71 

0.95 
I.I9 


Diff. 
Elev. 


29.39 
29.44 
29.48 

29-53 
29.58 
29.62 

29.67 
29.72 
29.76 
29.81 
29.86 

29.90 

29-95 
30.00 
30.04 
30.09 

30.14 
30.19 

30.23 
30.28 

30.32 

3o.37 
30.41 
30.46 

30.51 
3o.55 

30.60 
30.65 
30.69 
30.74 
30-78 

0.24 
0.32 
0.40 


19^ 


Hor. 
Dist. 


89.40 
89.36 

89.33 
89.29 
89.26 
89.22 

89.18 
89.15 
89.11 
89.08 
89.04 

89.00 
88.96 

88.93 
88.89 
88.86 

88.82 
88.78 

88.75 
88.71 
88.67 

88.64 
88.60 
88.56 

88.53 
88.49 

88.45 
88.41 
88.38 
88.34 
88.30 

0.71 
0.94 


1. 18     0.42 
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Table  137. — Horizontal    Distances    and    Elevations    from 
Stadia  Readings. — Continued 


20" 


2IV 


22 


23 


Minutes. 

O 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22  ..... 
24  . . .  . 
26 

28 

30 

32 

34 

36 

38 

40 

42  . . .  . 
44  ..... 

46 

48 

So 

52 

54 

56 

58 

60 

c  =  0.75. 

c  =  1. 00. 

c=V-25. 


Hor. 
Dist. 


88.30 
88.26 
88.23 
88.19 
88.15 
88.11 

88.08 
88.04 
88.00 
87.96 
87-93 

87.89 
87.85 
87.81 
87.77 
87.74 

87.70 
87.66 
87.62 
87.58 
87.54 

87-51 
8747 
87.43 
87.39 
87.35 

87.31 

87.27 
87.24 
87.20 
87.16 

0.70 

o.94 
1.17 


Diff. 
Elev. 


Hor. 
Dist. 


32.14 
32.18 

32.23 
32.27 

32-32 
32.36 

32.41 
32.45 
32.49 
32.54 
32.58 

32.63 
32.67 
32.72 
32.76 
32.80 

32.85 
32.89 

32-93 
32.98 

33-Q2 

33-°7 
33-11 
33-*5 

33-2Q 

33.24 

33-28 
33-33 
33-37 
33-41 
33-46 

0.26 

o.35 

0.44 


87.16 
87.12 
87.08 
87.04 
87.00 
86.96 

86.92 
86.88 
86.84 
86.80 
86.77 

86.73 
86.69 

86.65 
86.61 
86.57 

86.53 
86.49 

86.45 
86.41 
86.37 

86.33 
86.29 
86.25 
86.21 
86.17 

86.13 
86.09 
86.05 
86.01 
85-97 

0.70 

o-93 
1. 16 


Diff. 
Elev. 


Hor. 
Dist. 


33-46 
33-50 
33-54 
33-59 
33.63 
33.67 

33.72 
33-76 
33-8o 
33-84 
33.89 

33-93 
33-97 
34.01 
34.06 
34.10 

34-14 
34.18 
34.23 
34.27 
34.31 

34-35 
3440 
34-44- 
3448 
34.52 

34-57 
34.61 

34.65 
34-69 
34.73 

0.27 

o.37 
0.46 


85.97 

85-93 
85.89 

85.85 
85.80 
85.76 

85.72 
85.68 
85.64 
S5.60 
85.56 

85.52 
85.48 
85-44 
85.40 

85.36 

85.31 

85.27 

85-23 
85.19 

85.15 

85.11 
85.07 
85.02 
84.98 
84.94 

84.90 
84.86 
84.82 
84.77 
84.73 

0.69 
0.92 
I-I5 


Diff. 
Elev. 


34-73 
34-77 
34.82 
34-86 
34-9o 
34-94 

34-98 
35-o2 
35-07 
35-** 
35-15 

35-19 

35-23 
35.27 
35.31 
35-36 

35-4o 
35-44 
35-48 
35-52 
35-56 

35-6o 
35-64 
35-68 
35-72 
35-76 

35-8o 
35-85 
35-89 
35-93 
35-97 

0.29 

0.38 
0.48 


Hor. 
Dist. 

84.73 
84.69 

84.65 
84.61 

84.57 
84.52 

84.48 

84.44 
84.40 

84.35 
84.31 

84.27 
84.23 
84.18 
84.14 
84.IO 

84.06 
84.01 
83-97 
83-93 
83.89 

83.84 
83.80 
83.76 
83.72 
83.67 

83.63 
83-59 
83.54 
83.50 
8346 

O.69 
O.92 


Diff. 
Elev. 


35-97 
36.01 

36.05 
36.09 

36.13 
36.17 

36.21 
36.25 
36.29 

36.33 
36.37 

36.41 
36.45 
36.49 
36.53 
36.57 

36.61 
36.65 
36.69 
36.73 
36.77 

36.80 
36.84 
36.88 
36.92 
36.96 

37.00 

37.04 
37.08 
37.12 
37-i6 

0.30 

0.40 

0.50 
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Table  137. — Horizontal    Distances    and    Elevations    from 
Stadia  Readings. — Continued 


24" 


Minutes 


O 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

5o 

52 

54 

56 

58 

60 

c  =  0.75 

c  =  1.00 

c  =  1.25 


Hor. 
Dist. 


83.46 
83.41 
83-37 
83-33 
83.28 

83.24 

83.20 

83.I5 
83.11 
83.07 
83.02 

82.98 
82.93 
82.89 

82.85 
82.80 

82.76 

82.72 
82.67 
82.63 
82.58 

82.54 

82.49 
82.45 
82.41 
82.36 

82.32 
82.27 
82.23 
82.18 
82.14 

O.68 

O.91 

I.14 


Diff. 
Elev. 


37.16 
37.20 
37.23 
37-27 
37-31 
37-35 

37-39 
3743 
37-47 
37-5i 
37-54 

37-58 
37.62 
37.66 
37.7o 
37-74 

37-77 
37-8i 
37.85 
37-89 
37-93 

37-96 
38.00 
38.04 
38.08 
38.11 

38.15 
38.19 
38.23 
38.26 

38.30 
0.31 

0.41 
0.52 


25' 


Hor. 
Dist. 


82.14 
82.09 
82.05 
82.01 
81.96 
81.92 

81.87 
81.83 
81.78 

81.74 
81.69 

81.65 
81.60 
81.56 
81.51 
81.47 

81.42 
81.38 

81.33 
81.28 
81.24 

81.19 
81.15 
81.10 
81.06 
81.01 

80.97 
80.92 
80.87 
80.83 
80.78 

0.68 

O.90 

i-i3 


Diff. 
Elev. 


38.30 
38.34 
38.38 
38.41 
38.45 
38.49 

38.53 
38.56 
38.60 
38.64 
38.67 

38.71 
38.75 
38.78 
38.82 
38.86 

38.89 
38.93 
38.97 
39.00 

39.04 

39.08 
39-11 
39-15 
39.18 
39.22 

39.26 
39.29 
39-33 
39-36 
39-4Q 

0.32 

0.43 
0.54 


26< 


Hor. 
Dist. 


80.78 
80.74 
80.69 
80.65 
80.60 
80.55 

80.51 
80.46 
80.41 

80.37 
80.32 

80.28 
80.23 
80.18 
80.14 
80.09 

80.04 
80.00 

79-95 
79.90 
79.86 

79.81 
79.76 
79.72 
79.67 
79.62 

79.58 

79-53 
79.48 

79-44 
79-39 

0.67 
0.S9 
1. 12 


Diff 
Elev. 


39-40 
39-44 
39-47 
39-51 
39-54 
39.58 

39.61 
39.65 
39-69 
39-72 
39-76 

39-79 
39-83 
39.86 

39-9o 
39-93 

39-97 
40.00 
40.04 
40.07 
40.11 

40.14 
40.18 
40.21 
40.24 
40.28 

40.31 
40.35 
40.38 
40.42 

4Q-45 

o.33 

o.45 
0.56 


27^ 


Hor.       Diff. 
Dist.       Elev. 


79-39 
79-34 
79-30 

79-25 
79.20 

79-15 

79.11 
79.06 
79.01 
78.96 
78.92 

78.87 
78.82 

78.77 
78.73 
7S.68 

78.63 

78.58 
78.54 
78.49 
78.44 

78.39 
78.34 
78.30 
78.25 
78.20 

78.15 
78.10 
78.06 
78.01 
77-96 

0.66 
0.89 
1. 11 
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Table  137. — Horizontal  Distances  and  Elevations  from 
Stadia  Readings. — Concluded 


28° 


29 


3o- 


Minutes 


o 

2 

4 

6 

8 

10 


Hor. 
Dist. 


77.96 
77.91 
77.86 
77.81 

77-77 
77.72 

77.67 
77.62 

77-57 
77-52 
77.48 

77.42 

77.38 

77-33 
77.28 

77-23 

77.18 

77.13 
77.09 
77.04 
76.99 

76.94 
76.89 
76.84 
76.79 
76.74 

76.69 
76.64 
76.59 
76.55 
76.50 

0.66 
0.88 

I.IQ 


Diff. 
Elev. 


41-45 
41.48 
41.52 

41-55 
41.58 
41.61 

41.65 
41.68 
41.71 
41.74 
41-77 

41.81 
41.84 
41.87 
41.90 
41-93 

41.97 
42.00 
42.03 
42.06 
42.09 

42.12 

42.15 
42.19 
42.22 
42.25 

42.28 
42.31 
42.34 
42.37 
42.40 

0.36 

0.48 

0.60 


Hor. 
Dist. 


76.50 

76.45 
76.40 

76.35 
76.30 
76.25 

76.20 

76.15 
76.10 
76.05 
76.00 

75-95 

75-90 
75.85 
75.80 

75-75 

75-7Q 

75-65 
75.60 

75-55 
75.5o 

75-45 

75-40 
75-35 
75-3o 
75-25 

75.20 

75-15 
75-IO 

75-05 
75.oo 

0.65 

0.87 

1.09 


Diff. 
Elev. 


42.40 

42.43 
42.46 
42.49 

42.53 
42.56 

42.59 
42.62 
42.65 
42.68 
42.71 

42.74 
42.77 
42.80 
42.83 
42.86 

42.89 
42.92 

42.95 
42.98 
43.OI 

43-04 
43-07 
43.IO 

43-13 
43-16 

43-iS 
43-21 
43.24 
43-27 
43-3Q 

o.37 

0.49 

0.62 


Hor. 
Dist. 


75.00 

74-95 
74.90 

74.85 
74.80 

74-75 

74.70 

74-65 
74.60 

74-55 
7449 

74-44 
74-39 
74.34 
74.29 

74.24 

74.19 

74.14 
74.09 
74.04 
73-99 

73-93 
73-88 

73.83 
73-78 
73-73 

73.68 

73-63 
73.58 
73-52 
73-47 

0.65 

0.86 
1.08 


Diff. 
Elev. 


43-30 
43-33 
43.36 
43-39 
43-42 
43-45 

43-47 
43-50 
43-53 
43-56 
43-59 

43.62 
43-65 
43-67 
43-7o 
43-73 

43-7^ 
43-79 
43.82 

43.84 
43.87 

43-90 
43-93 
43-95 
43-98 
44-oi 

44.04 
44.07 
44.09 
44.12 
44-15 

0.38 

0.51 
0.64 


852  SURVEY  DATA 

Diversion-line  Surveys. — Where  there  is  no  doubt  as  to  the 
grade  to  be  adopted,  or  the  alignment  to  be  used,  the  locatior 
is  made  directly  in  the  field  and  the  center  line  is  run  and  the  cross 
sections  taken  in  the  same  manner  as  for  a  preliminary  survey 
If,  however,  the  country  is  badly  cut  up  and  it  is  difficult  to  mak< 
a  field  location  direct,  a  transit  stadia  survey  is  made  covering  th< 
territory  that  will  include  all  the  possible,  locations,  and  from  thi 
resulting  contour  map  the  different  locations  are  projected  an( 
approximate  estimates  figured.  The  adopted  line  is  then  run  ii 
the  field,  cross-sections  taken  in  the  usual  manner,  and  an  accurat 
estimate  made.  This  method  is  used  so  seldom  that  the  autho 
does  not  feel  justified  in  giving  much  space  to  the  theory  of  stadi; 
measurements  or  the  methods  of  stadia  surveys  (see  p.  932).  I 
the  reader  is  not  familiar  with  this  class  of  work  he  is  referred  to  th 
standard  works  on  surveying. 

A  convenient  scale  for  a  contour  map  for  the  projection  wor 
mentioned  above  is  1"  =  20'  with  a  contour  interval  of  1  to  5' 
depending  on  the  country.  Table  137  is  useful  for  reducing  stadi 
notes.  For  a  small  number  of  shots  this  table  and  a  slide  rule  wi 
answer  the  purpose;  for  any  extended  amount  of  work  a  stadi 
reduction  diagram  or  Noble  &  Casgrain's  tables  are  recommended. 

If  the  stadia  work  is  well  done  very  satisfactory  projection  | 
can  be  made.     A  reasonable  closure  error  for  stadia  surveys  is  5  f' 
per  mile  horizontal  distances  line  closure.     0.3  ft.  per  mile  vertici 
elevation  closure  and  individual  contour  shots  0.2  in  error. 
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Adjustment  of  Instruments 

Instruments  must  be  kept  in  perfect  adjustment  and  the  fin 
page  of  survey  notes  for  any  job  should  contain  the  signed  statt 
ment  of  the  Engineer  in  charge  that  all  instruments  were  in  goo   :: 
adjustment  at  all  times. 

Y-level.     To  Make  the  Line  of  Collimation  Parallel  to  the  Telescoj   | 
Rings. — Level  the  instrument  roughly.     Loosen  the  Y-clamps  s 
the  telescope  can  turn  freely  in  them;  clamp  the  horizontal  motio 
and  by  means  of  the  leveling  screws  and  tangent  motion  bring  tl: 
intersection  of  the  cross-hairs  on  some  well-defined  point.     Thei   j 
without  lifting  from  the  Y's,  turn  the  telescope  over  1800,  watchin 
to  see  if  the  cross-wires  remain  on  the  point  during  the  operatioi   t 
if  they  do,  the  adjustment  is  correct;  if  they  do  not,  correct  one-ha 
the  apparent  error  for  both  vertical  and  horizontal  wires  by  mear   [ 
of  the  cross-hair  ring,  adjusting  screws,  and  repeat  until  the  wire 
remain  on  the  point  for  a  complete  revolution. 

To  Make  the  Longitudinal  Axis  of  the  Level  Bubble  Parallel  to  tl 
Plane  of  the  Line  of  Collimation. — Level  the  machine  over  either  pa 
of  leveling  screws;  unclamp  the  Y's;  rotate  the  telescope  in  the  Y 
until  the  bubble  tube  is  on  one  side  of  the  bar.  If  the  bubb' 
remains  in  the  center,  the  adjustment  is  correct.  If  it  runs  from  tr 
center  bring  it  to  its  correct  position  by  means  of  the  side  wis 
adjusting  screw  at  one  end  of  the  bubble  case. 

To  Make  the  Bubble  Parallel  to  the  Rings  and  Line  of  Collimation  .- 
Level  the  machine;  unclamp  the  Y's;  lift  the  telescope  carefull 
from  the  Y's  and  reverse  end  for  end;  if  the  bubble  runs  to  the  cent* 
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ADJUSTMENT  OF  INSTRUMENTS  853 

fter  the  telescope  has  been  reversed  the  adjustment  is  correct; 
:  not,  correct  one-half  the  error  by  means  of  the  adjusting  nuts  on 
he  bubble  case  and  one-half  the  error  with  the  leveling  screws  and 

?eat  the  test  until  the  bubble  remains  in  the  center. 

To  Adjust  the  Y's  so  the  Level  Bubble  Will  Be  at  Right  Angles  to 
he  Axis  of  the  Instrument. — Level  the  machine  approximately  over 
oth  sets  of  screws;  level  carefully  over  one  set;  rotate  on  the  spindle 
8o°;  if  the  bubble  remains  in  the  center  the  adjustment  is  correct; 
t  not,  correct  one-half  the  error  by  means  of  the  adjusting  nuts 
n  the  Ys  and  one-half  by  the  leveling  screws.  Repeat  until  the 
ubble  remains  in  the  center  when  reversed  over  either  pair  of 
sveling  screws. 

To  Test  the  Horizontal  Wire. — Be  sure  that  the  pin  in  the  Y-clamp 

in  the  notch  of  the  telescope  ring  to  keep  the  telescope  from 
otating;  level  the  machine  and  compare  the  horizontal  wire  with 
ny  level  line;  if  the  wire  is  not  level  loosen  the  cross- wire  ring  and 
urn  to  the  correct  position.  Adjust  again  for  collimation  and  the 
evel  adjustments  are  complete. 

Dumpy  Level.  To  Make  the  Bubble  Perpendicular  to  the  Axis 
f  the  Instrument. — Level  the  machine  roughly  over  both  sets  of 
eveling  screws  and  carefully  over  one  set;  rotate  on  the  pinion  1800; 
"  the  bubble  stays  in  the  center  the  adjustment  is  correct;  if  not, 
orrect  one-half  the  error  by  means  of  the  bubble  adjusting  nut  and 
ne-half  by  the  leveling  screws,  and  repeat  until  correct. 

To  Make  the  Horizontal  Line  of  Collimation  Parallel  to  the  Level 
'ubble. — Level  the  machine;  drive  a  stake  about  150  or  200'  from 
istrument  and  set  the  level  rod  target  by  the  horizontal  wire;  rotate 
lie  instrument  1800  and  set  another  stake  at  the  same  distance 
:om  the  machine  as  the  first  one;  drive  it  until  a  rod  reading  taken 
n  it  is  the  same  as  the  reading  on  the  first  stake.  These  stakes  will 
hen  be  level  even  though  the  machine  is  out  of  adjustment.  Then 
5t  the  level  up  near  one  of  the  stakes;  level  carefully  and  take  rod 
adings  on  both;  if  these  readings  are  the  same  the  level  is  in  adjust- 
aent;  if  not,  correct  the  position  of  the  horizontal  wire  by  means  of 
he  cross-wire  ring  screws  until  the  readings  on  both  stakes  are  the 
ame. 

Test  the  ftorizontal  wire  on  a  level  line  in  the  same  manner  as  for 
ie  Y -level. 

Transit.  Plate  Levels. — Level  the  machine  with  each  plate  level 
ubble  parallel  to  one  set  of  leveling  screws;  rotate  on  the  spindle 
8o°;  if  the  bubbles  remain  the  in  center  the  adjustment  is  correct: 

not,  correct  one-half  the  error  with  the  bubble  adjusting  screws 
nd  one-half  with  the  leveling  screws.     Repeat  until  correct. 

Line  of  Collimation,  Ordinary  Distances. — Level  the  machine; 
lamp  the  horizontal  motion;  with  the  slow-motion  screw  set  the 
ertical  cross-wire  on  some  well-defined  point  500  or  600'  away; 
I  ransit  the  telescope  and  set  a  mark  the  same  distance  in  the 
pposite  direction;  then  rotate  the  machine  on  the  spindle,  set  on 
ie  first  mark,  and  transit  the  telescope;  if  the  vertical  wire  strikes 
second  point  the  adjustment  is  correct;  if  not,  correct  one- 
)urth  the  error  by  means  of  cross-wire  ring  adjusting  screws  and 
?peat  until  correct. 
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To  Make  the  Standards  the  Same  Height. — Level  the  machine 
carefully;  set  the  vertical  wire  on  some  well-defined  point  as  high 
as  can  be  seen;  bring  the  telescope  down  and  set  a  point;  rotate 
the  machine  1800;  transit  the  telescope  set  on  the  low  point  and 
raise  the  telescope;  if  the  wire  bisects  the  original  high  point  the 
adjustment  is  correct;  if  not,  correct  one-half  the  error  by  means 
of  the  standard  adjusting  screw. 

Test  the  vertical  wire  by  means  of  a  plumb  line  to  see  that  it 
is  vertical;  if  not,  loosen  the  cross-hair  ring  and  turn  to  the  correct 
position;  test  again  for  collimation. 

If  the  transit  is  to  be  used  as  a  level  make  the  level  bubble 
parallel  to  the  horizontal  wire  by  the  two-peg  method  in  the  same 
manner  as  described  for  the  Dumpy  level. 

Explanation  of  Curve  Tables  and  Development  of  Curve  Formu- 
las.— Curves  for  road  work  need  not  be  so  carefully  worked  out  aj 


in  railroad  surveying.  Except  for  long  curves  the  external  i 
usually  measured  and  the  curve  run  in  by  the  eye,  and  for  thi 
reason  many  of  the  tables  given  in  the  railway  field  manuals  ar 
omitted  and  those  used  are  tabulated  in  a  different  form. 

Table  138,  Radii  of  Curves. — The  curve  radii  are  computed  on  ; 
basis  of  5730'  as  the  radius  of  a  i°  curve  and  are  inversely  propoi 
tional  to  the  degree  of  curvature;  they  are  tabulated  to  the  neares 
0.1'.  The  usual  columns  showing  logarithm  of  radius,  tangen 
offset,  and  middle  ordinate  are  replaced  by  the  deflection  angl 
per  foot  of  arc,  per  25'  of  arc,  and  per  50'  of  arc,  which  saves  con 
siderable  time  in  the  computation  of  deflections.  These  value 
are  tabulated  only  for  even  degree,  20,  30  and  40'  curves,  as  ther 
is  always  sufficient  leeway  both  in  the  external  and  tangent  t 
select  a  suitable  curve  from  this  list. 

Table  139,  Functions  of  i°  Curve. — Column  1  gives  the  centra 
angle  A  for  every  io'  from  o'  to  40,  every  minute  4  to  ioo°,  and  ever 
io'  100  to  1200. 
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Column  2  gives  the  same  central  angle  as  in  column  1  expressed 
in  decimals  of  a  degree.     This  simplifies  figuring  the  curve  length. 

Columns  3  and  4  give  the  tangent  and  external  for  the  central 
angles  of  column  1  to  the  nearest  0.1'.  By  the  use  of  the  chord 
lengths  recommended  at  the  top  of  each  page  of  this  table  no 
correction  need  be  made  for  tangent  length  or  external  distance 
of  any  desired  curve,  figured  by  dividing  the  value  given  in  the 
table  by  the  degree  of  curvature  required. 

The  error  that  is  introduced  by  the  use  of  these  chords  is  less 
than  0.1'  per  100',  which  is  the  allowable  limit  of  error  in  chaining 
center  line. 

For  the  convenience  of  readers  not  familiar  with  the  theory  of 
curves  and  the  computation  of  curve  notes,  the  following  brief  dem- 
onstration is  made: 

Radii  of  Curves  and  Degree  of  Curvature. — A  i°  curve  is  defined 
as  a  curve  having  such  a  radius  that  ioo'  of  arc  will  subtend  a 
i°  central  angle. 

There  are  3600  of  central  angle  for  a  complete  circle.  The  circum- 
ference of  a  circle  is  expressed  by  the  formula  2vR.  Therefore  the 
radius  of  i°  curve  is  determined  by  the  formulas 


2-nR  =  360  X  100 

_  36,000  _       36,000-     _  , 

K   =  =   —, r   =   5729.0 

2T  2(3.14159) 


(l) 


Table  138. — Radii  and  Deflections 
Figured  on  a  basis  of  R  =  5730'  for  a  i°  curve. 


Degree  of 
Curve 

Radius  of 
Curve 

Deflection 

per  foot  of 

Arc 

Deflection  per 
25'  of  Arc 

Deflection  per  50' 
of  Arc 

Feet 

Minutes 

Deg. 

Minutes 

Deg. 

Minutes 

o°  30'  •  • 
o°  40'  .  . 
o°  50'  .  . 
i°  00'  .  . 

1°  2o'   .  . 
1°  30'  •  • 

i°  40'  .  . 

2°  OO'  .  , 
2°  20'  .  , 
2°  30'  .  • 

2  40    .  . 

3  00  . . 

11,460.0 
8.595.0 
6,876.0 
5,730.0 
4,297.5 

3,820.0 
3,438.o 
2,865.0 

2,455-7 
2,292.0 

2,148.8 
1,910.0 

OO.15 

00.2 

OO.25 

00.3 

00.4 

OO.45 

00.5 

00.6 

00.7 

OO.75 

00.8 
OO.Q 

— 

0 
0 
0 
0 
0 

0 
0 
0 
0 
O 

0 
0 

07.5 
10.0 

12.5 

15.0 

20.0 

22.5 
25.0 
30.0 
35-o 
37-5 

40.0 
45-o 
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Table  138. — Continued 


'                               1 

Degree  of 

Radius  of 

Deflection 
per  foot  of  J 

Arc 

Deflection  per 

Deflect 

ion  per  so' 

Curve 

Curve 

25' 

of  Arc 

of  Arc 

Feet 

Minutes 

Deg. 

Minutes 

Deg. 

Minute* 

3°  20'  .  . 

1,719.0 

OI. O 

— 



0 

50.0 

3>   •• 

I,637-I 

01.05 

— 

— 

0 

52.5 

3°  4o'  .  • 

1,562.7 

OI.I 

— 

— 

O 

55-o 

40  00'  .  . 

1,432-5 

OI.2 

— 

— 

OO.O 

4     20    .  . 

1,322.3 

OI.3 

— 

— 

05.O 

*IK~ 

1,273-3 

OI-35 

— 

— 

07.5 

4°  40'  .  • 

1,227.9 

01.4 

— - 

— 

IO.O 

5°  00'  . . 

1,146.0 

OI.5 

— 

— 

15-0 

5„  3°,  *  • 

1,041.8 

OI.65 

— 

— 

22.5 

6°  00'  . . 

955-o 

OI.8 

— 

— 

30.0 

6°  30'    . 

881.5 

OI.95 

— 

— 

37-5 

7°  00'    . 

818.6 

02.1 

— 

— 

45 -o 

7   30   •• 

764.0 

02.25 

— 

— 

52-5 

8°  00'  . . 

716.3 

02.4 

— 

— 

2 

00.0 

8°  30'  •  • 

674.1 

02.55 

— 

— 

2 

o7-5 

90  00'  . . 

636.6 

02.7 

— 

— 

2 

15-0 

9    30   .  • 

603.2 

02.85 

— 

— 

2 

22.5 

io°  00'  . . 

573-o 

03.O 

— 

— • 

2 

30.0 

io°  30'  . . 

545-7 

03.I5 

— 

— 

2 

37-5 

ii°  00'  .  . 

520.9 

03-3 

— 

— 

2 

45 -o 

n°  30'  •  - 

498.3 

03-45 

— 

— 

2 

52-5 

12°  OO'   .  . 

477-5 

03.6 

— 

— 

3 

00.0 

12°  30'   .  . 

458-4 

03-75 

— 

— 

3 

07.5 

13°  OO'   .  . 

440.8 

03-9 

— 

— 

3 

15.0 

13°  3°'  •  • 

4244 

04.05 

— 

— 

3 

22.5 

14°  00'  . . 

409-3 

04.2 

— 

— 

3 

30.0 

14°  30'  •  ■ 

395-2 

04-35 

— 

— 

3 

37-5 

15°  00'  .  . 

382.0 

o4-5 

— 

— 

3 

45 -o 

15°  30'  •  • 

369.6 

04.65 

— 

— 

3 

52.5 

160  00'  . . 

358.1 

04.8 

2 

OO.O 

4 

00.0 

160  30'  .  • 

347.3 

04-95 

2 

03.8 

4 

07.5 

170  oo'  .  . 

337-0 

05.1 

2 

07-5 

4 

15.0 

17°  30'  .. 

327-4 

05.25 

2 

II. 2 

4 

22.5 

1 8°  00'  . . 

318.3 

o5-4 

2 

i5-o 

4 

30.0 

180  30'  . . 

309.7 

05-55 

2 

18.7 

4 

37-5 
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Table  138. — Continued 

1 

Degree  of 

Radius  of 

Deflection 

per  ft.  of 

Arc 

Deflection  per 
25'  of  Arc 

Deflection  per 

Curve 

Curve 

50'  of  Arc 

Minutes 

Degree 

Minutes 

1 9°  oo' 

301.6 

05-7 

2 

22.5 

190  30' 

293.8 

05-85 

2 

26.2 

20°  OO' 

286.5 

06.O 

2 

30.O 

20°  30' 

279-5 

06.15 

2 

33-7 

21°  OO' 

272.9 

06.30 

2 

37-5 

21°  30' 

266.5 

06.45 

2 

41.2 

22°  OO' 

260.5 

06.6 

2 

45-o 

22°  30' 

2547 

06.75 

2 

48.7 

23°  OO' 

249.I 

06.9 

2 

52.5 

23°  30' 

243.8 

07.05 

2 

56.2 

24°  OO' 

238.8 

07.2 

3 

00.0 

24°  30' 

233-9 

07-35 

3 

03-7 

25°  oo' 

229.2 

07-5 

3 

07.5 

26°oo' 

220.4 

07.8 

3 

15.0 

270  00' 

212.2 

08.I 

3 

22.5 

280  00' 

204.6 

08.4 

3 

30.0 

290  00' 

197.6 

08.7 

3 

37-5 

300  00' 

191.0 

09.O 

3 

45-o 

Deflection  per 
10'  of  Arc 

31°  00' 

184.8 

09-3 

3 

52.5 

3 20  00' 

179.1 

09.6 

4 

00.0 

1° 

36' 

33°  00' 

173.6 

09.9 

— 

— 

1° 

39 

340  00' 

168.5 

I0.2 

— 

— 

1° 

42 

35°  00' 

163.7 

IO.5 

— 

— 

1° 

45' 

360  00' 

159.2 

IO.8 

— 

— 

1° 

48' 

37°  00' 

154-9 

11. r 

— 

— 

1° 

5i' 

38°  00' 

150.8 

11.4 

— 

— 

1° 

54' 

390  00' 

146.9 

11. 7 

— 

— 

1° 

57' 

400  00' 

143.2 

12.0 

—    i      — 

2° 

00' 

420  00' 

136.4 

12.6 

1 

2° 

06' 

440  oo' 

130.2 

13-2 

—    1      — 

2° 

12' 

46°oo' 

124.6 

13.8 

2° 

18' 

480  00' 

II9-4 

14.4 

— 

2° 

24' 

50°  00' 

114.6 

15.0 

— 

— 

2° 

3o' 

52°  00' 

110.2 

15-6 

— 

— 

2° 

36' 

54°  00' 

106. 1 

16.2 

— 

— 

2° 

42' 

S6°oo' 

102.3 

16.8 

— 

— - 

2° 

48' 
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For  all  practical  purposes  the  value  of  5730  can  be  used. 
In  the  same  manner  a  20  curve  is  one  having  such  a  radius  thai 
100'  of  arc  will  subtend  20  of  central  angle,  and  its  radius  is 

o    j?  -  36° 
2irK  —  

2 


X   IOO 


R  = 


18,000 


27T 


or  one-half  of  the  radius  of  a  i°  curve.     The  radius  of  a  30  curve  wil 
be  one- third  of  5730.     The  radius  of  a  40  curve  will  be  one-fourti 

of  5730- 

The  formula  for  the  radius  of  any  degree  of  curve  is,  therefore 


R  = 


5730 
D 


(2 


The  degree  of  curvature  for  any  specified  radius  is,  therefore, 

D'r*g-:  (3 

In  general,  the  degree  of  curvature  is  expressed  by  the  centra 
angle  subtended  by  100'  of  arc,  and  the  radius  for  that  degre 
of  curve  is  found  by  dividing  5730',  the  radius  of  a  i°  curve,  by  th 
degree  of  curve  desired  expressed  in  degrees  and  decimals  of 
degree;  that  is,  if  the  radius  of  a  30  30'  curve  is  wanted,  divid 
5730  by  3.5,  which  equals  1637.1'.  The  radii  given  in  Table  13 
are  computed  in  this  manner. 

Length  of  Curve. — For  a  50  curve  a  central  angle  of  50  subtend 

100'  of  arc;  a  central  angle  of  io°,  200'  of  arc;  a  central  angle  c 

120  30',  250'  or  arc;  that  is,  for  a  specified  central  angle  the  lengt 

of  any  specified  curve  equals  that  central  angle  expressed  in  degree 

and  decimals  of  a  degree  divided  by  the  degree  of  curve  expresse 

in  degrees  and  decimals  multiplied  by  100;  i.e.,  the  length  of  a  ic 

20. 7  ■> 
i<'  curve  for  a  central  angle  of  200  45'  =  — : —  X  100'  =  202.4 
0  ©  j        10.25 

and  is  expressed  by  the  formula  (continued  on  p.  885). 

Table  139. — Functions  of  a  i°  Curve  Figured  on  a  Basis  o 
R  =  573°'  AND  Tabulated  to  Tenths  of  Feet 


Use  100'  chords  up  to  8°  Curves 
Use  50'  chords  up  to  160  Curves 


Use  25'  chords  up  to  320  Curves- 
Use  io'  chords  above  320  Curves 


X 


£ 

o° 

t° 

2° 

J° 

g 

• 

D 

e 
l 

a 

c 

10 

1 

■■ 

■ 
■ 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

0.0 

0.0 

0.2 

50.0 

0.9 

100.0 

2.0 

1 50. 1 

0 

10 

0.0 

8.3 

03 

58.3 

1.0 

108.4 

2.2 

158.4 

10 

30 

0.0 

16.7 

0.4 

66.7 

X.2 

116.7 

2.4 

166.8 

20 

30 

O.I 

25.0 

0.5 

75-0 

1.4 

125.0 

2.7 

I75-I 

30 

40 

O.I 

33-3 

0.6 

83.3 

1.6 

133-4 

2.9 

183.4 

40 

SO 

0.2 

4i-7 

0.7 

91.7 

1.8 

141.7 

3-2 

191.7 

50 

: 

60 

0.3 

50.0 

o.O 

1 00.0 

2.0 

150.1 

3-5 

200.1 

60 
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Use  ioo'  chords  up  to  8°  Curves 
Use  so'  chords  up  to  160  Curves 


Use  25'  chords  up  to  320 

Use  10'  chords  above  320  Curves 


20  Curves 


.s 

2 

U     « 

4 

/ 
I 

5 

0 

6 

> 

7 

1 

1 

a 
3 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

3-5 

200.1 

5-5 

250.2 

7-9 

300.3 

10.7 

350.4 

0 

1 

.0167 

3-5 

200.9 

5-5 

251.0 

7-9 

301. 1 

10.8 

351-3 

X 

2 

.0333 

3-6 

201.8 

5-5 

251.8 

8.0 

302.0 

10.8 

352-1 

2 

3 

.0500 

3-6 

202.6 

5-6 

252.7 

8.0 

302.8 

10.9 

352.9 

3 

4 

.0667 

3-6 

203.4 

5-6 

253-5 

8.0 

303.6 

10.9 

353-8 

4 

5 

.0833 

3-6 

204.3 

5-6 

254-3 

8.1 

304-5 

11. 0 

354-6 

S 

6 

.1000 

3-7 

205.1 

5-7 

255-2 

8.1 

305-3 

11. 0 

355-5 

6 

7 

.1167 

3-7 

205.9 

5-7 

256.0 

8.2 

306.1 

XI. 1 

356.3 

7 

8 

•1333 

3-7 

206.8 

5-8 

256.8 

8.2 

307-0 

11. 1 

357-1 

8 

9 

.1500 

3-8 

207.6 

5-8 

257-7 

3-3 

307.8 

11. 2 

358.0 

9 

xo 

.1667 

3-8 

208.4 

5-8 

258.S 

8.3 

308.6 

11. 2 

358.8 

10 

XI 

.1833 

3-8 

209.3 

5-9 

259-3 

8.4 

309-5 

ii-3 

359-6 

11 

12 

.2000 

3-9 

210.1 

5-9 

260.2 

8.4 

310.3 

11.3 

360.5 

12 

13 

.2167 

3-9 

210.9 

5-9 

261.0 

8.4 

311.1 

11.4 

361.3 

13 

14 

.2333 

3-9 

2x1.8 

6.0 

261.9 

8-5 

312.0 

1 1.4 

362.2 

14 

IS 

.2500 

3-9 

212.6 

6.0 

262.7 

8.5 

312.8 

ii-S 

363-0 

IS 

16 

.2667 

4-0 

213-4 

6.1 

263.5 

8.6 

313.7 

".5 

363.8 

16 

17 

.2833 

4.0 

214-3 

6.1 

264.4 

8.6 

314.5 

11.6 

364-7 

\l 

18 

.3000 

4.0 

215. 1 

6.1 

265.2 

8.7 

315.3 

II-7 

365.5 

19 

.3167 

4.1 

215-9 

6.2 

266.0 

8-7 

316.2 

11.7 

366.3 

19 

20 

•3333 

4-1 

216.8 

6.2 

266.9 

8.8 

3i7.o 

11.8 

367.2 

20 

21 

•3500 

4-1 

217.6 

6.2 

267.7 

8.8 

317.8 

11.8 

368.0 

21 

22 

.3667 

4.2 

218.4 

6.3 

268.5 

8.9 

318.7 

11.9 

368.8 

22 

23 

•3833 

4.2 

219.3 

6-3 

269.4 

8.9 

319.5 

11.9 

369-7 

23 

24 

.4000 

4.2 

220.1 

6.4 

270.2 

9.0 

320.3 

12.0 

370.5 

24 

25 

.4167 

4-3 

220.9 

6.4 

271.0 

9.0 

321.2 

12.0 

371-4 

25 

26 

•4333 

4-3 

221.8 

6.4 

271.9 

90 

322.0 

12. 1 

372.2 

26 

27 

.4500 

4-3 

222.6 

6.5 

272.7 

9-i 

322.8 

12. 1 

373-0 

27 

28 

.4667 

4.4 

223.5 

6-5 

273-5 

9.1 

323.7 

12.2 

373-9 

28 

29 

.4833 

4.4 

224.3 

6.5 

274.4 

9.2 

324-S 

X2.2 

374-7 

29 

30 

.5000 

4.4 

225.1 

6.6 

275-2 

9.2 

325.4 

12.3 

375-5 

30 

3i 

.5167 

4-5 

226.O 

6.6 

276.1 

9-3 

326.2 

I2.4 

376.4 

31 

32 

•5333 

4-5 

226.8 

6.7 

276.9 

9-3 

327-0 

12.4 

377-2 

32 

33 

.550c 

4-5 

227.6 

6.7 

277-7 

9-4 

327.9 

12-5 

378.1 

33 

34 

.5667 

4.6 

228.5 

6.8 

278.6 

9.4 

328.7 

12.5 

378-9 

34 

35 

.5833 

4.6 

229.3 

6.8 

279-4 

9-5 

329-5 

12.6 

379-7 

35 

36 

.6000 

4.6 

230.I 

6.8 

280.2 

9-5 

330.4 

12.6 

380.6 

36 

37 

.6167 

4-7 

23I.O 

6.9 

281.1 

9.6 

331-2 

12.7 

381.4 

37 

38 

•6333 

4-7 

231.8 

6.9 

281.9 

9.6 

332.0 

12.7 

382.2 

38 

39 

.6500 

4-7 

232.6 

7.0 

282.7 

9-7 

332.9 

12.8 

383.1 

39 

40 

.6667 

4.8 

233-5 

7.0 

283.6 

97 

333-7 

12.9 

383-9 

40 

41 

•6833 

4.8 

234-3 

7-1 

284.4 

9.8 

334-6 

12.9 

384-7 

41 

42 

.7000 

4.8 

235-1 

7-1 

285.2 

9.8 

335-4 

13-0 

385.6 

42 

43 

.7167 

4.9 

236.0 

7.1 

286.1 

9.9 

336.2 

13-0 

386.4 

43 

44 

•7333 

4.9 

236.8 

7.2 

286.9 

9-9 

337-1 

13.1 

387.3 

44 

45 

.7500 

4.9 

237.6 

7-2 

287.7 

10.0 

337-9 

131 

388.1 

45 

46 

.7667 

S-o 

238.5 

7-3 

288.6 

10.0 

338.7 

13-2 

388.9 

46 

47 

•7833 

5-o 

239.3 

7-3 

289.4 

IO.I 

339-6 

13-2 

389.8 

47 

48 

.8000 

S-o 

240.1 

7-3 

290.3 

IO.I 

340.4 

13.3 

390.6 

48 

49 

.8167 

5-1 

241.0 

7-4 

291. 1 

10.2 

341-2 

13-4 

391-4 

49 

SO 

•8333 

S.i 

241.8 

7-4 

291.9 

XO.2 

342.1 

13-4 

392-3 

SO 

51 

.8500 

s.i 

242.6 

7-5 

292.8 

IO.3 

342.9 

13-5 

393-1 

Si 

52 

.8667 

5-2 

243.5 

7-5 

293.6 

IO.3 

343-7 

13-5 

394-o 

52 

53 

.8833 

S-2 

244-3 

7-5 

294-4 

IO.4 

344-6 

13-6 

394-8 

53 

54 

.9000 

5-2 

245.2 

7-6 

295-3 

IO.4 

345-4 

13-7 

395-6 

54 

55 

.9167 

5.3 

246.0 

7-6 

296.I 

IO.5 

346.3 

13-7 

396.5 

55 

56 

•9333 

5-3 

246.8 

7-7 

296.9 

IO.5 

347-1 

13.8 

397-3 

56 

57 

.9500 

5-3 

247-7 

7-7 

297.8 

xo.6 

347-9 

13.8 

398.1 

1  57 

58 

.9667 

5-4 

248.5 

7-8 

298.6 

10.6 

348.8 

13-9 

399-0 

;58 

59 

.9833 

5.4 

249.3 

7.8 

299-4 

10.7 

349.6 

13.9 

399  8 

|59 

86o 

SURVEY  DATA 

Use  ioo 

'  Chords  up  to  8°  Curves        Use  25'  Chords  ui 

3  tO  32° 

Curves 

Use  so' 

Chords 

up  to  160  Curves        Use  io'  Chords  above  32' 

'  Curves 

in 
S 

s 

—O  0) 

8 

0 

9° 

IO° 

11° 

s 

3 
C 

i 

00 

J 

2 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

o 

.0000 

14.0 

400.7 

17.7 

450.9 

21.9 

501.3 

26.5 

551-7 

0 

I 

.0167 

14.0 

401.5 

17.8 

451-8 

21.9 

502.2 

26.6 

552.6 

1 

2 

•0333 

14.1 

402.4 

17.8 

452-6 

22.0 

503-0 

26.7 

553-4 

2 

3 

.0500 

14.2 

403.2 

17.9 

453-4 

22.1 

503.8 

26.7 

554-3 

3 

4 

.0667 

14.2 

404.0 

18.0 

454-3 

22.2 

504.7 

26.8 

555-1 

4 

5 

•0833 

14-3 

404.8 

18.0 

455-1 

22.3 

505.5 

26.9 

555-9 

i 

6 

.1000 

14-3 

405-7 

18.1 

456.0 

22.3 

506.4 

27.0 

556.8 

7 

.1167 

14.4 

406.5 

18.2 

456.8 

22.4 

507.2 

27.1 

557-6 

l 

8 

•1333 

14-5 

407.4 

18.3 

457-7 

22.5 

508.0 

27.2 

558.5 

9 

.1500 

14-5 

408.2 

18.3 

458.5 

22.6 

508.9 

27.2 

559-3 

9 

IO 

.1667 

14.6 

409.0 

18.4 

459-3 

22.6 

509-7 

27-3 

560.1 

10 

ii 

.1833 

14.6 

409.9 

18.4 

460.2 

22.7 

510.6 

27.4 

561.0 

11 

12 

.2000 

14-7 

410.7 

1S.5 

461.0 

22.8 

511.4 

27-5 

561.8 

12 

13 

.2167 

14.8 

4"-5 

18.6 

461.8 

22.9 

512.2 

27.6 

562.7 

13 

14 

.2333 

14.8 

412.4 

18.7 

462.7 

22.9 

5I3-I 

27.7 

563.5 

14 

15 

.2500 

14.9 

413-2 

18.7 

463.5 

23-0 

513.9 

27-7 

564-3 

is 

16 

.2667 

14.9 

414-1 

i3.8 

464.4 

23.1 

514.8 

27.8 

565-2 

16 

17 

•2833 

15.0 

414.9 

18.9 

465.2 

23-2 

515-6 

27-9 

566.0 

15 

18 

.3000 

I5-I 

4L5-7 

18.9 

466.0 

23-2 

516.4 

2S.0 

566.9 

19 

.3167 

I5-I 

416.6 

19.0 

466.9 

23-3 

517.3 

28.1 

567.7 

19 

20 

•3333 

15.2 

417.4 

19.1 

467.7 

23-4 

5I8.I 

28.1 

568.5 

20 

21 

•35oo 

15-2 

418.2 

19.1 

468.5 

23.5 

5I9.0 

28.2 

S69.4 

21 

22 

.3667 

15-3 

4i9-i 

19.2 

469.4 

23-5 

519-8 

23.3 

57o.2 

22 

23 

.3833 

15-4 

419-0 

19-3 

470.2 

23.6 

520.6 

28.4 

57i-i 

23 

24 

.4000 

IS-4 

420.8 

19-3 

471.1 

23-7 

521-5 

28.5 

571-9 

24 

25 

.4167 

15-5 

421.6 

19.4 

471.9 

23.8 

522.3 

2S.6 

572.8 

25 

26 

•4333 

15.6 

422.4 

19-5 

472-8 

23.8 

523.2 

2S.6 

573-6 

26 

27 

•4500 

15-6 

423-3 

19-5 

473-6 

23-9 

524-0 

28. 7 

574-4 

27 

28 

.4667 

15-7 

424.1 

19.6 

474-4 

24.0 

524-9 

28.8 

575-3 

28 

2Q 

.4833 

15-7 

424.9 

19.7 

475-3 

24.I 

525.7 

28.9 

5/6.1 

29 

30 

.5000 

15-8 

425.8 

19.8 

476.1 

24.I 

526.5 

29.0 

577-0 

3C 

31 

•5167 

159 

426.6 

19.8 

476.9 

24.2 

527-4 

29.1 

577-8 

31 

32 

•5333 

15-9 

427-5 

19.9 

477-8 

24-3 

52S.2 

29.1 

578.6 

32 

33 

•5Soo 

16.0 

428.3 

20.0 

478.6 

24.4 

529.0 

29.2 

579-5 

33 

34 

.5667 

16.0 

429.1 

20.0 

479-5 

24-5 

529.9 

29-3 

580.3 

34 

35 

•5833 

16.1 

430.0 

20.1 

480.3 

24.5 

530.7 

29-4 

581.2 

35 

36 

.6000 

16.2 

430.8 

20.2 

48 1. 1 

24.6 

531.6 

29-5 

582.0 

36 

37 

.6167 

16.2 

431-7 

20.2 

482.0 

24.7 

532-4 

29.6 

582.8 

tl 

38 

•6333 

16.3 

432.5 

20.3 

4S2.8 

24-8 

533-3 

29.7 

583.7 

39 

.6500 

16.4 

433-3 

20.4 

483.6 

24.8 

534-1 

29.7 

584.5 

3S 

40 

.6667 

16.4 

434-2 

20.5 

484-5 

24.9 

534  9 

29.8 

58S4 

4C 

41 

.6833 

16.5 

43  5 -o 

20.5 

435-3 

25.0 

535-8 

29.9 

586.2 

41 

42 

.7000 

16.6 

435-9 

20.6 

486.2 

25-1 

536.6 

30.0 

587.1 

42 

43 

.7167 

16.6 

4:6.7 

20.7 

4S7.0 

25.1 

537-5 

30.1 

S87-9 

43 

44 

•7333 

16.7 

437-5 

20.7 

487.9 

25.2 

538.3 

30.2 

588.7 

44 

45 

•7500 

16.7 

438.4 

20.8 

488.7 

25.3 

539-1 

30.3 

5S9.6 

45 

46 

.7667 

16.8 

439-2 

20.9 

489.6 

25-4 

540.0 

30.3 

590.4 

46 

47 

.7833 

16.9 

440.0 

21.0 

490.4 

25.5 

540.8 

30.4 

591-3 

Al 

48 

.8000 

16.9 

4.IO.9 

21.0 

491.2 

25-5 

541-7 

305 

592-1 

48 

49 

.8167 

17.0 

441.7 

2I.I 

492.0 

25.6 

542.5 

30.6 

592.9 

4Q 

50 

•8333 

17.1 

442.5 

21.2 

492.9 

25-7 

543-3 

30.7 

593-8 

SO 

51 

.8500 

17.1 

443-4 

21.2 

493-7 

25.8 

544-2 

30.8 

594-6 

51 

52 

.8667 

17.2 

444-2 

21.3 

494.6 

25-9 

545 -o 

30.9 

595-5 

52 

53 

.8833 

17-3 

445-1 

21.4 

495-4 

25-9 

545-9 

31-0 

596.3 

53 

54 

.9000 

17-3 

445-9 

21-5 

496.3 

26.0 

546.7 

31.0 

597-2 

54 

55 

.9167 

17-4 

446.7 

21.5 

497-1 

26.1 

547-5 

311 

'598.0 

u 

56 

•9333 

17-5 

447-6 

21.6 

498.0 

26.2 

548.4 

31-2 

598.8 

57 

.9500 

17-5 

448.4 

21.7 

498.8 

26.3 

549-2 

31-3 

599-7 

57 

58 

.9667  ; 

17.6 

449-3  ! 

21.8 

499-6 

26.3 

550-I 

31-4 

600.5 

58 

[_59 

.9833  j 

17.6 

450. 1  j 

21.8 

500.4 

26.4 

550.9 

31-5 

601.4 

59 

FUNCTIONS  ] 

[  DEGREE  1 

CURVE 

86l 

Use  ioo 

Chords  up  to  8*  Curves    Use 

25'  Chords  up  to  320  Curves 

Use  so' " 

Chords  up  to  160  Curves     Use 

10'  Chords  above  32 °  Curves 

3 

3 

.9 
3 

Dec.  of 
Degree 

12° 

13° 

14° 

15 

0 

3 

3 

a 

0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

o 

.0000 

31.6 

602.2 

37-i 

652.9 

43-o 

703.5 

49.4 

754-4 

X 

.0167 

31-7 

603.1 

37-2 

653-7 

43-1* 

704.4 

49.6 

755-2 

1 

2 

•0333 

31-7 

603.9 

37-3 

654.6 

43-2 

705.2 

49-7 

756.1 

2 

3 

.0500 

31.8 

604.7 

37-4 

655-4 

43-3 

706.1 

49.8 

756.9 

3 

4 

.0667 

31-9 

605.6 

37-5 

656.3 

43-4 

706.9 

49-9 

7577 

4 

5 

.0833 

32.0 

606.4 

37-6 

657-1 

43-5 

707.8 

50.0 

758.6 

5 

6 

.1000 

32.1 

607.3 

37-7 

657-9 

43-7 

708.6 

50.1 

759-4 

6 

7 

.1167 

32.2 

608.1 

37-7 

658.8 

43-8 

709.5 

50.2 

760.3 

7 

8 

•1333 

32-3 

609.0 

37-8 

659-6 

43-9 

710.3 

50.3 

761. 1 

8 

9 

.1500 

32.4 

609.8 

37-9 

660.5 

44.0 

711.2 

50.5 

762.0 

9 

zo 

.1667 

32.5 

610.7 

38.0 

661.3 

44.1 

712.0 

50.6 

762.8 

10 

ii 

.1833 

32.5 

611.5 

38.1 

662.2 

44-2 

712.9 

50.7 

763-7 

11 

12 

.2000 

32.6 

612.4 

38.2 

663.0 

44-3 

713-7 

50.8 

764.5 

12 

13 

.2167 

32-7 

613.2 

38.3 

663.8 

44.4 

714.6 

50.9 

765.4 

13 

14 

•2333 

32.8 

614.0 

38.4 

664.7 

44-5 

7154 

51.0 

766.2 

14 

15 

.2500 

32-9 

614.9 

38.5 

665.5 

44.6 

716.3 

5I-I 

767.1 

*£ 

16 

.2667 

33-0 

6157 

38.6 

666.4 

44-7 

717. 1 

51-2 

767.9 

16 

17 

•2833 

33-i 

616.6 

38.7 

667.2 

44.8 

718.0 

Si-3 

768.8 

17 

18 

.3000 

33-2 

617.4 

38.8 

668.1 

44-9 

718.8 

51-5 

769.6 

18 

19 

.3167 

33-3 

618.3 

38.9 

668.9 

45-o 

719.6 

51.6 

770.5 

19 

20 

•3333 

33-4 

619.1 

39.o 

669.8 

45-1 

720.5 

51.7 

771-3 

20 

21 

•3500 

334 

619.9 

39-1 

670.6 

45-2 

721.3 

51.8 

772.2 

21 

22 

.3667 

33-5 

620.8 

39-2 

671.4 

45-3 

722.2 

5i-9 

773-0 

22 

23 

.3833 

33-6 

621.6 

39-3 

672.3 

45-4 

723.1 

J2.o 

773-9 

23 

24 

.4000 

33-7 

622.5 

39-4 

673.1 

45-5 

723-9 

52-1 

774-7 

24 

25 

.4167 

33-8 

623.3 

39-5 

674.0 

45-6 

724.7 

52  3 

775-6 

25 

26 

•4333 

33-9 

624.2 

39-6 

674-8 

45-8 

725.6 

52-4 

776.4 

26 

27 

.4500 

34-o 

625.0 

39-7 

675-7 

45-9 

726.5 

52-5 

777-3 

27 

28 

.4667 

34-1 

625.9 

39-8 

676.5 

46.0 

727-3 

52.6 

778.1 

28 

29 

•4833 

34-2 

626.7 

39-9 

677-4 

46.1 

728.1 

52.7 

778.9 

29 

30 

.5000 

34-3 

627.6 

40.0 

678.2 

46.2 

729.0 1 

52.8 

779.8 

30 

31 

•5167 

34-4 

628.4 

40.1 

679.0 

46.3 

729.8 

52-9 

780.6 

3i 

32 

•5333 

34-5 

629.2 

40.2 

679.9 

46.4 

730.7 

53-1 

781.5 

32 

33 

•5500 

34-5 

630.1 

40.3 

680.7 

46.5 

731-5 

53-2 

782.3 

33 

34 

.5667 

34-6 

630.9 

40.4 

681.6 

46.6 

732-4 

53.3 

783.2 

34 

35 

.5833 

34-7 

631.8 

40.5 

682.4 

46.7 

733-2 

53-4 

784.0 

35 

36 

.6000 

*   34-8 

632.6 

40.6 

683.3 

46.8 

734-o 

53-5 

784.9 

36 

37 

.6167 

34-9 

633-5 

40.7 

684.1 

46.9 

734-9 

53-6 

785.7 

37 

38 

.6333 

35-o 

634-3 

40.8 

685.0 

47.0 

735-7 

53-7 

786.6 

38 

39 

.6500 

35-1 

635-1 

40.9 

685.8 

47.2 

736.6 

53-9 

787.4 

39 

4° 

.6667 

35-2 

636.0 

41.0 

686.6 

47-3 

737-4 

54-o 

788.3 

40 

41 

.6833 

35-3 

636.8 

41.1 

687.5 

47-4 

733.3 

54-i 

789.1 

4i 

42 

.7000 

35-4 

637.7 

41.2 

688.3 

47-5 

739-1 

54-2 

790.0 

42 

43 

.7167 

35-5 

63S.5 

41-3 

689.2 

47-6 

740.0 

54-3 

790.8 

43 

44 

•7333 

35-6 

639-4 

41.4 

690.0 

47-7 

740.8 

54-4 

791.7 

44 

45 

.7500 

35-7 

640.2 

41.5 

600.9 

47-8 

741.7 

54-6 

792.5 

45 

46 

.7667 

35-8 

641. 1 

41.6 

691.7 

47-9 

742-5 

54-7 

793-4 

46 

47 

.7833 

35-8 

641.9 

41.7 

692.5 

48.0 

743-4 

54-8 

794-2 

47 

48 

.8000 

35-9 

642.7 

41.8 

693-4 

48.1 

744.2 

54-9 

755-1 

48 

49 

.8167 

36.0 

643.6 

41.9 

694.2 

48.2 

745-1 

5S-o 

795-9 

49 

50 

.8333 

36.1 

644.4 

42.0 

695-1 

48.3 

745-9 

55-1 

796.8 

50 

51 

.8500 

36.2 

645-3 

42.1 

695-9 

48.5 

746.7 

55-3 

797-6 

51 

52 

.8667 

36.3 

646.1 

42.2 

696.8 

48.6 

747.6 

55-4 

798.5 

52 

53 

.8833 

36.4 

647-0 

42.3 

697.6 

48.7 

748.4 

55-5 

799-3 

53 

54 

.9000 

36.5 

647.8 

42.4 

698.5 

48.8 

749-3 

55-6 

800.2 

54 

55 

.9167 

36.6 

648.6 

42.5 

699-3 

48.9 

750-I 

55-7 

801.0 

55 

56 

•9333 

36-7 

649-5 

42.6 

700.1 

49.0 

75I-0 

55-8 

801.9 

56 

57 

.9500 

36.8 

650.3 

42.7 

701.0 

49-1 

751.8 

56.0 

802.7 

57 

58 

.9667 

36-9 
||      37-° 

651.2 

42.8 

701.8 

49-2 

752.7 

56.1 

803.6 

58 

59 

.9833 

652.0 

42.9 

J    702.7 

49-3 

753-5 

56.2 

804.4 

59 

862  SURVEY  DATA 

Use  ioo'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  320  Curves 
Use  50'  Chords  up  to  160  Curves        Use  io'  Chords  above  320  Curves 
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a 

O  4, 
•  H 

O  bo 
V   V 

16° 

17° 

1 

1" 

19° 

5 

a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

56.3 

805.3 

63.6 

856.4 

71.4 

907.5 

79-7 

958.9 

0 

I 

.0167 

56.4 

806.2 

63.8 

857.2 

71.6 

908.4 

79-8 

959-7 

z 

2 

•0333 

56.5 

807.0 

63-9 

858.1 

71.7 

909.2 

79-9 

960.6 

a 

3 

.0500 

56-7 

807.8 

64.0 

858.9 

71.8 

910.1 

80.1 

961.4 

3 

4 

.0667 

56.8 

808.6 

64.2 

859.8 

72.0 

910.9 

80.2 

962.3 

4 

S 

•0833 

56.9 

809.5 

64.3 

860.6 

72.1 

91 1. 8 

80.4 

963.2 

5 

6 

.1000 

57-o 

810.4 

64.4 

861.5 

72.2 

912.7 

80.5 

964.0 

6 

7 

.1167 

57-1 

811. 2 

64-5 

862.3 

72.4 

913-5 

80.7 

964.9 

7 

8 

•1333 

57-3 

812. 1 

64.7 

863.2 

72.5 

914.4 

80.8 

965-7 

8 

9 

.1500 

57-4 

812.9 

64.8 

864.0 

72.6 

915.2 

80.9 

966.6 

9 

10 

.1667 

57-5 

813.8 

64.9 

864.9 

72.8 

916. 1 

81.1 

967.4 

10 

11 

■1833 

57-6 

814.6 

65.0 

865.7 

72.9 

916.9 

81.2 

968.3 

" 

12 

.2000 

57-7 

8i5-5 

65.2 

866.6 

73-o 

917.8 

81.4 

969.2 

12 

13 

.2167 

57-9 

816.3 

65-3 

867.4 

73-2 

918.6 

81.5 

970.0 

13 

14 

.2333 

58.0 

817.2 

65.4 

868.3 

73-3 

9I9.5 

81.7 

970.9 

14 

15 

.2500 

58.1 

818.0 

65.6 

869.1 

73-4 

920.3 

81.8 

971.7 

x! 

16 

.2667 

58.2 

818.9 

65-7 

870.0 

73-6 

921.2 

81.9 

972.6 

16 

17 

.2833 

58.3 

819.7 

65.8 

870.8 

73-7 

922.0 

82.1 

973-4 

ll 

18 

.3000 

58.5 

820.6 

659 

871.7 

73-9 

922.9 

82.2 

974-3 

18 

19 

.3167 

58.6 

821.4 

66.1 

872.5 

74.0 

923.8 

82.4 

975-1 

19 

20 

•3333 

58.7 

822.3 

66.2 

873.4 

74-1 

924.6 

82.5 

976.0 

20 

21 

•3500 

53.8 

823.1 

66.3 

874.2 

74-3 

925-5 

82.7 

976.9 

!ai 

22 

.3667 

58.9 

824.0 

66.4 

875.1 

74-4 

926.3 

82.8 

977-7 

22 

23 

.3833 

59-1 

824.8 

66.6 

875.9 

74-5 

927.2 

82.9 

978.6 

23 

24 

.4000 

59-2 

825.7 

66.7 

876.8 

74-7 

928.1 

83.I 

979-4 

24 

as 

.4167 

59-3 

826.5 

66.8 

877.6 

74.8 

928.9 

83.2 

980.3 

3\ 

26 

•4333 

59-4 

827.4 

67.0 

878.5 

74-9 

929.8 

83-4 

981.2 

26 

27 

.4500 

59-6 

828.2 

67.1 

879.3 

75-1 

930.6 

83-5 

982.0 

27 

28 

.4667 

59-7 

829.1 

67.2 

880.2 

75-2 

931-5 

83-7 

982.9 

28 

29 

•4833 

59-8 

829.9 

67-3 

881.0 

754 

932.3 

83.8 

983-7 

29 

30 

.5000 

59-9 

830.8 

67-5 

881.9 

75-5 

933-2 

84.0 

984.6 

30 

31 

•5167 

60.0 

831.6 

67.6 

882.7 

75-6 

934-0 

84.1 

9854 

31 

32 

•5333 

60.2 

832.5 

67.7 

883.6 

75-8 

934-9 

84-3 

986.3 

32 

33 

•5500 

60.3 

833-3 

67.9 

884.5 

75-9 

935-7 

84.4 

987.2 

33 

34 

.5667 

60.4 

834.2 

68.0 

885.3 

76.1 

936.6 

84.6 

988.0 

34 

3S 

.5833 

60.5 

835.1 

68.1 

886.2 

76.2 

937-5 

84-7 

988.9 

35 

36 

.6000 

60.7 

835-9 

68.2 

887.0 

76.3 

938.3 

84.8* 

989.7 

36 

37 

.6167 

60.8 

836.8 

68.4 

887.9 

76.5 

939-2 

85.0 

990.6  37 

38 

•6333 

60.9 

837.6 

68.5 

888.7 

76.6 

940.C 

85.1 

991.5  38 

39 

.6500 

61.0 

838.5 

68.6 

889.6 

76.7 

940.9 

85.3 

992.3 

39 

40 

.6667 

6l.I 

839.3 

68.8 

890.4 

76.9 

941.7 

85.4 

993-2 

40 

41 

.6833 

61.3 

840.2 

68.9 

891.3 

77.0 

942.6 

80.6 

994.0 

41 

42 

.7000 

61.4 

841.0 

69.0 

892.2 

77-1 

943-5 

85.7 

994.9. 

42 

43 

.7167 

61.5 

841.9 

69.2 

893.0 

77-3 

944-3 

85-9 

995-8 

43 

44 

•7333 

61.6 

842.7 

69-3 

893.9 

77-4 

945-2 

86.0 

996.6 

44 

45 

•75«o 

61.8 

843.6 

69.4 

894-7 

77-6 

946.0 

86.2 

997-5 

45 

46 

.7667 

61.9 

844.4 

69.6 

89S.6 

77-7 

946.9 

86.3 

998.3 

46 

47 

•7833 

62.0 

845-3 

69.7 

896.4 

77-8 

947-7 

86.5 

999.2 

47 

48 

.8000 

62.1 

846.1 

69.8 

897.3 

7S.0 

948.6 

86.6 

1 000.0 

48 

49 

.8167 

62.3 

847.0 

70.0 

898.1 

78.1 

949.4 

86.8 

1000.9 

49 

50 

•8333 

62.4 

847.8 

70.1 

899.0 

78.3 

950.3 

86.9 

1001.8 

SO 

51 

.8500 

62.5 

848.7 

70.2 

899.8 

78.4 

951. 1 

87.1 

1002.6 

51 

52 

.8667 

62.6 

849-5 

70.4 

900.7 

73.5 

952.o 

87.2 

1003.5 

52 

53 

.8833 

62.8 

850.4 

70-5 

901.5 

78.7 

952.9 

87.4 

1004.3 

53 

54 

.9000 

62.9 

851.2 

70.6 

902.4 

78.8 

953-7 

87-5 

1005.2 

54 

55 

.9167 

63.0 

852.1 

70.8 

903-3 

79.0 

954-6 

87.7 

1006.0 

'55 

56 

•9333 

63.1 

852.9 

70.9 

904.1 

79.1 

955-4 

87.8 

1006.9 

56 

57 

.9500 
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853-8 

71.0 

905-0 

79.2 

956.3 

88.0 

1007.7 

57 

58 

.9667 

63-4 

854-7 

71.2 

905.8 

79-4 

957-2 

88.1 

1008.6 

58 

$0 

.9833 

635 

855-5 

71-3 

906.7 

70-5 

958.o 

88.2 

1009.5 
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FUNCTIONS 

1  DEGREE 

CURVE 

863 

Use  ioo 

'  Chords  up  to  8°  Curves         Use  25'  Chords  up  to  32" 

Curves 

Use  so' 

Chords 

up  to  I< 

5°  Curves        Use  io'  Chords  above  32 

9  Curves 

s 

3 

.9 

3 
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21° 
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•— 
■a 
a 

0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

o 

.0000 

88.4 

1010.4 

97.6 

1062.0 

107.2 

1113.8 

II7-4 

1165.8 

I 

.0167 

88.5 

1011.2 

97-7 

1062.8 

107.4 

1114.6 

117.6 

1 166.6 

1 

3 

•0333 

88.7 

1012.1 

97-9 

1063.7 

107.6 

HI5-5 

117. 7 

1167.5 

3 

3 

.0500 

88.8 

1012.9 

98.1 

1064.5 

107.7 

1116.4 
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1168.3 

3 

4 

.0667 

89-0 

1013.8 

98.2 

1065.4 

107.9 

HI7-3 

118.1 

1169.2 

4 

5 

.0833 

89.1 

1014.6 

98.4 

1066.3 

108.0 

1118.1 

118.3 

1170.1 

S 

6 

.1000 

89-3 

1015.5 

98.5 

1067.2 

10S.2 

1119.0 

118.4 

1171.0 

6 

7 

.1167 

89.4 

1016.3 

98.7 

1068.0 

108.4 

1119.8 

118.6 

1171.8 

7 

8 

•1333 

89.6 

1017.2 

98.8 

1068.9 

108.6 

1120.7 

1 18.8 

1172.7 

8 

9 

.1500 

89.7 

1018.1 

99.0 

1069.7 

108.7 

1121.5 

118.9 

II73S 

9 

10 

.1667 

899 

1019.0 

99.2 

1070.6 

108.9 

1122.4 

119.1 

1 1 74-4 

10 

ii 

•1833 

90.0 

1019.8 

99-3 

1071.5 

109.0 

H23-3 

II9-3 

II75-3 

11 

12 

.3000 

90.2 

1020.7 

99-5 

1072.4 

109.2 

1124.2 

"9-5 

1176.2 

13 

13 

.2167 

0O-3 

1021.5 

99.6 

1073.2 

109.4 

1125.0 

119. 7 

1177-0 

13 

14 

•2333 

OO-S 

1022.4 

99-8 

1074.1 

109.6 

H25-9 

119.8 

1177.9 

14 

IS 

.3500 

90.6 

1023.2 

99.9 

1074.9 

109.7 

II26.7 

120.0 

1178.8 

IS 

16 

.2667 

90.8 

1024. 1 

IOO.I 

1075.8 

109.9 

1127.6 

120.2 

H79-7 

16 

17 

.2833 

90.9 

1024.9 

100.2 

1076.6 

1 1 0.0 

1128.5 

120.4 

1 180.5 

17 

18 

.3000 

91.1 

1025.8 

100.4 

1077.5 

110.2 

1129.4 

120.5 

1181.4 

18 

19 

.3167 

91.2 

1026.7 

100.5 

1078.4 

1 10.4 

1 130.2 

120.7 

1182.3 

19 

30 

•3333 

91-4 

1027.6 

100.7 

1079-3 

110.6 

II3I.I 

120.9 

H83.I 

20 

31 

•3500 

91.6 

1028.4 

100.9 

1080.1 

110.7 

II3I-9 

121.0 

1 184.0 

21 

22 

.3667 

91.7 

1029.3 

IOI.I 

1081.0 

110.9 

1132.8 

121. 2 

1 184.9 

22 

23 

•3833 

91.9 

1030.1 

IOI.2 

1081.8 

III.O 

II33.7 

I2I.4 

1185.7 

23 

24 

.4000 

92.0 

1031.0 

IOI.4 

1082.7 

in. 2 

H34-6 

121. 6 

1186.6 

24 

25 

.4167 

92.2 

103 1. 8 

IOI.5 

1083.5 

111.4 

II35.4 

121.7 

"87.5 

25 

26 

•4333 

92.3 

1032.7 

IOI.7 

1084.4 

111.6 

1136.3 

121.9 

1188.4 

26 

27 

•45°° 

92.5 

1033-5 

101.8 

108S.3 

III. 7 

II37.I 

122. 1 

1189.2 

27 

28 

.4667 

92.6 

1034.4 

102.0 

1086.2 

111.9 

1138.0 

122.3 

1190.1 

28 

29 

.4833 

92.8 

1035-2 

102. 1 

1087.0 

112. 1 

1138.8 

122.4 

1 190.9 

29 

30 

.5000 

92.9 

1036.1 

102.3 

1087.9 

H2.3 

H39-7 

122.6 

1191.8 

30 

31 

•5167 

93-1 

1037.0 

102.5 

10S8.7 

II2.4 

1 1 40.6 

122.8 

1192.7 

31 

32 

•5333 

93-2 

1037.9 

102.7 

10S9.6 

II2.6 

1141.5 

I23.0 

H93-6 

32 

33 

•550O 

93-4 

1038.7 

102.8 

1090.4 

112. 7 

1142.3 

123.2 

1 194.4 

33 

34 

.5667 

93-5 

1039.6 

103.0 

1091.3 

112. 9 

II43.2 

123-3 

H95-3 

34 

35 

•5833 

93-7 

1040.4 

103.1 

1092.2 

II3-I 

1 144-0 

123.5 

1196.2 

35 

36 

.6000 

93-9 

1041-3 

103.3 

1093.1 

"3-3 

1144.9 

123-7 

H97.I 

36 

37 

.6167 

94.0 

1042. 1 

103.4 

1093.9 

H3-4 

II45.8 

123.9 

H97-9 

37 

38 

•6333 

94-2 

1043  -o 

103.6 

1094.8 

H3.fi 

1146.7 

I24.I 

1198.8 

38 

39 

.6500 

94-3 

1043-9 

103.8 

1095.6 

II3-7 

II47.5 

124-3 

H99-6 

39 

40 

.6667 

94-5 

1044.8 

104.0 

1096.5 

II3.9 

1148.4 

124.4 

1200.5 

40 

4i 

•6833 

94.6 

1045.6 

104. 1 

1097.4 

114.1 

1149.2 

124.6 

1201.4 

41 

42 

.7000 

94.8 

1046.5 

104.3 

1098.3 

114.3 

1150.1 

124.8 

1202.3 

42 

43 

.7167 

94.9 

I047-3 

104.4 

1099.1 

114.4 

1151-0 

124.9 

1 203.1 

43 

44 

•7333 

95-1 

1048.2 

104.6 

1 1 00.0 

114.6 

H5I-9 

125.1 

1204.0 

44 

45 

•7500 

95-2 

1049.0 

104.7 

1100.8 

114.8 

1152.7 

125.3 

1204.9 

45 

46 

.7667 

95-4 

1049.9 

104.9 

1101.7 

1 1 5.0 

II53-6 

125.5 

1205.8 

46 

47 

.7833 

95-6 

1050.8 

105.1 

1102.5 

IIS-2 

H54-5 

125-7 

1206.7 

47 

48 

.8000 

95-7 

1051.7 

105.3 

1103^4 

H5-3 

II5S-4 

125.8 

1207.5 

48 

49 

.8167 

95-9 

1052.5 

105.4 

1 104.3 

II5.5 

1156.2 

126.0 

1208.3 

49 

5° 

•8333 

96.0 

I053.4 

105.6 

1105.2 

H5-7 

II57-I 

126.2 

1209.2 

50 

Si 

.8500 

96.2 

1054.2 

105.7 

1 106.0 

115.8 

H57-9 

126.4 

1210.1 

51 

52 

.8667 

96-3 

IOS5-I 

105.9 

1 106.9 

116.0 

II58.8 

126.6 

1211.0 

52 

S3 

.8833 

96.5 

1055-9 

106. 1 

1107.8 

116.1 

1 1 59- 7 

126.7 

I2H.8 

53 

54 

.9000 

96.7 

1056.8 

106.3 

1 108.6 

116.3 

1160.6 

I26.9 

1212.7 

54 

55 

•9167 

96.8 

1057-7 

106.4 

1109.4 

116.5 

1161.4 

127. 1 

1213.6 

55 

56 

•9333 

97.0 

1058.6 

106.6 

1 1 10.3 

116. 7 

1162.3 

127.3 

1214.5 

56 

57 

.9500 

97.1 

1059.4 

106.7 

1111.2 

116.8 

1163.1 

127.5 

I2I5-3 

57 

58 

.9667 

97-3 

1060.3 

106.9 

1112.1 

1 1 7.0 

1 164.0 

127.6 

1216.2 

58 

59 

•9833 

97-4 

1061.1 

107.0 

II12.9 

ZI7.3 

I 164.9 

X37.8 

I2I7.I 
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864  SURVEY  DATA 

Use  ioo'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  320  Curves 
Use  So'  Chords  up  to  160  Curves        Use  10'  Chords  above  320  Curves 


0) 
V 

% 

"S8 

24° 

25° 
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2 

7° 

8 

*» 
a 
a 

9 
0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

128.0 

1218.0 

139.1 

1270.3 

150.7 

1322.9 

162.8 

1375-6 

X 

.0167 

128.2 

1218.8 

139.3 

1271.1 

150.9 

1323-7 

163.0 

1376.5 

z 

2 

.0333 

128.4 

1219.7 

139-5 

1272.0 

151-1 

1324-6 

163.2 

1377-4 

2 

3 

.0500 

128.5 

1220.5 

139-7 

1272.9 

151-3 

1325.5 

163.5 

1378.3 

3 

4 

.0667 

128.7 

1221.4 

139-9 

1273.8 

151.5 

1326.4 

163.7 

1379-2 

4 

S 

.0833 

128.9 

1222.3 

140. 1 

1274-6 

I5I.7 

1327.3 

163.9 

1380.0 

5 

6 

.1000 

129.1 

1223.2 

140.3 

1275.S 

151.9 

1328.1 

164.1 

1380.9 

6 

7 

.1167 

129.3 

1224.0 

140.4 

1276.4 

152.1 

13290 

164.3 

1381.8 

7 

8 

•1333 

129.5 

1224.9 

140.6 

1277-3 

152.3 

1329.9 

164.5 

1382.7 

8 

9 

.1500 

129.7 

1225.8 

140.8 

1278.2 

152.5 

1330.7 

164.7 

1383.6 

9 

10 

.1667 

129.8 

1226.7 

141.0 

1279.1 

152.7 

1331-6 

164.9 

1384.5 

10 

11 

.1833 

130.0 

1227.5 

141. 2 

1279-9 

152.9 

1332.5 

165.1 

1385.3 

11 

12 

.2000 

130.2 

1228.4 

141.4 

12S0.8 

I53-I 

1333-4 

165.3 

1386.2 

12 

13 

.2167 

130.4 

1229.3 

141. 6 

1281.6 

153-3 

1334.3 

165.5 

1387.1 

13 

14 

.2333 

130.6 

1230.2 

141.8 

1282.5 

153-5 

1335.2 

165.7 

1388.0 

14 

IS 

.2500 

130.7 

1231.0 

142.0 

1283.4 

153-7 

1336.0 

165.9 

1388.9 

15 

16 

.2667 

130.9 

1231.9 

142.2 

1284.3 

153-9 

1336.9 

166.1 

1389.8 

16 

17 

.2833 

131-1 

1232.7 

142.3 

1285.2 

I54.I 

1337.8 

166.3 

1390.6 

17 

18 

.3000 

I3I-3 

1233.6 

142.5 

1286.1 

154-3 

1338.7 

166.5 

I39I-5 

18 

19 

.3167 

I3I-5 

1234.5 

142.7 

1286.9 

154-5 

1339.5 

166.7 

1392.4 

19 

20 

•3333 

I3I.7 

1235.4 

142.9 

1287.8 

154-7 

1340.4 

167.0 

1393-3 

20 

21 

•35oo 

I3I-9 

1236.2 

I43-I 

1288.7 

154.9 

I34I-3 

167.2 

I394-I 

21 

22 

.3667 

132-0 

1237.1 

143-3 

1289.6 

I55-I 

1342.2 

167.4 

I395-0 

22 

23 

•3833 

132.2 

1238.0 

143-5 

1290.4 

155-3 

I343-0 

167.6 

1395-9 

23 

24 

.4000 

132.4 

1238.9 

143-7 

1291.3 

155-5 

1343-9 

167.8 

1396.8 

24 

25 

.4167 

132.6 

1239-7 

143-9 

1292.2 

155-7 

1344-8 

168.0 

1397.7 

25 

26 

•4333 

132.8 

1240.6 

144,1 

1 293.I 

155-9 

1345-7 

168.2 

1398.6 

26 

27 

.4500 

l33-o 

1 241 .5 

144-3 

1293.9 

156.1 

1346.5 

168.4 

1399-4 

27 

28 

.4667 

I33-I 

1242.4 

144-5 

1294.8 

156.3 

1347.4 

168.6 

1400.3 

28 

29 

•4833 

*33-3 

1243-2 

144.7 

1295-7 

I56.S 

1348.3 

168.9 

1401.2 

29 

30 

.5000 

133-5 

1 244.1 

144-9 

1296.6 

156.7 

1349.2 

169.1 

1402. 1 

30 

3i 

•5167 

133-7 

1244.0 

I45.I 

1297.4 

156.9 

1350.1 

169.3 

1403.0 

3i 

32 

•5333 

133-9 

1245.8 

145-3 

1298.3 

I57.I 

I35I-0 

169.5 

1403.9 

32 

33 

•5500 

134.0 

1246.7 

145-5 

1299.2 

157.3 

I35I-8 

169.7 

1404.7 

33 

34 

.5667 

134.2 

1247.6 

145.6 

1300.1 

157.5 

1352.7 

169.9 

1405.6 

34 

35 

.5833 

134-4 

1248.4 

145.8 

1300.9 

157-7 

1353.6 

1 70.1 

1406.5 

35 

36 

.6000 

134.6 

1249.3 

146.0 

1301.8 

157-9 

1354-5 

170.3 

1407.4 

36 

37 

.6167 

134-9 

1250.2 

146.2 

1302.7 

158.1 

1355-3 

170.5 

1408.3 

37 

38 

•6333 

l35-o 

1251.1 

146.4 

1303.6 

158.3 

1356.2 

170.8 

1409.2 

38 

39 

.6500 

135-2 

1251.9 

146.6 

1304.4 

158.5 

I357.I 

1 71.0 

1410.0 

39 

40 

.6667 

135-4 

1252.8 

146.8 

1305-3 

158.7 

1358.0 

171. 2 

1410.9 

40 

41 

.6833 

135-6 

1253.7 

147.0 

1306.2 

158.9 

1358.9 

171.4 

1411.8 

41 

42 

.7000 

135-7 

1254.6 

147.2 

1307.1 

IS9-I 

1359.8 

171-6 

1412.7 

42 

43 

.7167 

135-9 

1255.4 

147.4 

1307.9 

159.3 

1360.6 

171.8 

1413-6 

43 

44 

•7333 

136.1 

1256.3 

147.6 

.1308.8 

159-5 

1361.5 

172.0 

I4I4.5 

44 

45 

.7500 

136.3 

1257.2 

147-8 

1309.7 

159-7 

1362.4 

172.2 

I4I5.4 

45 

46 

.7667 

136.5 

1258.1 

148.0 

1310.6 

160.0 

1363.3 

172.5 

1416.3 

46 

47 

.7833 

136.7 

1258.9 

14S.2 

I3II-5 

160.2 

1364.2 

172.7 

I4I7-I 

47 

48 

.8000 

136.9 

1259.8 

148.4 

1312.4 

160.4 

1365.1 

172.9 

1418.0 

48 

49 

.8167 

I37.I 

1260.7 

148.6 

1313-2 

160.6 

1365.9 

I73-I 

1418.9 

49 

50 

•8333 

137-2 

1261.5 

148.8 

1314.1 

160.8 

1366.8 

173-3 

I4I9.8 

50 

51 

.8";oo 

137-4 

1262.4 

149-0 

1315-0 

161.0 

1367.7 

173-5 

1420.7 

51 

52 

.8667 

137.6 

1263.3 

149.2 

I3I5.9 

161. 2 

1368.6 

173-7 

1421.6 

52 

53 

.8833 

137-8 

1264.1 

149-4 

1316.7 

161.4 

1369.5 

173-9 

1422.4 

53 

54 

.9000 

'  I38.0 

1265.0 

149-5 

1317-6 

161.6 

1370.4 

174.1 

14233 

54 

55 

.9167 

138.2 

1265.9 

149-7 

1318.S 

161.8 

I37I-* 

174.4 

1424-2 

55 

56 

•9333 

138.4 

1266.8 

149-9 

1319.4 

162.0 

1372.1 

174.6 

I425.I 

56 

57 

.9500 

138.6 

1267.6 

150.1 

1320.3 

162.2 

1373-0 

174-8 

1426.0 

57 

58 

.9667 

138.7 

1268.5 

150.3 

1321.1 

162.4 

1373-9 

I75.o 

1426.9 

58 

59 
v.   - 

.9833 ! 

138.9 

1269.4 

150.5 

1322.0 

162.6 

1374-7 

175.3 

1427-7 

59 

FUNCTIONS  i  DEGREE  CURVE       865 

Use  100'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  320  Curves 
Use  so'  Chords  up  to  160  Curves        Use  10'  Chords  above  320  Curves 


B 

3 
0 

0 

O  4) 

0  So 

pp 

28° 

29° 

!      30° 

31° 

3 
O 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

.0000 

175-4 

1428.6 

188.5 

1481.9 

202.1 

IS3S-3 

216.3 

1589-0 

0 

1 

.0167 

175-6 

1429-5 

188.7 

1482.8 

202.3 

1536.2 

216.5 

1589.9 

1 

2 

•0333 

175-8 

1430.4 

189.0 

1483.7 

202.6 

I537.I 

216.8 

1590-8 

2 

5 

.0500 

176.0 

I43I-3 

189.2 

1484.5 

202.8 

1538.0 

217.0 

I59I-7 

3 

4 

.0667 

176.3 

1432.2 

189.4 

1485.4 

203.1 

IS38.9 

217.2 

1592.6 

4 

5 

.0833 

176.5 

I433.I 

189.6 

1486.3 

203.3 

1539-8 

217.4 

1593-5 

5 

6 

.1000 

176.7 

1434-0 

189.9 

1487.2 

203.5 

1540.7 

217.7 

1594-4 

6 

7 

.1167 

176.9 

1434-8 

190.1 

1488.1 

203.7 

1541.6 

217.9 

1595-3 

7 

8 

•1333 

I77-I 

1435.7 

190.3 

1489.0 

204.0 

1542-5 

218.2 

1596.2 

8 

9 

.1500 

177-3 

1436.6 

190.5 

1489.9 

204.2 

1543-4 

218.4 

I597-I 

9 

10 

.1667 

177.6 

1437-5 

190.8 

1490.8 

204.5 

i.->44-3 

218.7 

1598.0 

10 

11 

.1833 

177-8 

1438.4 

191.0 

1491-7 

204.7 

1545-2 

218.9 

1598.9 

11 

12 

.2000 

178.0 

1439-3 

191. 2 

1492.6 

204.9 

1546.0 

219.2 

1599.8 

12 

13 

.2167 

178.2 

1440.2 

I9I-S 

1493-4 

205.1 

1546.9 

219.4 

1600.7 

13 

H 

.2333 

178.4 

1441-1 

I9I.7 

1494-3 

205.4 

1547-8 

219.6 

1 601 .6 

14 

IS 

.2  sco 

178.6 

I44I-9 

I9I.9 

1495-2 

205.6 

1548.7 

219-8 

1602.5 

IS 

16 

.2667 

173.9 

1442.8 

192. 1 

1496.1 

205.9 

1549-6 

220.1 

1603.4 

16 

17 

.2833 

I79-I 

1443-7 

192.3 

1497.0 

2C6.I 

1550.5 

220.3 

1604.3 

17 

18 

.3000 

179.3 

1444.6 

192.5 

1497-9 

206.3 

I55I-4 

220.6 

1605.2 

18 

xo 

.3167 

179-5 

1445-5 

192.7 

1498.8 

206.5 

1552.3 

220.8 

1606.1 

19 

,20 

•3333 

179-7 

1446.4 

193-0 

I499.7 

206.8 

1553.2 

221.1 

1607.0 

20 

21 

.3500 

179-9 

1447.3 

193-2 

1500.6 

207.0 

I554-I 

221.3 

1607.9 

21 

22 

.3667 

180.2 

1448.2 

193-5 

1501.5 

207.3 

I555-Q 

221.6 

1608.8 

22 

!23 

.3833 

180.4 

1449-0 

193-7 

IS02.3 

207.5 

1555-9 

221.8 

1609.7 

23 

24 

.4000 

180.6 

1449.9 

193-9 

1503.2 

207.7 

1556.8 

222.1 

1610.6 

24 

;2S 

.4167 

180.8 

1450.8 

I94-I 

1 504.I 

207.9 

1557-7 

222.3 

1611.5 

25 

'.26 

•4333 

181.0 

I45L7 

194-4 

1505-0 

2C8.2 

1558.6 

222.6 

1612.4 

26 

27 

.4500 

181.2 

1452.6 

194.6 

I505-9 

208.4 

1559-5 

222.8 

1613-3 

27 

'28 

.4667 

181.5 

1453-5 

194-8 

1506.8 

208.7 

1560.4 

223.0 

1614.2 

28 

29 

.4833 

181.7 

1454-3 

I95-0 

IS07.7 

208.9 

1561.3 

223.2 

1615.1 

29 

30 

.5000 

181.9 

1455-2 

195-3 

1508.6 

209.I 

1562.2 

223.5 

1616.0 

30 

3i 

.5167 

182. 1 

1456.1 

195-5 

1509.5 

209.3 

1563.1 

223.7 

1616.9 

31 

32 

•5333 

182.3 

I457-0 

195-7 

1510.4 

209.6 

1564-0 

224.0 

1617.8 

32 

33 

.5500 

182.5 

1457.9 

195-9 

1511-2 

2CQ.8 

1564.9 

224.2 

1618.7 

33 

■34 

.5667 

182.8 

1458.8 

196.2 

1512.1 

2 IO.  I 

I565-7 

224.5 

1619.6 

34 

!3S 

.S833 

183.O 

1459-7 

I96.4 

I5I3-0 

210.3 

1566.6 

224.7 

1620.5 

35 

36 

.6000 

183.2 

1460.6 

196.7 

I5I3-9 

2I0.5 

I567-S 

225.0 

1621.4 

36 

37 

.6167 

183.4 

1461.4 

196.9 

I5I4-8 

2IO.7 

1568.4 

225.2 

1622.3 

37 

38 

.6333 

183.6 

I462.3 

I97-I 

I5I5.7 

2II.O 

1569.3 

225.5 

1623.2 

38 

39 

.6500 

183.8 

1463-2 

197-3 

1516.6 

211. 2 

I570.2 

225.7 

1624.1 

39 

40 

.6667 

184.I 

1464.1 

197-6 

I5I7.5 

2II.5 

I57I.I 

226.0 

1625.0 

40 

41 

.6833 

184.3 

1465.0 

197.8 

1518.4 

211. 7 

1572.0 

226,2 

1625.0 

41 

42 

.7000 

184-5 

1465-9 

198.0 

I5I9-3 

2I2.0 

1572.9  1 

226.5 

1626.8 

42 

I  43 

.7167 

184.7 

1466.8 

198.2 

1520.1 

212.2 

1573-8 

226.7 

1627.7 

43 

44 

•7333 

185.0 

1467.7 

198.5 

1521.0 

212.4 

1574-7 

227.0 

1628.6 

44 

45 

.7500 

185.2 

1468.6 

198.7 

I52I.9 

212.6 

1575-6 

227.2 

1629.5 

45 

46 

.7667 

185.4 

1469.5 

198.9 

1522.8 

212.9 

1576.5 

227-5 

1630.5 

46 

47 

.7833 

185.6 

1470.3 

I99-I 

I523-7 

513. 1 

1577-4 

227.7 

1631.4 

47 

48 

.8000 

183.9 

1471-2 

199.4 

1524-6 

213-4 

1578.3 

228.0 

1632.3 

48 

49 

.8167 

I86.I 

1472.1 

199-6 

I525-S 

213.6 

1579-2 

22S.2 

1633.2 

40 

50 

.8333 

186.3 

I473-Q 

199.8 

1526.4 

213-9 

1 580.1 

228.4 

1634.1 

50 

Si 

.8500 

186.5 

1473-9 

200.0 

1527.3 

214. 1 

1581.0 

22S.6 

1635.0 

51 

52 

.8667 

186.8 

1474-8 

200.3 

1528.2 

214.4 

1581.9 

228.9 

1635-9 

52 

S3 

.8833 

187.0 

1475-7 

200.5 

1529-1 

214.6 

1582.8 

229.1 

1636.8 

53 

54 

.0000 

187.2 

1476.6 

200.8 

1530.0 

2148 

1583.7 

229.4 

T637-7 

54 

55 

.9167 

187.4 

1477-4 

201.0 

IS30.9 

215.0 

1584-6 

229.6 

1638.6 

55 

56 

•9333 

187.6 

1478.3 

201.2 

I53I-7 

215-3 

I585-5 

229.9 

I639-S 

56 

57 

•9500 

187.8 

1479-2 

201.4 

1532.6 

215-5 

1586.3 

230.1 

1640.4 

57 

58 

.9667 

188.1 

1480.1 

201.7 

I533-S 

215-8 

IS87.2 

230.4 

230.6 

1641.3 

S8, 
59  J 

59 

.9833 

X88.3 

1481.0 

201.9 

1534-4 

216.0 

1588.1 

1642.2 

866 


SURVEY  DATA 


Use  ioo'  Chords  up  to  8°  Curves 
Use  50'  Chords  up  to  160  Curves 


Use  25'  Chords  up  to  320  Curves 
Use  10'  Chords  above  32  °  Curves 
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J 

0 

■  w 

u  be 

32" 

33° 

34° 

3« 

° 

91 
V 

3 

a 

Ext. 

Tan.  | 

Ext. 

Tan. 

Ext 

Tan. 

Ext. 

Tan. 

.0000 

230.9 

1643.1 

246.1 

1697.3 

261.8 

1751.8 

278.1 

1806.7 

0 

X 

.0167 

231.1 

1644.0 

246.3 

1698.2 

262.0 

1752-7 

278.4 

1807.6 

X 

2 

.0333 

231-4 

1644.9 

246.6 

1699. 1 

262.3 

1753-7 

278.6 

1808.5 

2 

3 

.0500 

231.6 

1645.8 

246.8 

1700.0 

262.6 

1754-6 

278.9 

1809.4 

3 

4 

.0667 

231.9 

1646.7 

247.1 

1700.9 

262.9 

1755-5 

279.2 

1810.3 

4 

s 

.0833 

232.1 

1647.6 

247.4 

1 701.8 

263.1 

1756.4 

279-4 

1811.2 

5 

6 

.1000 

232.4 

1648.5 

247-7 

1702.7 

263.4 

1757.3 

279-7 

1812.2 

6 

7 

.1167 

232.6 

1649.4 

247.9 

1703-6 

263.7 

1758.2 

280.0 

1813.1 

7 

8 

•1333 

232.9 

1650.3 

248.2 

1704.5 

264.0 

I7S9-I 

280.3 

18140 

8 

9 

.1500 

233-1 

1651.2 

248.4 

1705-4 

264.2 

1760.0 

280.6 

1814.9 

9 

10 

.1667 

233-4 

1652.1 

248.7 

1706.4 

264.5 

1761.0 

280.8 

1815.8 

10 

11 

.1833 

233-6 

1653-0 

248.9 

1707-3 

264.7 

1761.9 

281.1 

1816.7 

IX 

12 

.2000 

233-9 

1653-9 

249-2 

1708.2 

265.0 

1762.8 

281.4 

1817.7 

12 

13 

.2167 

234-1 

1654-8 

249.4 

1 709.1 

265.3 

1763.7 

281.6 

1818.6 

13 

14 

.2333 

234-4 

1655.7 

249-7 

1 710.0 

265.6 

1764.6 

281.9 

1819.5 

14 

IS 

.2500 

234-6 

1656.6 

2499 

1 7 10.9 

265.9 

I76S.5 

282.2 

1820.4 

IS 

16 

.2667 

234-9 

1657-5 

250.2 

1711.8 

266.1 

1766.4 

282.5 

1821.3 

16 

17 

•2833 

235-1 

1658.4 

250.5 

1712.7 

266.4 

1767.3 

282.7 

1822.2 

17 

18 

.3000 

235-4 

1659-3 

250.8 

1713-6 

266.7 

1768.3 

283.0 

1823.2 

18 

19 

.3167 

235-6 

1660.2 

251.0 

I7I4-5 

266.9 

1769.2 

283.3 

1824.1 

19 

20 

•3333 

23  5-  9 

1661.1 

2SI-3 

I7I5.5 

267.2 

I770.I 

283.6 

1825.0 

20 

21 

•3500 

236.I 

1662.0 

251-5 

1716.4 

267.4 

1771.0 

283.9 

1825.9 

21- 

22 

.3667 

236.4 

1662.9 

25I;8 

I7I7-3 

267.7 

I77L9 

284.2 

1826.8 

22 

*3 

•3833 

236.6 

1663.8 

252.0 

1718.2 

26S.0 

1772.8 

284.4 

1827.7 

23 

24 

.4000 

836.9 

1664.7 

252-3 

1719-1 

268.3 

1773-7 

284.7 

1828.7 

24 

25 

.4167 

237.1 

1665.6 

252.6 

1720.0 

268.6 

1774-6 

285.0 

1829-6 

2S 

26 

•4333 

237-4 

1666.5 

252.9 

1720.9 

263.8 

1775-6 

285.3 

1830.5 

26 

27 

.4500 

237-6 

1667.4 

253-1 

1721.8 

269.1 

1776.5 

285.6 

1831.4 

27 

28 

.4667 

237-9 

1668.3 

253-4 

1722.7 

269.3 

1777.4 

285.9 

1832.3 

28 

20 

•4833 

238.I 

1669.2 

253-6 

1723-6 

269.6 

1778.3 

286.1 

1833.2 

29 

30 

.5000 

238.4 

1670.1 

253-9 

1724-6 

269.9 

1779-2 

286.4 

1834.2 

30 

31 

.S167 

233.7 

1671.0 

254-1 

1725-5 

270.1 

1780.1 

2S6.7 

1835.1 

31 

32 

•5333 

239-0 

1671.9 

254-4 

1726.4 

270.4 

17S1.0 

287.0 

1836.0 

3« 

33 

.55oo 

239.2 

1672.8 

254-7 

1727.3 

270.7 

1781.9 

287.2 

1836.9 

33 

34 

.5667 

239-5 

1673-7 

255.o 

1728.2 

271.0 

1782.9 

287.5 

1837.8 

34 

3S 

.5833 

239-7 

1674.6 

255.2 

1729.1 

271.2 

1783.8 

287.8 

1838.7 

135 

36 

.6000 

240.0 

1675-5 

255-5 

1730.0 

271.5 

1784.7 

288.1 

1839-7 

36 

37 

.6167 

240.2 

1676.4 

255-7 

1730.9 

271.7 

1785.6 

288.4 

1840.6 

37 

38 

.6333 

240.5 

1677-4 

256.0 

1731.8 

272.0 

1786.5 

288.7 

1841.5 

38 

39 

.6500 

240.7 

1678.3 

256.2 

1732.7 

272.3 

1787.4 

289.0 

1842.4 

39 

40 

.6667 

241.0 

1679.2 

256.5 

1733-6 

272.6 

1788.4 

289.2 

1843.4 

40 

41 

.6833 

241.2 

1680.1 

256.8 

1734-5 

272.9 

1789-3 

2S9.5 

1844.3 

41 

42 

.7000 

241-5 

1681.0 

257-1 

1735-5 

273-1 

1790.2 

289.8 

1845-2 

42 

43 

.7167 

241.7 

1681.9 

257-3 

1736.4 

273-4 

1791.1 

290.1 

1846.1 

43 

44 

•7333 

242.0 

1682.8 

257-6 

1737-3 

273-7 

1792.0 

290.4 

1847-1 

44 

45 

.7500 

242.2 

1683.7 

257.8 

1738.2 

274.0 

1792.9 

290.6 

1848.0 

4S 

46 

.7667 

242.5 

1634.6 

258.1 

I739-I 

274-2 

1793-9 

290.9 

1848.9 

146 

47 

.7833 

242.7 

1685.5 

25S.3 

1740.0 

274-5 

1794.8 

291.2 

1849-8 

3 

48 

.8000 

243-0 

1686.4 

258.6 

1740.9 

274.8 

1795-7 

291-5 

1850.7 

49 

.8167 

243-2 

1687.3 

258.9 

I74I-8 

275-o 

1796.6 

291.8 

1851.6 

49 

SO 

.8333 

243-5 

1688.2 

259-2 

1742.7 

275-3 

1797-5 

292.0 

1852.6 

*° 

Si 

.8500 

243-8 

1689.1 

259-4 

1743-6 

275-6 

1798.4 

292.3 

1853.5 

51 

52 

.8667 

244-1 

1690.0 

259-7 

1744.6 

275-9 

1799-3 

292.6 

1854-4 

Is* 

S3 

.8833 

244-3 

1690.9 

259-9 

I745-S 

276.1 

1800.2 

292.9 

1855-3 

53 

54 

.9000 

244.6 

1691.8 

260.2 

1746.4 

276.4 

1801.2 

293-2 

1856.3 

54 

55 

.9167 

244-8 

1692.7 

260.  s 

1747-3 

276.7 

1802. 1 

293-4 

1857.2 

11 

56 

•9333 

245-1 

1693-7 

260.8 

1748.2 

277.0 

1803.0 

293-7 

1858.1 

57 

•gsoo 

245-3 

1694.6 

261.0 

1 749-1 

277-3 

1803.9 

2940 

1859.0 

Sl 

58 

.9667 

2456 

1695-5 

261.3 

1750.0 

277-5 

1804.8 

294-3 

1859-9 
1860.8 

58 

59 

•9833 

245.8 

1696.4 

1  261.5 

1750.9 

1  277.8 

1805.7 

294-6 

;sq 

FUNCTIONS  i  DEGREE  CURVE 
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use  100 
Use  so' 

^noras 
Chords 

.  up  to  a  curves    use  25  ^noras  up  10  32 
up  to  160  Curves   Use  10'  Chords  above  3a 

curves 
0  Curves 

f 

.£ 

2 

0 

08 

£  0 

36' 

!     37' 

|     38° 

39° 

1  <" 
*> 

— 
3 

.a 
2_ 

0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

1  Ext. 

Tan. 

.0000 

294.9 

1861.8 

312.3 

1917.3 

330.2 

1973-0 

348.7 

2029.1 

1 

.0167 

295-2 

1862.7 

312  5 

1918.2 

330.5 

1973-9 

349-0 

2030.0 

1 

2 

.0333 

29S-4 

1863.6 

,  312.8 

1919.1 

330.8 

1974-9 

349-3 

2031.0 

2 

3 

.0500 

295-7 

1864.5 

|  3I3-I 

1920.0 

33I-I 

1975-8 

349-6 

2031.9 

i 

4 

.0667 

296.0 

1865.5 

3134 

1921.0 

331-4 

1976.7 

349-9 

2032.9 

4 

5 

•0833 

296.3 

1866.4 

313-7 

1921.9 

331-7 

1977.6 

350.3 

2033.8 

5 

6 

.1000 

296.6 

1867.3 

3i4.o 

1922.8 

332.0 

1978.6 

350.6 

2034-7 

6 

7 

.1167 

296.9 

1868.2 

314-3 

1923.7 

332.3 

1979.5 

350.9 

2035.6 

7 

8 

.1333 

297.2 

1869.2 

314-6 

1924.7 

332.6 

1980.5 

351-2 

2036.6 

8 

9 

.1500 

297.5 

1870.1 

314-9 

1925-6 

332.9 

1981.4 

351.5 

2037-5 

9 

10 

.1667 

297-7 

1871.0 

315. 2 

1926.5 

333-2 

1982.3 

351-8 

2038.5 

10 

11 

.1833 

298.0 

1871.9 

3IS-S 

1927.4 

333-5 

1983.2 

352.1 

2039.4 

11 

12 

.2000 

298.3 

1872.9 

315-8 

1928.4 

333-8 

1984.2 

352-4 

2040.4 

12 

13 

.2167 

298.6 

1873.8 

316. 1 

1929.3 

334-2 

1985.1 

352.8 

2041.3 

13 

*4 

.2333 

298.9 

1874-7 

316.4 

1930.2 

334-5 

1986.I 

353-1 

2042.3 

M 

IS 

.2500 

299.2 

1875.6 

316.7 

I93I-I 

334.8 

1987.0 

353-4 

2043.2 

XI 

16 

.2667 

299.5 

1876.5 

317.0 

1932. 1 

335-1 

1987.9 

353-7 

2044.1 

16 

17 

.2833 

299-7 

1877.4 

317.2 

1933-0 

335-4 

1988.8 

354-o 

2045.0 

17 

18 

.3000 

300.0 

1878.4 

317.5 

1933-9 

335-7 

1989.8 

354-3 

2046 .0 

18 

19 

.3167 

300.3 

1879.3 

317.8 

1934.8 

336.0 

1990.7 

354-6 

2046.9 

I10 

20 

.3333 

300.6 

1880.2 

318.1 

1935.8 

336.3 

I99I-7 

354-9 

2047.9 

20 

21 

.3500 

300.9 

1881.1 

318.4 

1936.7 

336.6 

1992.6 

355-3 

2048.8 

21 

22 

.3667 

301-2 

1882.1 

318.7 

1937-6 

336.9 

1993.6 

355-6 

2049.8 

22 

23 

.3833 

301.5 

1883.0 

319.0 

1938.5 

337.2 

1994.5 

355-9 

2050.7 

23 

24 

.4000 

301.8 

1883.9 

319-3 

1939-5 

337-5 

1995.4 

356.2 

2051.7 

24 

25 

.4167 

302.O 

1884.8 

319.6 

1940.4 

337-8 

1996.3 

356.6 

2052.6 

25 

26 

.4333 

302.3 

1885.8 

319-9 

I94I.3 

338.1 

1997.3 

356.9 

2053-5 

26 

27 

•4500  j 

302.6 

1886.7 

320.2 

1942.2 

338.4 

1998.2 

357-2 

2054.4 

27 

28 

.4667  ■ 

302.9 

1887.6 

320.5 

1943-2 

338.7 

1999.2 

357-5 

2055-4 

28 

29 

.4833 

303-2 

1888.5  j 

320.8 

1944.1 

339-1 

2000.1 

357-8 

2056.3 

29 

30 

.5000 

303.  S 

1889.5 

321.1 

I945-0 

339-4 

2001.0 

358.1 

2057.3 

30 

31 

.5167 ! 

303-8 

1890.4 

3214 

1945.9 

339-7 

2001.9 

358.4 

2058.2 

31 

32 

•5333 

304.1 

1891.3 

321.7 

1946.9 

340.0 

2002.9 

358.8 

2059.2 

32 

33 

.5500 

304-3 

1892.2 

322.0 

1947.8 

340.3 

2003.8 

359-1 

2060.1 

33 

34 

.5667 

304.6 

1893.2 

322.3 

1948.8 

340.6 

2004.8 

359-4 

2061. 1 

,34 

35 

.5833 

304.9 

1894.1 

322.6 

1949.7 

340.9 

2005.7 

359-8 

2062.0 

35 

36 

.6000 

305.2 

1895.0 

322.9 

1950.6 

341-2 

2006.6 

360.1 

2063.0 

36 

37 

.6167 

305.5 

1895.9 

323.2 

I95L5 

341-5 

2007.5 

360.4 

2063.9 

37 

38 

•6333 

305.8 

1896.9 

323.5 

1952.5 

341.8 

2008.5 

360.7 

2064.8 

38 

39 

.6500 

306.1 

1897.8 

323-8 

1953.4 

342.1 

2009.4 

361.0 

2065.7 

,39 

40 

.6667 

306.4 

1898.7 

324.2 

1954-4 

342.4 

2010.4 

361.3 

2066.7 

1 
40 

41 

.6833 

306.7 

1899.6 

324-5 

1955.3 

342.8 

2011.3 

361.6 

2067.6 

|4I 

42 

.7000 

307.0 

1900.6 

324.8 

1956.2 

343-1 

2012.3 

362.0 

2068.6 

42 

43 
44 

.7167 

307.2 

1901.5 

325-1 

I957.I 

343-4 

2013.2 

362.3 

2069.5 

43 

.7333 

307.5 

1902.4 

325.4 

1958.1 

343-7 

2014.1 

362.6 

2070.5 

44 

45 

•7Soo 

307.8 

1903.3 

325-7 

I959-0  ! 

344-0 

2015.0 

363-0 

2071.4 

45 

46 

.7667 

308.1 

1904.3 

326.0 

1960.0 

344-3 

2016.0 

363-3 

2072.4 

46 

47 

•7833 

308.4 

1905-2 

326.3 

1960.9 

344-6 

2016.9 

363-6 

2073.3 

47 

48 

.8000 

308.7 

1906. 1 

326.6 

1961.8  j 

344-9 

2017.9 

3639 

2074.2 

48 

49 

.8167 

309.0 

1907.0 

326.9 

1962.7 

345-3 

2018.8 

364.2 

2075.1 

49 

SO 

•8333 

309.3 

1908.0 

327-2 

1963.7 

345-6 

2019.7 

364.5 

2076.1 

SO 

SI 

.8soo 

309.6 

1908.9 

327.5 

1964.6 

345-9 

2020.6 

364-9 

2077.0 

SI 

52 

.8667 

3C9.9 

1909.8 

327.8 

1965.5 

346.2 

2021.6 

365-2 

2078.0 

52 

53 

.8833 

310.2 

1910.7 

328.1 

1966.4 

346.5 

2022.5 

365-5 

2078.9 

S3 

54 

.QOOO 

310.5 

1911-7 

328.4 

1967.4 

346.8 

2023.5 

365.8 

2079.9 

54 

55 

•gl67 

310-8 

1912.6 

328.7 

1968.3 

347-1 

2024.4 

366.2 

2080.8 

55 

56 

•9333 

3".i 

1913.5 

329.0 

1969.3 

347-4 

2025.4 

366.5 

2081.8 

S6 

57 

.9500 

3II.4 

1914-4 

329-3 

1970.2 

347-8 

2026.3 

366.8 

2082.7 

57 

58 

.9667 

3".7 

I9I5-4 

329-6 

1971.1 

348.1 

2027.2 

367.1 

2083.7 

S8 

59 

.9833 

312.0 

1916.3 

3299 

1972.0 

348.4 

2028.1 

367.4 

2084.6 

59 

868 


SURVEY  DATA 


Use  ioo'  Chords  up  to  8°  Curves 
Use  50'  Chords  up  to  i6°  Curves 


Use  25'  Chords  up  to  32 
Use  10'  Chords  ab< 


Curves 
»ove  320  Curves 


s 

3 

a 
P 

0 

08 

40° 

41° 

42° 

43° 

5 
1 

a 
0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

.0000 

367-7 

2085.5 

387.4 

2142.3 

407.7 

2199.5 

428.6 

2257.1 

1 

.0167 

368.0 

2086.4 

387.8 

2143-2 

408.0 

2200.4 

429.0 

2258.0 

1 

2 

•0333 

368.4 

2087.4 

3S8.1 

2144.2 

408.3 

2201.4 

429-3 

2259.0 

2 

3 

.0500 

368.7 

20S8.3 

388.5 

2145. 1 

408.7 

2202.3 

429.7 

2260.0 

3 

4 

.0667 

369.0 

2089.3 

388.8 

2146.1 

409.0 

2203.3 

430.0 

2261.0 

4 

S 

•0833 

369-4 

2090.2 

389.1 

2147.0 

409.4 

2204.3 

430.4 

2261.9 

5 

6 

.1000 

3697 

2091.2 

389-4 

2148.0 

409.7 

2205.3 

430.7 

2262.9 

6 

7 

.1167 

370.0 

2092.1 

389.8 

2148.9 

410.1 

2206.2 

43  LI 

2263.8 

7 

8 

•1333 

370.3 

2093.1 

390.1 

2149.9 

410.4 

2207.2 

431-4 

2264.8 

8 

9 

.1500 

370.7 

2094.0 

390.4 

2150.9 

410.8 

2208.1 

431-8 

2265.7 

9 

10 

.1667 

37i.o 

2095.0 

390.7 

2151.9 

411.1 

2209.1 

432.1 

2266.7 

10 

11 

.1833 

371-3 

2095.9 

39I-I 

2152.8 

4"-5 

2210.0 

432.4 

2267.7 

11 

12 

.2000 

371-6 

2096.9 

391.4 

2153-8 

411.8 

2211.0 

432.8 

2268.7 

12 

13 

.2167 

372.0 

2097.8 

391.8 

2154-7 

412.2 

2211.9 

433-2 

2269.6 

13 

14 

•2333 

372.3 

2098.8 

392.1 

2155-7 

412.5 

2212.9 

433-5 

2270.6 

14 

IS 

.2500 

372.6 

2099.7 

392.4 

2156.6 

412.9 

2213.9 

433-9 

2271.5 

IS 

16 

.2667 

372.9 

2100.7 

392.7 

2157.6 

413-2 

2214.9 

434-2 

2272.5 

16 

17 

•  2833 

373-3 

2101.6 

393-1 

2158.5 

4136 

2215.8 

434-6 

2273-5 

17 

18 

.3000 

373-6 

2102.6 

393-4 

2159-5 

413.9 

2216.8 

434-9 

2274-5 

18 

19 

.3167 

374-0 

2103.5 

393-7 

2160.4 

414-3 

2217.7 

435-3 

2275-4 

19 

20 

•3333 

374-3 

2104.5 

394-1 

2161.4 

414.6 

2218.7 

435-6 

2276.4 

20 

21 

•35oo 

374-6 

2105.4 

394-4 

2162.3 

415-0 

2219.6 

436.0 

2277.3 

-;i 

22 

.3667 

374-9 

2106.3 

394-7 

2163.3 

415-3 

2220.6 

436.3 

2278.3 

22 

23 

.3833 

375-3 

2107.2 

395-1 

2164.2 

415-7 

2221.5 

436.7 

2279.2 

23 

24 

.4000 

375-6 

2108.2 

395-4 

2165.2 

416.0 

2222.5 

437.0 

2280.2 

24 

25 

.4167 

375-9 

2109.1 

395-8 

2166.1 

416.3 

2223.4 

437-4 

2281.2 

25 

26 

•4333 

376.2 

2110.1 

396.1 

2167. 1 

416.6 

2224.4 

437-8 

2282.2 

:6 

27 

.4500 

376.6 

2111.0 

396.5 

2168.0 

417-0 

22254 

438.2 

2283.1 

27 

28 

.4667 

376.9 

2112.0 

396.8 

2169.0 

417-3 

2226.4 

438.5 

2284.1 

28 

29 

.4833 

377-2 

2112.9 

397.2 

2169.9 

417.7 

2227.3 

438.9 

2285.0 

29 

30 

.5000 

'377-5 

2113.9 

397-5 

2170.9 

418.0 

2228.3, 

439-2 

2286.0 

30 

31 

•5167 

377-9 

2114.8 

397-8 

2171.8 

418.4 

2229.2 

439-6 

2287.0 

31 

32 

•5333 

378.2 

2115.8 

398.1 

2172.8 

418.7 

2230.2 

439-9 

2288.0 

32 

33 

.5500 

378.S 

2116.7 

398.5 

2173-7 

4I9-I 

2231. 1 

440.3 

2288.9 

33 

34 

.5667 

378.8 

2117.7 

398.8 

2174.7 

419-4 

2232.1 

440.6 

2289.9 

34 

35 

.5833 

379.2 

2118.6 

399-2 

2175.6 

419-8 

2233.0 

441.0 

2290.S 

3S 

36 

.6000 

379-5 

2119.6 

399-5 

2176.6 

420.1 

2234.0 

441.4 

2291.8 

36 

37 

.6167 

379-8 

2120.5 

399-9 

2177-5 

420.5 

2235.0 

441.8 

2292.8 

37 

38 

•6333 

380.1 

2121.5 

400.2 

2178.5 

420.8 

2256.0 

442.1 

2293.8 

38 

39 

.6500 

380.5 

2122.4 

400.6 

2179-4 

421.2 

2236.9 

442.5 

2294.7 

39 

40 

.6667 

380.8 

2123.4 

400.9 

2180.4 

421.5 

2237.9 

442.8 

2295.7 

40 

41 

.6833 

381.1 

2124.3 

401.3 

2181.4 

421.9 

2238.8 

443-2 

2296.7 

41 

42 

.7000 

381.4 

2125.3 

40I-5 

2182.4 

422.2 

2239.8 

443-5 

2297.7 

42 

43 

.7167 

381.8 

2126.2 

401.9 

2183.3 

422.6 

2240.7 

443-9 

2298.6 

43 

44 

•7333 

382.1 

2127.2 

402.2 

2184.3 

422.9 

2241.7 

444-2 

2299.6 

44 

45 

.7500 

382.5 

2128. 1 

402.6 

2185.2 

423-3 

2242.6 

444-6 

2300.5 

3 

46 

.7667 

382.8 

2129.1 

402.9 

2186.2 

423.6 

2243.6 

445-0 

2301.5 

47 

.7833 

383.1 

2130.0 

403-3 

2187. I 

424.0 

2244.6 

445-4 

2302.5 

4l 

48 

.8000 

383.4 

2131.0 

403.6 

2188.1 

424-3 

2245.6 

445-7 

2303-5 

48 

49 

.8167 

383.8 

2131.9 

404.0 

2189.0 

424.7 

2246.5 

446.1 

2304-4 

49 

50 

•8333 

384.1 

2132.9 ; 

404.3 

2190.0 

425-0 

2247-5 

446.4 

2305-4 

SO 

SI 

.8soo 

38*5 

2133.8 

404.6 

2190.9 

425-4 

2248.4 

446.8 

2306.3 

51 

52 

.8667 

384.8 

2134-7 

404.9 

2191.9 

425-7 

2249.4 

447.1 

2307.3 

52 

53 

.8833 

385-I 

2135-6 

405.3 

2192.8 

426.1 

2250.3 

447-5 

2308.3 

53 

54 

.9000 

385.4 

2136.6 

40S-6 

2193.8 

426.4 

2251.3 

447.8 

2309-3 

54 

55 

.9167 

385-8 

2137-5 

406.0 

2194-7 

426.8 

2252.3 

448.2 

2310.2 

11 

56 

•9333 

386.1 

2138.5 

406.3 

2195-7 

427.1 

2253-3 

448.6 

2311.2 

57 

.9500 

386.5 

2139-4  1 

406.7 

2196.6 

427-5 

2254.2 

449.0 

2312. 1 

57 

58 

.9667 

386.8 

2140.4  I 

407.0 

2197.6 

427-8 

2255.2 

449-3 

2313. 1 

58 

59 

•9833 

387-1 

2141-3  | 

407.4 

2198.5 

428.2 

2256.I 

449-7 

23I4-I 

59 

FUNCTIONS  i  DEGREE  CURVE 


Use  ioo'  Chords  up  to  8°  Curves         Use  25'  Chords  up  to  320  Curves 
Use  50'  Chords  up  to  160  Curves        Use  io'  Chords  above  32  °  Curves 
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869 


o 

I 

2 

3 

4 

5 
6 
7 
8 
9 

xo 
II 

12 
13 
14 

IS 
16 

17 

18 

19 

20 
21 
22 
23 
24 

25 

26 
27 
28 
29 

30 
31 
32 

33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 
47 
48 
49 
SO 
51 
52 
53 
54 

55 
56 
57 
58 
59 


«8? 


.0000 
.0167 

•0333 
.0500 
.0667 

.0833 
.1000 
.1167 
•1333 
.1500 

.1667 

•1833 
.2000 
.2167 
•2333 

.2500 
.2667 
.2833 
.3000 
•3167 

•3333 
•35O0 
.3667 
•3833 
.4000 

.4167 
•4333 
.4500 
.4667 
•4833 

.5000 
•5167 
•5333 
•5500 
.5667 

•5833 
.6000 
.6167 

•6333 
.6500 

.6667 
.6833 
.7000 
.7167 
•7333 

.7500 
.7667 
.7833 
.8000 
.8167 

•8333 

.850c 
.8667 
.8833 
.9000 

.9167 
•9333 
.9500 
•0667 
•9833 


Ext.        Tan. 


450.0 
450.4 
450.7 
45I-I 
451.5 

451-9 
452.2 
452.6 
452.9 
453-3 

453-7 
454-1 
454-4 
454-8 
455-1 

455-5 
455-9 
456.3 
456-6 
457-0 

457-3 
457-7 
458.1 
458.5 
458.8 

459-2 
459-5 
459-9 
460.3 
460.7 

461.0 
461.4 
461.7 
462.1 
462.5 

462.9 
463.2 
4636 
463-9 
464.3 

464.7 
465.0 
465.4 
465.8 
466.2 

466.5 
466.9 
467.3 
467.7 
468.0 

468.4 
468.8 
469.1 
469-5 
469.9 

470.3 
470.6 
47I.O 
471-4 
471.8 


23I5.I 
2316.0 
2317.O 
2318.0 
2319.0 

2319.9 
2320.9 
2321.8 
2322.8 
2323.8 

2324.8 
2325-7 
2326.7 
2327-7 
2328.7 

2329.6 
2330.6 
2331.6 
2332.6 
2333-5 

2334-5 
2335-4 
2336.4 

2337-4 
2338.4 

23393 
2340.3 
2341.3 
2342.3 
2343-2 

2344.2 
2345-1  ! 
2346.1 
2347.1 
2348.1 

2349.0 
2350.0 
235i-o 
2352.0 
2352.9 

2353-9 
2354-9 
2355-9 
2356.8 
2357.8 

2358.8 
2359-8 
2360.7 
2361.7 
2362.7 

2363.7 
2364.6 
2365.6 
2366.6 
2367.6 

2368.5 
2369.5 
2370.5  , 
2371-5! 
2372.4! 


Ext. 


472.1 
472.5 
472.9 
473-3 
473-6 

474-o 
474-4 
474-8 
475-1 
475-5 

475-9 
476.3 
476.6 
477-0 
477-4 

477-8 
478.1 
478.5 
478.9 
479-3 

479-6 
480.0 
480.4 
480.8 
481. 1 

481.5 
481.9 
482.3 
482.6 
483-0 

483-4 
483-8 
484.2 
484.6 
484.9 

485.3 
485.7 
486.1 
486.5 
486.9 

487.2 
487.6 
488.0 
488.4 
488.7 

489.1 
489-5 
489.9 
490.3 
490.7 

491.0 
491.4 
491-8 
492.2 
492.5 

492.9 
493-3 
493-7 
494-1 
494-5 


Tan. 


2373-4 
2374-4 
2375-4 
2376.3 
2377-3 

2378.3 
2379.3 
2380.2 
2381.2 
2382.2 

2383.2 
2384.2 
2385.2 
2386.1 
2387.1 

2388.1 
2389.1 
2390.0 
2391.0 
2392.0 

2393.o 

2393-9 
2394.9 

2395.9 
2396.9 

2397.8 
2398.8 
2399.8 
2400.8 
2401.8 

2402.8 
2403.7 
2404.7 
2405-7 
2406.7 

2407.6 
2408.6 
2409.6 
2410.6 
2411.6 

2412.6 
24I3-5 
2414-5 
2415-5 
2416.5 

2417-5 
2418.5 

2419.4 
2420.4 

2421.4 
2422.4 
2423.4 
2424.4 
2425-3 
2426.3 

2427.3 
2428.3 
2429.2 
2430.2 
2431.2 


46° 


Ext.        Tan.        Ext.        Tan 


494-8 
495-2 
495-6 
496.0 
496.4 

496.7 
497.2 
497-6 
497-9 
498.3 
498.7 
499-1 
499-5 
499-9 
500.3 

500.7 
501.0 
501.4 
501.8 
502.2 

502.6 
503.0 
503-4 
503.8 
504-I 

504.5 
504-9 
505-3 
505.7 
506.1 

506.5 
506.9 
507-3 
507.7 
508.0 

508.4 
508.8 
509.2 
509.6 
510.0 

5I0.4 
510.8 
5H.I 
S".5 
5H-9 

512.3 
512.7 
5I3-I 
513-5 
513-9 

514-3 
514-7 
SiS-i 
515-5 
515-9 

516.3 
5i6.7 
517-1 
517-5 
517.9 


2432.2 
2433-2 
2434.2 
2435-1 
2436.I 

2437.1 
2438.I 
2439-1 
2440.I 
2441.I 

2442.I 
2443.0 
2444.0 
2445.0 
2446.0 

2447.0 
2448.0 
2449.0 
2449.9 
2450.9 

2451.9 
2452.9 
2453-9 
2454-9 
2455-9 

2456.8 
2457.8 
2458.8 
2459.8 
2460.8 

2461.8 
2462.8 
2463.8 
2464.7 
2465.7 

2466.7 

2467.7 
2468.7 
2469.7 
2470.7 

2471.7 
2472.6 
2473-6 
2474.6 
2475-6 

2476.6 
2477.6 
2478.6 
2479.6 
2480.6 

2481.6 
2482.5 
2483.5 
2484.5 
2485.5 

2486.5 
2487.5 
2488.5 
2489.5 
2490.5 


518.3 
518.7 
519.0 
519.4 
519.8 

520.2 
520.6 
521.0 
521.4 
521.8 

522.2 
522.6 
523.0 
523-4 
523-8 

524.2 
524.6 
525-0 
525-4 
525.8 

526.2 
526.6 
527.0 
527.4 
527.8 

528.2 
528.6 
529.0 
529.4 
529.8 

530.2 
53o.6 
53i.o 
531-4 
531.8 

532.2 
532.6 
533-0 
533-4 
533-8 

534-2 
534-6 
53  5 -o 
535-4 
535-8 

536.2 
536.6 
537-Q 
537-4 
537-8 

538.2 
538.6 
539-0 
539-4 
539-8 

540.2 
540.6 
541.0 
541-4 
541-9 


249L5 
2492.4 
2493-4 
2494.4 

2495-4 
2496.4 

2497.4 
2498.4 
2499.4 
2500.4 

2501.4 
2502.4 
2503.4 
2504.4 
2505.4 
2506.3 

2507.3 
2508.3 

25093 


2510.3  19 


2511.3 
2512.3 
25I3.3 
25I4-3 
2515-3 

2516.3 
2517.3 
2518.3 

25I9-3 
2520.2  29 


o 

z 

2 

a 

4 

5 

6 
7 
8 

9 

10 
11 
12 
13 
14 

15 
16 
17 
18 


2521.2 
2522.2 
2523-2 
2524-2 
2525.2 

2526.2 
2527.2 
2528.2 
2529.2 
2530.2 

2531-2 
2532.2 
2533-2 
2534.2 
2535-2 

2536.2 
2537.2 
2538.2 
2539-2 
2540.2 

2541.2 
2542.2 
2543-2 
2544.2 
2545.2 

2546.2 
2547.2 
2548.2 
2549.2 
2550.1 


20- 
21 

22 

23 
24 

25 
26 
27 

28 


30 
31 

32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 


870 


SURVEY  DATA 


Use  100'  Chords  up  to  88  Curves 
Use   so'  Chords  up  to  16°  Curves 


Use  25'  Chords  up  to  320  Curves 
Use  10'  Chords  above  320  Curves 


03 
3 

a 
a 

O  u 

•  >- 
0  to 

48' 

49° 

SO0 

5i° 

a 

3 

a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

542.3 

2551.1 

567.0 

2611.3 

592.4 

2671.9 

618.5 

2733-0 

0 

z 

.0167 

542.* 

2552.1 

567.4 

2612.3 

502.8 

2672.9 

618.9 

2734-1 

1 

2 

•0333 

543-1 

2553.1 

567.8 

2613.3 

503-2 

2673.9 

619.3 

2735-1 

2 

3 

.0-00 

543-5 

2554-1 

S68.3 

2614.3 

593-7 

2675.0 

619.8 

2736.1 

3 

4 

0667 

543-9 

2555.1 

568.7 

2615.3 

504-1 

2676.0 

620.2 

2737-1 

4 

s 

.0833 

544-3 

2556.1 

569.1 

2616.3 

504-5 

2677.0 

620.7 

2738.2 

5 

6 

.1000 

544-7 

2557.1 

569.5 

2617.3 

504-0 

2678.0 

621. 1 

2739.2 

6 

7 

.1167 

545-1 

2S58.I 

560.O 

2618.3 

505-4 

2679.0 

621.6 

2740.2 

7 

8 

•1333 

545-5 

2559-1 

570.3 

2619.3 

505-8 

26S0.0 

622.0 

2741.2 

8 

9 

.1500 

546.O 

2560.1 

570.8 

2620.4 

506.2 

2681.1 

622.5 

2742.3 

9 

10 

.1667 

S46.4 

2561.1 

571-2 

2621.4 

506.7 

2682.1 

622.9 

2743-3 

IO 

11 

•1833 

546-8 

2562.1 

S7I.6 

2622.4 

507-1 

2683.1 

623.3 

2744-3 

11 

12 

.2000 

S47-2 

2563.1 

572.o 

2623.4 

507-5 

2684.1 

623.7 

2745-3 

12 

13 

.2167 

547-6 

2564.1 

572.4 

2624.4 

508-o 

2685.1 

624.2 

2746.4 

13 

14 

•2333 

548.0 

2565.1 

572.8 

2625.4 

508.4 

2686.1 

624.6 

2747.4 

14 

IS 

.2500 

548.4 

2566.I 

573.3 

2626.4 

508.0 

2687.2 

625.1 

2748.4 

IS 

16 

.2667 

548.8 

2567.1 

573-7 

2627.4 

599-3 

2688.2 

625.5 

2749.4 

16 

17 

.2833 

540-2 

2568.1 

574-1 

2628.4 

599-7 

2689.2 

626.0 

2750.5 

17 

18 

.3000 

540-6 

2569.1 

574-5 

2629.4 

600.1 

2690.2 

626.4 

2751.5 

18 

10 

.3167 

550.I 

2570.1 

574-9 

2630.4 

600.6 

2691.3 

626.9 

2752.5 

19 

20 

•3333 

S50.S 

2S7I-I 

575-3 

2631.4 

601.0 

2692.3 

627.3 

2753.5 

20 

21 

•3500 

55CO 

2572.1 

575-8 

2632.5 

601.5 

2693.3 

627.8 

2754-6 

21 

22 

.3667 

551-3 

2573.1 

576.2 

2633.5 

601.9 

2694.3 

628.2 

2755-6 

22 

23 

.3833 

551.7 

2574.1 

576.6 

2634-5 

602.3 

2695-3 

628.7 

2756.7 

23 

24 

.4000 

552-1 

2575-1 

577.o 

2635.S 

602.7 

2696.3 

629.1 

2757.7 

24 

25 

.4167 

552.5 

2576.1 

577-5 

2636.5 

603.2 

2697.4 

629.6 

2758.7 

25 

26 

•4333 

552.9 

2577.1 

577-9 

2637.5 

603.6 

2698.4 

630.0 

2750-7 

26 

27 

.4500 

553-3 

2578.1 

578.3 

2638.5 

604.1 

2699.4 

630.5 

2760.8 

27 

28 

.4667 

553-7 

2579-1 

578.7 

2639-5 

604.5 

2700.4 

630.9 

2761.8 

28 

2Q 

.4833 

554-2 

2580.1 

579-2 

2640.5 

604.9 

2701.4 

63M 

2762.8 

29 

30 

.5000 

554-6 

2581.1 

579-6 

2641.3 

605.3 

2702.4 

631.8 

2763.8 

30 

31 

.5167 

555.o 

2582.1 

580.0 

2642.5 

605.8 

2703.5 

632.3 

2764.9 

31 

32 

•5333 

555-4 

2583.I 

580.4 

2643.5 

606.2 

2704.5 

632.7 

2765.O 

32 

33 

.5500 

555-8 

2584.1 

580.9 

2644.6 

606.6 

2705.5 

633-2 

2766.9 

33 

34 

•5667 

556.2 

2585.1 

581.3 

2645.6 

607.0 

2706.5 

633-6 

2767.9 

34 

35 

.5833 

556.6 

2586.2 

58i.7 

2646.6 

607.5 

2707.6 

634.1 

2769.0 

35 

36 

.6000 

557.o 

2587.2 

582.1 

2647.6 

607.9 

2708.6 

634.5 

2770.0 

36 

37 

.6167 

557-4 

2588.2 

582.6 

2648.6 

60S.4 

2709.6 

634-9 

2771.0 

37 

38 

.6333 

5S7.8 

2589.2 

583.0 

2649.6 

608.8 

2710.6 

635.3 

2772.0 

38 

30 

.6500 

S58.3 

2590.2 

583.4 

2650.6 

609.3 

2711.6 

635.8 

2773.1 

39 

40 

.6667 

558.7 

2591.2 

583.8 

2651.6 

609.7 

2712.6 

636.2 

2774.1 

40 

41 

.6833 

559-1 

2592.2 

584.3 

2652.7 

610.1 

2713-7 

636.7 

2775-2 

41 

42 

.7000 

550-5 

2593-2 

584.7 

2653.7 

610.5 

2714.7 

637.1 

2776.2 

42 

43 

.7167 

5500 

2594.2 

S85.1 

2654.7 

61 1. 0 

2715-7 

637.5 

2777.2 

43 

44 

•7333 

560.3 

2595.2 

585.5 

2655-7 

611.4 

2716.7 

<538.o 

2778.2 

44 

45 

.7500 

560.8 

2596.2 

586.0 

2656.7 

611.9 

2717.8 

638.5 

2779.3 

45 

46 

.7667 

561.2 

2597-2 

586.4 

2657.7 

612.3 

2718.8 

638.9 

27S0.3 

46 

47 

.7833 

561.6 

2598.2 

586.8 

2658.7 

612.8 

2719.8 

639-4 

2781.3 

47 

48 

.8000 

562.0 

2599-2 

587.2 

2659.7 

613.2 

2720.8 

639.8 

2782.3 

48 

40 

.8167 

562.4 

2600.2 

587.7 

2660.8 

6i3-7 

2721.8 

640.3 

2783.4 

40 

50 

.8333 

562.8 

2601.2 

588.1 

2661.8 

614.1 

2722.8 

640.7 

2784.4 

50 

51 

.8500 

563.3 

2602.2 

S88.5 

2662.8 

614.S 

2723.9 

641.2 

2785.4 

51 

52 

.8667 

563.7 

2603.2 

588.9 

2663.8 

614.9 

2724.9 

641.6 

27S6.4 

52 

53 

.8833 

564.1 

2604.2 

589.4 

2664.8 

615.4 

2725.9 

642.1 

2787.5 

S3 

54 

.9000 

564-5 

2605.2 

589.8 

2665.8 

615.8 

2726.9 

642.5 

2788.5 

54 

55 

.9167 

564-0 

2606.2 

590.2 

2666.8 

616.3 

2728.0 

643 .0 

2789.6 

55 

56 

•9333 

565-3 

2607.2 

590.6 

2667.8 

616.7 

2729.0 

643-4 

2790.6 

56 

57 

.9500 

565-8 

2608.3 

59I-I 

2668.9 

617.2 

2730.0 

643.9 

27016 

57 

58 

.9667 

566.2 

2609.3 

501-5 

2669.9 

617.6 

2731-0 

644.3 

2792.6 

58 

SO 

•9833 

566.6 

2610.3 

592.0 

2670.9 

618.1 

2732.0 

6448 

2793.7  j 

50 

1 

FUNCTIONS  i    DEGREE  CURVE  871 

Use  ioo'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  320  Curves 
Use  50'  Chords  up  to  160  Curves        Use  io'  Chords  above  32 °  Curves 

83  ««-   u  r^°  fl  ■.,«  ,M0  ,,0  <P, 


s 

a 

52" 

53' 

54° 

55° 

1  je 

"3 
.9 

lis 
0 

Ext. 

Tan. 

Ext. 

Tan. 

|  Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

645.2 

\   2794-7 

672.7 

2856.9 

700.9 

2919.5 

729.9 

2982.8 

X 

.0167 

645.7 

2795-8 

673.2 

2857-9 

701.4 

2920.6 

730.4 

2983.9 

1 

3 

.0333 

646.1 

2796.8 

673.7 

2858.9 

701.9 

2921.6 

730.9 

2984.9 

2 

3 

.0500 

646.6 

2797-8 

674.2 

2860.0 

702.4 

2922.7 

731.4 

2986.0 

3 

4 

.0667 

647.0 

2798.8 

674.6 

2861.0 

702.8 

2923.8 

731.9 

2987.x 

4 

5 

.0833 

647.5 

2799-9 

675.1 

2862.1 

703.3 

2924.9 

732.4 

2988.2 

5 

6 

.1000 

6479 

2800.9 

675.5 

2863.1 

703.8 

2925.9 

732.9 

2989.2 

6 

I 

.1167 

648.4 

2802.0 

676.0 

2864.2 

704.3 

2927.0 

733-4 

2990.3 

7 

.1333 

648.9 

2803.0 

676.4 

2865.2 

704.8 

2928.0 

733-8 

2991.3 

8 

g 

.1500 

649.4 

2804.0 

676.9 

2866.3 

705.3 

2929.1 

734-3 

2992.4 

9 

xo 

.1667 

649.8 

2805.0 

677.4 

2867.3 

705.7 

2930.1 

734-8 

2993.4 

10 

XI 

.1833 

650.3 

2806.1 

677.9 

2868.4 

706.2 

2931-2 

735-3 

2994-5 

11 

12 

.2000 

650.7 

2807.1 

67S.3 

2869.4 

706.7 

2932.2 

735-8 

2995-5 

12 

13 

.2167 

651.2 

2808.2 

678.8 

2870.5 

707.2 

2933-3 

736.3 

2996.6 

13 

»4 

•2333 

651.6 

2809.2 

679.2 

2871.5 

707.7 

2934.3 

736.8 

2997-7 

14 

IS 

.3500 

652.1 

2810.2 

679.7 

2872.5 

708.2 

2935.4 

737-3 

2998.8 

IS 

16 

.2667 

652.5 

2811.2 

680.2 

2873.5 

708.6 

2936.4 

737-8 

2999-8 

116 

17 

.2833 

653-0 

2812.3 

680.7 

2874.6 

709.1 

2937.5 

738.2 

3000.9 

17 

18 

.3000 

653-4 

2813.3 

681.1 

2875.6 

709.6 

2938.5 

738.7 

3001.9 

18 

19 

.3167 

653-9 

2814.4 

681.6 

2876.7 

710.1 

2939.6 

739-2 

3003.0 

19 

20 

•3333 

654-3 

2815.4 

682.0 

2877-7 

710.5 

2940.6 

739-7 

3004.0 

20 

31 

.3500 

654-8 

2816.4 

682.5 

2878.8 

711.0 

2941.7 

740.2 

3005.1 

21 

22 

.3667 

655.2 

2817.4 

683.0 

2879.8 

7ii-5 

2942.7 

740.7 

3006.2 

22 

23 

.3833 

655.7 

2818.5 

683.5 

2880.9 

712.0 

2943.8 

741.2 

3007.3 

23 

24 

.4000 

656.3 

2819.5 

683.9 

2881.9 

712.5 

2944-8 

741-7 

3008.3 

24 

35 

.4167 

656.7 

2820.6 

684.4 

2883.0 

713.0 

2945-9 

742.2 

3009.4 

25 

36 

•4333 

657.1 

2821.6 

684.9 

2884.0 

713-4 

2946.9 

742.7 

3010.4 

26 

37 

•45oo 

657.6 

2822.6 

685.4 

2885.1 

713-9 

2948.0 

743-2 

3011.5 

27 

38 

.4667 

658.0 

2823.6 

685.8 

2886.1 

714.4 

2949.0 

743-7 

3012.5 

28 

2Q 

.4833 

658.5 

2824.7 

686.3 

2887.1 

714.9 

2950.1 

744-2 

3013.6 

29 

30 

.5000 

658.9 

2825.7 

686.7 

2888.1 

715.3 

295I-I 

744-7 

30I4-7 

30 

31 

.5167 

659.4 

2S26.8 

687.2 

2889.2 

715-8 

2952.2 

745-2 

3015-8 

3i 

32 

•5333 

659.8 

2827.8 

687.7 

2890.2 

716.3 

2953.2 

745-7 

3016.8 

32 

33 

•5500 

660.3 

2828.8 

688.2 

2891.3 

716.8 

2954-3 

746.2 

3017.9 

33 

34 

•5667 

660.7 

2829.8 

688.6 

2892.3 

717-3 

2955-3 

746.7 

3018.9 

34 

35 

.5833 

661.2 

2830.9 

689.1 

2893.4 

717.8 

2956.4 

747-2 

3020.0 

35 

36 

.6000 

6616 

2831.9 

689.6 

2894-4 

71S.2 

2957.5 

747-7 

3021. 1 

36 

37 

.6167 

662.1 

2833.0 

690.1 

2895-5 

718.7 

2958.6 

748.2 

3022.1 

37 

38 

.6333 

662.5 

2834.0 

690.5 

2896.5 

719.2 

2QS9-6 

748.7 

3023.2 

38 

39 

.6500 

663.0 

2835.1 

691.0 

2897.6 

719.7 

2960.7 

749-3 

3024.3 

39 

40 

.6667 

663.5 

2836.1 

691.5 

2898.6 

720.2 

2961.7 

749-7 

3025.3 

40 

41 

.6833 

664.0 

2837.2 

692.0 

2899-7 

720.7 

2962.8 

750.2 

3026.4 

41 

42 

.7000 

664.4 

2838.2 

692.4 

2900.7 

721.1 

2963-8 

7SO-7 

3027.5 

42 

43 

.7167 

664.9 

2839.2 

692.9 

2901.8 

721.6 

2964.9 

•51.2 

3028.6 

43 

44 

•7333 

665.3 

2840.2 

693.4 

2902.8 

722. 1 

2965.9 

751.7 

3029.6 

44 

45 

•7500 

665.8 

2841.3 

693.9 

2903.9 

722.6 

2967.0 

752.2 

3030.7 

45 

46 

.7667 

666.2 

2842.3 

694.3 

2904.9 

723.1 

2968.0 

752.6 

3031-7 

46 

Al 

.7833 

666.7 

2843.4 

694.8 

2906.0 

723.6 

2969.1 

753-X 

3032.8 

47 

48 

.8000 

667.2 

2844.4 

695.3 

2907.0 

724.1 

2970.1 

753-6 

3033.8 

48 

49 

.8167 

667.7 

2845.5 

695-8 

2908.1 

724.6 

2971.2 

754-x 

3035.0 

49 

SO 

.8333 

668.x 

2846.5 

696.2 

2909.1 

725.0 

2972.2 

754.6 

3036.0 

SO 

51 

.8500 

668.6 

2847.5 

696.7 

2910.2 

725-5 

2973-3 

755-1 

3037.1 

51 

52 

.8667 

669.0 

2848.5 

697.1 

2911.2 

726.0 

2974-4 

755-6 

3038.1 

52 

S3 

.8833 

669.5 

2849.6 

697.6 

2912.3 

726.5 

2975-5 

756.1 

3039.2 

53 

> 

.9000 

669.9 

2850.6 

698.1 

2913-3 

727.0 

2976.5 

756.6 

3040.2 

34 

SI 

•9167 

6704 

2851.7 

698.6 

2914.4 

727.5 

2977.6 

757-x 

3041.3 

55 

56 

•9333 

670.9 

2852.7 

699.0 

2915-4 

728.0 

2978.6 

757-6 

3042.4 

56 

57 

•95°° 

671.4 

2853-8 

699-5 

2916.5 

728.5 

2979-7 

758.1 

3043-5 

57 

58 

.9667 

671.8 

28S4.8 

700.0 

2917-5 

729-0 

2980.7 

758-6 

3044-5 

58 

J59 

•9833 

672.3 

2855-9 

700.5 

2918.5 

729-5 

2981.8 

759.x 

3045-6 

59 
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SURVEY  DATA 


Use  so' 

Chords 

up  to  160  Curves   Use  io'  Chords  above  32 

l"  Curves 

B 

3 

a 

C  0     ; 

.  1-  ■ 

0  to 

S6° 

57° 

58° 

St 

2 

3 
D 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

o 

.0000 

759-6 

3046.6 

700.2 

3111.1 1 

821.4 

3176.1 

853.5 

3241.9 

0 

I 

.0167 

760.1 

3047-7 

790.7 

3112.2 : 

821.9 

3177-2 

854-0 

3243.0 

1 

2 

.0333 

760.6 

3048.8 

791.2 

3"3-3 

822.5 

3178.3 

854.6 

3244-1 

2 

3 

.0500 

761. 1 

3049.9 

791.7 

3114.4 

823.0 

3179-4 

855.1 

3245.2 

3 

4 

.0667 

761.6 

3050.9 

792.2 

3115.4 

823.5 

3180.5 

855.7 

3246.3  I  4 

3247.4  5 

S 

.0833 

762.2 

3052.0 

792.8 

3116.5 

824.1 

3181.6 

856.2 

6 

.1000 

762.7 

3053-1 

703-3 

3117.6 

824.6 

3182.7 

856.8 

3248.5   6 

7 

.1167 

763.2 

3054-2 

793-8 

3118.7 

825.2 

3i83.3  | 

857.3 

3249-6   7 

8 

.1333 

703.7 

3055-2 

794-3 

3119.7 

825.7 

3184.9 

8:7.9 

3250.7   8 

9 

.1500 

764.2 

3056.3 

794-8 

3120.8 

826.2 

3186.0 

858.S 

3251.3   9 
3252.9  10 

10 

.1667 

764.7 

3057-4 

795-3 

3121.9 

826.7 

3187.1 

859.0 

21 

.1833 

765.2 

3058.5 

795-8 

3123.0 

827.3 

3188.2 

859-5 

3254-0  11 

12 

.2000 

765.7 

3059.5 

796.3 

3124.1 

827.8 

3189.2 

860.0 

3255.1 

12 

13 

.2167 

765.2 

3060.6 

796.9 

3125.2 

828.4 

3190.3 

860.6 

3256.2 

13 

U 

•2333 

766.7 

3061.6 

797-4 

3126.2 

828.9 

3i9i-4 

861.1 

3257.3 

m 

IS 

.2500 

767.2 

3062.7 

797-9 

3127.3 

829.4 

3192.S 

861.7 

3258.4  15 

16 

.2667 

767.7 

3065.8 

798.4 

3128.4 

829.9 

3193.6 

862.2 

3259.5  .16 

17 

.2833 

768.2 

3064.9 

798.9 

3129.5 

830.5 

3194-7 

862.8 

3260.6 

17 

18 

.3000 

763.7 

3065.9 

799-4 

3130.6 

831.0 

3195.8 

863.3 

3261.7 

18 

19 

.3167 

769.2 

3067.0 

799-9 

3131.7 

831.5 

3196.9 

863.8 

3262.8 

19 

20 

.3333 

769.7 

3068.1 

800.5 

3132.7 

832.1 

3198.0 

864.4 

3263.9  20 

21 

.3500 

770-3 

3069.2 

801.0 

3133.8 

832.5 

3199-1 

864.9 

3265.0  21 

3266.1  22 

22 

.3667 

770.8 

3070.2 

801. s 

3134.9 

833.1 

3200.2 

865.5 

23 

•3833 

771.3 

3071.3 

802.0 

3136.0 

833.6 

3201.3 

866.0 

3267.2  23 

24 

.4000 

771-8 

3072.4 

802.5 

3137.0 

834.2 

3202.4 

866.6 

3268.3  24 

25 

.4167 

772.3 

3073-5 

803.1 

3138.1 

834.7 

3203.5 

867.1 

3269.4  «l 

26 

.4333 

772.8 

3074-5 

803.6 

3139.2 

835.3 

3204.5 

867.7 

3270.5  26 

27 

.4500 

773-3 

3075-6 

804.2 

3140.3 

835.8 

3205.6 

863.2 

3271-6 

27 

28 

.4667 

773-8 

3076.6 

804.7 

3141.4 

836.3 

3206.7 

863.8 

3272.7 

28 

29 

.4833 

774-3 

3077.7 

805.2 

3142.5 

836.8 

3207.8 

869.3 

3273-8 

29 

3° 

.5000 

774-8 

3078.8 

805.7 

3143.5 

837.4 

3208.9 

869.9 

3274.9 

30 

31 

.5167 

775-3 

3079-9 

806.3 

3144.6 

837.8 

3:10.0 

870.5 

3276.0 

31 

32 

.5333 

77S-8 

3080.9 

806.8 

3145.7 

838.4 

3=11.1 

871.0 

3277.1 

32 

33 

.5500 

776.3 

3082.0 

807.3 

3146.8 

838.9 

3212.2 

871-6 

3278.2 

33 

34 

.5667 

776.8 

3083.1 

807.8 

3147.9 

839.5 

3213-3 

872.1 

3279.4 

34 

35 

.5833 

777-3 

3084.2 

808.3 

3149.0 

840.0 

3214.4 

872.7 

3280.5  '35 

36 

.6000 

777-8 

3085.2 

808.8 

3150.0 

840.6 

3215-5 

8/3-2 

3281.6  36 

37 

.6167 

773.4 

3086.3 

809.4 

3151.1 

841.1 

3216.6 

873-8 

3282.7 

37 

38 

•6333 

773-9 

3087.4 

809.9 

3152.2 

841.6 

3^17.7 

874.3 

3283.8  | 

38 

39 

.6500 

779-4 

3088.5 

810.4 

3153.3 

842.1 

3218.8 

874.9 

3284.9 1 

39 

40 

.6667 

779.9 

3089.6 

810.9 

3154.4 

842.7 

3219.9 

875.4 

3286.0 

40 

41 

.6833 

7S0.4 

3090.7 

811.5 

3155.5 

843.1 

3221.0 

876.0 

3287.1 

41 

42 

.7000 

780.9 

3091-7 

812.0 

3156.6 

843-8 

3222.1 

876.5 

3288.2  42 

43 

.7167 

73i.^ 

3092.8 

812.5 

3157.7 

8-14.2 

3223.2 

877-0 

32S9.3  43 

44 

.7333 

781.9 

3093.9 

813.0 

3158.7 

844.9 

3224.3 

877.6 

3290.5  44 

4S 

.7500 

782.5 

3095-0 

813.6 

31598 

845.5 

3225.4' 

878.1 

3291.6  45 

46 

.7667 

783.0 

3096.0 

814.1 

3160.9 

845.0 

3226.5 

878.7 

3292.7  4° 

47 

.7833 

733.5 

3097.1 

814.6 

3162.0 

846.5 

3227.6 

879-2 

3293-3 

47 

48 

.8000 

784.0 

3098.2 

815.1 

3163 1 

847.0 

3228.7 

879.8 

3294.9 

48 

49 

.8167 

784.5 

30993 

815-7 

3164.2 

847-6 

3229.8 

880.3 

3296.0 

49 

50 

.8333 

785.0 

3100.3 

816.2 

3165.3 

848.1 

3230.9 

8S0.9 

3297.I 

50 

51 

.8500 

785.5 

3101.4 

816.7 

3166.4 

848.7 

3232.0 ! 

881.5 

3298.2 

51 

52 

.8667 

786.0 

3102. s 

817.2 

3167.4 

849-2 

3233-1  ■ 

832.o 

3299-3 

52 

53 

.8833 

786.6 

3103-6 

817.8 

3168.5 

849.8 

3234.2 ; 

882.6 

3300.4 

53 

54 

.9000 

787.1 

3104.6 

818.3 

3169.6 

850.3 

3235-3  i 

883.1 

3301.5 

54 

55 

.9167 

787.6 

3IOS-7 

81S.8 

3170.7 

850.9 

3236.4 

883.7 

3302.6 

55 , 

56 

.9333 

788.1 

3106.8 

819.3 

SI7I-8 

851.4 

3237-5 

884-2 

3303.8 

56 

57 

.9500 

788.6 

3107.9 

819.9 

3172.9 

852.0 

32J3.6 

884.8 

3304-9 

57 

58 

.9667 

789-1 

310S.9 

820.4 

3I74-0 

852.5 

3239.7 

885.3 

3306.0  1 

58 

59 

.9833 

789.7 

3110.0 

820.9 

3I75-I 

853.0 

3240.8 

885.9 

3307.1  59 

FUNCTIONS  i  DEGREE  CURVE 
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Use  100'  Chords  up  to  8°  Curves 
Use  50'  Chords  up  to  160  Curves 


Use  25'  Chords  up  to  32  °  Curves 
Use  io'  Chords  above  320  Curves 


8 

a 
a 

3 

u  ui 

6o° 

6i° 

62° 

63° 

1 

3 

a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

886.4 

3308.2 

920.2 

3375-2 

954-8 

3442.9 

990.3 

35".3 

0 

1 

.0167 

886.9 

3309-3 

920.8 

3376.3 

955-4 

3444.1 

990.9 

3512.4 

1 

2 

.0333 

887.5 

3310.4 

921.4 

3377-4 

956.0 

3445-2 

991-5 

3513-6 

2 

3 

.0500 

888.1 

33H-5 

922.0 

3378.5 

956.6 

3446.3 

992.1 

3514-8 

3 

4 

.0667 

888.7 

3312.7 

922.5 

3379-7 

957-2 

3447-5 

992-7 

3515-9 

4 

s 

.0833 

889.3 

3313-8 

923-0 

3380.8 

957-7 

3448.6 

993-3 

35I7-I 

s 

6 

.1000 

889.8 

3314-9 

923-6 

3381.9 

958.3 

3449.7 

993-9 

35i8.2 

6 

7 

.1167 

890.3 

3316.0 

924.2 

3383.1 

958.9 

3450.9 

994-5 

3519-3 

7 

8 

•1333 

890.9 

33I7-I 

924.8 

3384-2 

959-5 

3452.0 

995-1 

3520.5 

8 

9 

.1500 

891-5 

3318.2 

925-3 

3385.3 

960.1 

3453-2 

995-7 

3521.6 

9 

10 

.1667 

892.0 

3319-3 

925.9 

3386.4 

960.7 

3454-3 

996.3 

3522.8 

10 

11 

.1833 

892.6 

3320.5 

926.5 

3387.5 

961.3 

345S-4 

996.9 

3524.o 

11 

12 

.2000 

893.1 

3321.6 

927.1 

3388.7 

961.9 

3456.6 

997-5 

3525-1 

12 

13 

.2167 

893-7 

3322.7 

927.6 

3389.8 

962.4 

3457-7 

998.1 

3526.2 

13 

14 

•2333 

894-3 

3323-8 

928.2 

3390.9 

963-0 

3458.8 

998.7 

3527-4 

14 

*5 

.2500 

894.8 

3324-9 

928.7 

3392.1 

963.6 

3460.0 

9993 

3528.6 

15 

16 

.2667 

895-4 

3326.0 

929-3 

3393-2 

964.2 

3461.1 

999.9 

3529-7 

16 

17 

■2833 

895.9 

3327.1 

929.9 

3394-3 

964.8 

3462.3 

1000.5 

3530.9  1 17 

18 

.3000 

896.5 

3328.3 

930.5 

3395-4 

965.4 

3463.4 

IOOI.I 

3532.o 

IS 

19 

.3167 

897.0 

3329.4 

931.0 

3396.6 

966.0 

3464-6 

1001.7 

3533-1 

19 

20 

•3333 

'897.6 

3330.S 

931.6 

3397-7 

966.6 

3465.7 

1002.3 

3534-3 

20 

21 

.3500 

898.2 

3331-6 

932.2 

3398.8 

967.2 

3466.8 

1002.9 

3535-4 

21 

22 

.3667 

898.8 

3332.7 

932.8 

3399-9 

967.8 

3467.9 

1003.5 

3536.6 

22 

23 

.3833 

899-3 

3333-8 

933-3 

3401.1 

968.3 

3469.0 

1004.1 

3537-8 

23 

24 

.4000 

899.9 

3334-9 

933-9 

3402.2 

968.9 

3470.2 

1004.7 

3538.9 

24 

25 

.4167 

900.5 

3336-1 

934-5 

3403-3 

969-5 

3471.3 

1005.3 

3540.0 

25 

26 

•4333 

901.0 

3337-2 

935-1 

3404.4 

97o.i 

3472-5 

1005.9 

3541-2 

26 

27 

.4500 

901.6 

3338.3 

935-7 

3405-6 

970.7 

3473-6 

1006.5 

3542.3 

27 

28 

.4667 

902.1 

3339-4 

936.3 

3406.7 

971.3 

3474-7 

1007. 1 

3543-5 

28 

29 

.4833 

902.7 

3340.5 

936.8 

3407.8 

971.9 

3475-9 

1007.8 

3544-6 

29 

30 

.5000 

903-2 

3341-6 

937-4 

3408.9 

972.5 

3477-0 

1008.4 

3545-8 

30 

31 

.5167 

903-8 

3342.7 

938.0 

3410.1 

973-o 

3478.1 

1009.0 

3546.9 

31 

32 

•5333 

904.4 

3343-9 

938.6 

3411.2 

973.6 

3479-3 

1009.6 

3548.1 

32 

33 

.55oo 

904.9 

3345-Q 

939-1 

3412.3 

974-2 

348o.5 

1010.2 

3549-2 

33 

34 

.5667 

905-5 

3346.1 

939-7 

3413-5 

974-8 

3481.6 

1010.8 

3550.4 

34 

35 

.5833 

906.1 

3347-2 

940.4 

3414.6 

975-4 

3482.7 

1011.4 

3551-6 

35 

36 

.6000 

906.6 

3348.3 

940.9 

3415-7 

976.0 

3483-9 

1012.0 

3552.7 

36 

37 

.6167 

907.2 

3349-5 

941.5 

3416.8 

976.6 

3485.0 

1012.6 

3553-8 

37 

38 

.6333 

907.7 

3350.6 

942.1 

34i8.o 

977-2 

3486.2 

1013.2 

3555-0 

38 

39 

.6500 

1  908.2 

3351-7 

942.6 

3419-2 

977-8 

3487.4 

1013.9 

3556.2 

39 

40 

.6667 

908.8 

3352-8 

943-2 

3420.3 

978.4 

3488.5 

1014.5 

3557-3 

40 

41 

.6833 

909.4 

3353-9 

943-8 

3421.4 

979.0 

3489-6 

1015.1 

3558.4 

41 

42 

.7000 

910.0 

3355-Q 

944.4 

3422.5 

979-6 

3490.7 

1015.7 

3559-6 

42 

43 

.7167 

910.6 

3356.1 

944-9 

3423-6 

980.2 

3491-9 

1016.3 

3560.8 

43 

44 

•7333 

911. 1 

3357-3 

945-5 

3424.8 

980.8 

3493-0 

1016.9 

3562.0 

44 

45 

.7500 

911.7 

3358.4 

946,1 

3426.0 

981.4 

3494.2 

1017.5 

3563-2 

45 

46 

.7667 

912.3 

3359-5 

946.7 

3427.1 

982.0 

3495-3 

1018.1 

3564-3 

46 

47 

.7833 

912.8 

3360.6 

947.2 

3428.2 

982.6 

3496.4 

1018.7 

3565.5 

47 

48 

.8000 

913.4 

3361.8 

947-8 

3429-3 

983.2 

3497-6 

1019.3 

35&6.6 

48 

49 

.8167 

913-9 

3362.9 

948-4 

3430.4 

983.8 

3498.7 

1020.0 

3567.7 

49 

50 

•8333 

914-5 

3364-0 

949.0 

3431.6 

984.4 

3499-9 

1020.6 

3568.9 

50 

51 

.8=500 

915-1 

3365.1 

949.6 

3432.8 

984.9 

3501.0 

1021.2 

3570.0 

51 

52 

.8667 

915-7 

3366.2 

9SQ.2 

3433-° 

985.5 

3502.2 

1021.8 

3571-2 

52 

53 

.8833 

916.2 

3367.3 

95o.7 

3434-0 

986.1 

3503.3 

1022.4 

3572.3 

53 

54 

.9000 

916.8 

3368.5 

951-3 

3436.1 

986.7 

3504.5 

1023.0 

3S73-5 

54 

55 

.9167 

917.4 

3369-6 

951.9 

3437-2 

987.3 

3505.6 

1023.6 

3574-6 

55 

56 

•9333 

j  918.0 

3370.7 

952.5 

3438.4 

987.9 

3506.8 

1024.2 

3575-8 

56 

57 

.9500 

918.6 

3371-9 

953-0 

3439-6 

988.S 

3507.9 

1024.8 

3576.9 

57 

58 

.9667 

9I9-I 

3373-0 

953-6 

3440.7 

989.1 

3509-0 

1025.4 

3578.1 

58 

59  |  -9833 

j  9196 

3374-1 

954-2 

3441-8 

989.7 

3Sio.i 

1026. 1 

3579-3 

I59 

874 


SURVEY  DATA 


Use  so' 

Chords 

up  to  1 6°  Curves   Use  io'  Chords  above  32 

0  Curves 

s 
a 

9 

O  V 

64° 

65° 

66° 

67° 

3 

s 

a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan 

Ext. 

Tan. 

o 

.0000 

1026.7 

3580.4 

1064.0 

3650.4 

1102.2 

3721. 1 

1141.5 

3792.6 

0 

I 

.0167 

1027.3 

3581.6 

1064.6 

3651-6 

1102.9 

3722.3 

1142.2 

3793.8 

1 

2 

.0333 

1027.9 

3582.8 

1065.2 

3652.8 

"03.5 

3723.4 

1142.8 

3795.o 

2 

3 

.0500 

1028.6 

3583.9 

1065.9 

3654.0 

1 104. 2 

3724.6 

H43-5 

3796.2 

3 

4 

.0667 

1029.2 

3585.1 

1066.5 

3655.1 

1 104.8 

3725-8 

1144.1 

3797.4 

4 

5 

.0833 

1029.8 

3586.3 

1067. 1 

3656.3 

1105.5 

3727.0 

1 144.8 

3798.6 

5 

6 

.1000 

1030.4 

3587.4 

1067.7 

3657-5 

1106.1 

3728.2 

"45-4 

3799-8 
3801.0 

6 

7 

.1167 

1031.1 

3588.6 

10GS.4 

3658.6 

1 106.8 

3729-4 

1146.1 

7 

8 

.1333 

1031.7 

3589.7 

1069.0 

3659.8 

1107.4 

3730.6 

1146.7 

3802.2 

8 

9 

.1500 

1032.3 

3590.9 

1069.6 

3661.0 

1 108. 1 

3731-7 

II47.4 

3803.4 

9 

zo 

.1667 

1032.9 

3592.1 

1070.2 

3662.2 

1 108.7 

3732.9 

1148.1 

3804.6 

10 

XI 

.1833 

IQ33-S 

3593-3 

1070.9 

3663.4 

1109.4 

3734-1 

1148.8 

3805.8 

XI 

12 

.2000 

1034-1 

3594-4 

1071.5 

3664.5 

IIIO.O 

3735-3 

1149.4 

3807.0 

12 

13 

.2167 

1034.8 

3595-5 

1072. 1 

3665.7 

1110.7 

3736.5 

1150.x 

3808.2 

13 

14 

.2333 

1035.4 

3S96.7 

1072.7 

3666.9 

1111.3 

3737-7 

1150.7 

3809.4 

i14 

IS 

.2500 

1036.0 

3597-9 

1073.4 

3668.0 

1112.0 

3738.9 

1151.4 

3810.6 

4 

16 

.2667 

1036.6 

3599-1 

1074.0 

3669.2 

1112.6 

3740.I 

II52.O 

3811.8 

I16 

17 

.2833 

1037.3 

3600.3 

1074.6 

3670.4 

"13-3 

3741-3 

"S2.7 

3813.0 

;  17 

U 

.3000 

1037.9 

3601.4 

1075.2 

3671.6 

1113.9 

3742.4 

"53-3 

3814.2 

18 

19 

.3167 

1038.5 

3602.6 

1075.9 

3672.8 

1114.6 

3743-6 

■  H54-0 

3815.4 

19 

SO 

•3333 

10391 

3603.7 

1076.6 

3673-9 

III5-2 

3744-8 

'lI54-7< 

3816.6 

20 

21 

.3500 

1039.7 

3604.8 

1077.2 

3675-0 

1115.9 

3746.0 

IISS-4 

3817.8 

21 

22 

.3667 

1040.3 

3606.0 

1077.8 

3676.2 

1116.5 

3747-2 

1156.0 

3819.0 

,22 

23 

.3833 

1 041.0 

3607.2 

1078.5 

3677-4 

1117.2 

3748.4 

1156.7 

3820.2 

23 

24 

.4000 

1041.6 

3608.4 

1079.1 

3678.6 

1117.8 

3749-6 

1X57-4 

3821.4 

[24 

25 

.4167 

X042.2 

3609.5 

1079.8 

3679-7 

1118.5 

3750.7 

I  1158.1 

3822.6 

25 

26 

•4333 

1042.8 

3610.7 

1080.4 

3680.9 

1119.1 

3751-9 

II58.7 

3823.8 

126 

27 

.4500, 

1043.5 

3611.9 

1081.1 

3632.1 

1119.8 

3753-1 

1  "59-4 

3825.0 

27 

28 

.4667 

1 044.x 

3613.0 

10S1.7 

3683.3 

1 1 20.4 

3754-3 

I160.I 

3826.2 

28 

29 

.4833 

1044.7 

3614.1 

1082.4 

3684.5 

1121.1 

3755-5 

j  H60.8 

3827.4 

129 

30 

.5000 

1045.3 

36I5.3 

1083.0 

3685.6 

1121.7 

3756.7 

XX61.4 

3828.6 

'30 

31 

•5167 

1045.9 

3616.5 

1083.6 

3686.8 

1122.3 

3757-9 

1162.1 

3829.8 

31 

32 

•5333 

1046.5 

3617.7 

1084.2 

3688.0 

1123.0 

3759-1 

1162.8 

3831-0 

32 

33 

.5500 

1047.2 

3618.9 

1084.9 

3689.2 

1123.7 

3760.3 

II63.S 

3832.2 

!33 

34 

•5667 

1047.8 

3620.0 

1085.5 

3690.4 

1124.3 

376i.S 

I164.I 

3833-4 

34 

35 

.5833 

1048.4 

3621.X 

1086.2 

3691.6 

1125.0 

3762.7 

1164.8 

3834-6 

'35 

36 

.6000 

1049.0 

3622.3 

1086.8 

3692.7 

1125.6 

3763.9 

H65.5 

3835.9 

36 

37 

.6167 

1049.7 

3623.5 

10S7.5 

3693-9 

1126.3 

3765.1 

1166.2 

3837.1 

37 

38 

.6333 

1050.3 

3624.7 

1088. 1 

3695-1 

1126.9 

3766.3 

1166.8 

3838.3 

38 

39 

.6500 

1050.9 

3625.8 

X088.8 

3696.2 

1127.6 

3767.5 

H67.5 

3839.5 

.39 

40 

.6667 

X051.5 

3627.0 

1089.4 

3697.4 

1128.3 

3768.7 

1168.2 

3840.7 

'40 

4* 

.6833 

1052. 1 

3628.2 

1090.0 

3098.6 

1129.0 

3769-9 

I1CS.9 

3841-9 

41 

42 

.7000 

1052.7 

3629.4 

ioqo.6 

3699-8 

1129.6 

377I.O 

1169.5 

3843-1 

42 

43 

.7167 

I053-4 

3630.5 

10Q1.3 

3701.0 

1 130.3 

3772.2 

1170.2 

3844-3 

43 

44 

•7333 

1054.0 

3631.7 

1091.9 

3702.2 

1130.9 

3773-4 

H70.9 

3845-5 

144 

45 

.750O 

1054.6 

3632.8 

1092.6 

3703.3 

1131-6 

3774-6 

1171.6 

3846.7 

45 

46 

.7667 

1055.2 

3634-0 

1093.2 

3704.5 

1132.2 

3775-8 

1172.2 

3847-9 

|46 

47 

.7833 

IOS5-9 

3635-2 

1093.9 

3705-7 

1132.9 

3777-0 

1172.9 

3849.1 

47 

48 

.8000 

1056.5 

3636.4 

1094.5 

3706.9 

"33-5 

377S.2 

1173.6 

3850.4 

48 

49 

.8167 

1057.x 

3637.5 

1095.2 

3708.1 

1134.2 

3779-4 

"74-3 

3851.6 

49 

5o 

.8333 

1057.7 

3638.7 

1095.8 

3709-3 

H34-9 

3780.6 

1174.9 

3852.8 

1 
50 

51 

.8500 

1058.4 

3639.9 

1096.4 

3710.5 

II35-6 

3781.8 

II75-6 

3854-0 

51 

52 

.8667 

1059.0 

3641.1 

1097.0 

3711.6 

1136.2 

3783-0 

1176.3 

3855.2 

52 

53 

•8833 

1059.6 

3642.3 

1097.7 

3712.8 

1136.9 

3784.2 

11770 

3856.4 

i53 

54 

.9000 

1060.2 

3643-4 

1098.3 

37i4-o 

H37-5 

3785.4 

H77-6 

3857.6 

I54 

55 

.9167 

1060.9 

3644-6 

1099.0 

37i5.i 

1138.2 

3786.6 

1178.3 

3858.8 

]SS 

56 

•9333 

1061.5 

3645.7 

1099.6 

3716.3 

1138.8 

3787.8 

1179.0 

3860.0 

56 

57 

•9SOO 

1062. 1 

3646.9 

1100.3 

3717-5 

"39-5 

3789.0 

II79-7 

3861.2 

57 

58 

.9667 

1062.7 

3648.1 

1 100.9 

3718.7 

1 140. 1 

3790.2 

1 1 80.3 

3862.5 

58 

59 

.9833 

1063.4 

3^49-2 

1101.6 

3719-9 

X  140.8 

3791.4 

n8x.o 

3863.7 

ISO 

• 

FUNCTIONS  i  DEGREE  CURVE 


Use  ioo'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  320  Curves 
Use  50'  Chords  up  to  160  Curves        Use  10'  Chords  above  320  Curves 


87s 


1  J 

1 

0 

68° 

* 

7oe 

71° 

8 

a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

.0000 

1181.6 

3864.9 

1222.9 

3938.1 

1265.0 

401 2.1 

1308.4 

4087.1 

0 

1 

.0167 

1182.3 

3866.1 

1223.6 

3939-4 

1265.7 

4013-4 

1309-2 

4088.4 

1 

2 

.0333 

1183.0 

3867.3 

1224.3 

3940.6 

1266.4 

4014.6 

1309.9 

4089.7 

2 

3 

.0500 

1183.7 

3868.5 

1225.0 

3941.8 

1267.2 

4015-9 

1310.6 

4091.0 

3 

4 

.0667 

1 184.4 

3869.7 

1225.7 

3943-0 

1267.9 

4017.1 

1311-3 

4092.2 

4 

s 

.0833 

118S.1 

3870.9 

1226.4 

3944-2 

1268.6 

4018.4 

1312.1 

4093.5 

5 

6 

.1000 

"85.7 

3872.2 

1227. 1 

3945-5 

1269.3 

4019.6 

1312.8 

4094.7 

6 

7 

.1167 

1186.4 

3873-4 

1227.8 

3946.7 

1270.1 

4020.8 

I3I3-5 

4096.0 

7 

8 

.1333 

1187.1 

3874-6 

1228.5 

3947-9 

1270.8 

4022.1 

1314-2 

4097.2 

8 

9 

•1500 

1187.8 

3875.8 

1229.2 

h  3949-2 

1271-5 

4023.4 

1315-0 

4098.5 

9 

10 

.1667 

1188.5 

3877.0 

1229.9 

3950.4 

1272.2 

4024.6 

I3I5.7 

4009.8 

10 

11 

.1833 

1189.2 

3878.2 

1230.6 

3951-6 

1272.9 

4025.8 

1316.5 

4101.1 

11 

12 

.2000 

1 189.8 

3879-5 

1231-3 

3952.9 

1273-6 

4027.1 

1317.2 

4102.3 

12 

13 

.2167 

1190-5 

3880.7 

1232.0 

3954-1 

1274.4 

4028.4 

I3I7-9 

4103.6 

13 

14 

•2333 

1191.2 

3881.9 

1232.7 

3955-3 

1275-1 

4029.6 

1318.6 

4104.8 

14 

IS 

.2500 

1191.9 

3883.1 

1233.4 

3956.6 

1275-8 

4030.8 

I3I9-4 

4106.1 

15 

16 

.2667 

1192.6 

3884.3 

1234-1 

3957-8 

1276.5 

4032.1 

1320.1 

4107-3 

16 

17 

.2833 

"93-3 

3885.6 

1234-8 

3959-o 

1277-3 

4033-4 

1320.8 

4108.6 

17 

18 

.3000 

"93-9 

3886.8 

1235.5 

3960.2 

1278.0 

4034-6 

1321.5 

4109.8 

18 

19 

•3167 

1 194.6 

3888.0 

1236.2 

3901-5 

1278.7 

4035-9 

1322.3 

4111.x 

19 

20 

•3333  1 

"95-3 

3889.2 

1236.9 

3962.7 

1279-4 

4037-1 

1323-0 

4112.4 

20 

21 

•3Soo 

1196.0 

3890.4 

1237.6 

3964-0 

1 280.1 

4038.4 

1323-7 

4II3-7 

21 

22 

.3667 

1196.7 

3891.6 

1238.3 

3965-2 

1280.8 

4039-6 

1324-4 

41 14.9 

22 

33 

•3833 

H97-4 

3892.9 

1239-0 

3966.4 

1281.6 

4040.9 

1325-2 

4116.2 

23 

24 

.4000 ! 

1 198.O 

3894.1 

1239-7 

3967.6 

1282.3 

4042.1 

132S.9 

4117.4 

24 

2S 

.4167 ' 

1198.7 

3895.3 

1240.4 

3968.9 

1283.0 

4043.4. 

1326.7 

41 18.7 

25 

26 

•4333  ; 

1 1 99.4 

3896.5 

1241.1 

3970.I 

1283.7 

4044.6 

1327.4 

41 19.9 

26 

27 

.4500 1 

1 200.1 

3897.7 

1241.8 

3971-3 

1284.5 

404S-9 

1328.2 

4121.2 

27 

28 

.4667  ! 

1200.8 

3898.9 

1242.S 

3972.5 

12S5.2 

4047.1 

1228.9 

4122.4 

28 

29 

.4833 

1201.5 

3900.2 

1243.2 

3973-8 

1285.9 

4048.4 

1329.7 

4123.7 

29 

30 

.5000 

1202. 1 

3901.4 

1243.9 

3975-0 

1286.6 

4049.6 

1330.4 

4125.0 

30 

31 

•5167 

1202.8 

3902.6 

1244.6 

3976.3 

1287.3 

4050.9 

I33I-I 

4126.3 

31 

32 

•5333 

I203.S 

3903-8 

1245-3 

3977-5 

1288.0 

4052.1 

I33I-8 

4127.5 

32 

33 

•5SOO 

1204.2 

3905-0 

1246.0 

3978.8 

1288.8 

4053.4 

1332.6 

4128.7 

33 

34 

.S667 

I204.9 

3906.3 

1246.7 

3980.0 

1289.5 

4054-6 

1333.3 

4130.0 

34 

35 

•5833 

I205.6 

3907-5 

1247.4 

3981.2 

1290.2 

4055.9 

I334.I 

4I3I.5 

35 

36 

.6000 

I206.2 

3908.7 

1248.1 

3982.4 

1290.9 

4057.1 

1334.8 

4132.6 

36 

37 

.6167 

I206.9 

3909.9 

1248.8 

3983.7 

1291.7 

4058.4 

1335-6 

4133.9 

37 

38 

•6333 

I207.6 

39H-2 

1249-5 

3984.9 

1292.4 

4059-6 

1336.3 

4I35.I 

38 

39 

.6500 

I208.3 

3912-4 

1250.2 

3986.1 

1293.1 

4060.9 

I337.I 

4136.4 

39 

40 

.6667 

I209.O 

3913.6 

1250.9 

3987.4 

1293.8 

4062.Z 

1337-8 

4137.7 

40 

41 

.6833 

I209.7 

39H-9 

1251.6 

39S8.7 

1294.6 

4063.4 

1338.5 

4i39.o 

41 

42 

.7000 

I2I0.3 

3916.1 

1252.3 

3989.9 

1295.3 

4064.6 

1339-2 

4140.2 

42 

43 

•7167 

I2II.O 

3917.3 

I253-0 

399I-I 

1296.0 

4065.9 

1340.0 

4I4I-5 

43 

44 

•7333 

I2II.7 

39i8.5 

1253-7 

3992-3 

1296.7 

4067.1 

I340.7 

4142.7 

44 

45 

•7500 

I2I2.4 

3919-8 

1254-4 

3993-6 

1297.5 

4068.4 

I34L5 

4144-0 

4S 

46 

.7667 

1213-1 

392i-o 

I255-I 

3994-8 

1298.2 

4069.6 

1342.2 

4145-3 

46 

47 

•7833 

I2I3.8 

3922.2 

1255-8 

3996.0 

1298.9 

4070.9 

I343-0 

4146.6 

4Z 

48 

.8000 

I2I4.5 

3923-4 

1256.S 

3997-3 

1299.6 

4072.1 

1343-7 

4147.8 

48 

49 

.8167 

I2IS-2 

3924-7 

1257=2 

3998.6 

1300.4 

4073.4 

1344-5 

4I49-I 

49 

SO 

.8333 

I2IS-9 

3925.9 

1257.9 

3999-8 

1301.I 

4074-6 

1345.2 

4150.4 

50 

SI 

.8500 

I2I6.6 

3927.1 

1258.6 

4001.0 

1301.9 

4075-9 

1346.0 

4I5I.7 

51 

52 

.8667 

I2I7.3 

3928.3 

1259.3 

4002.2 

1302.6 

4077.1 

1346.7 

4152.9 

52 

53 

.8833 

I2IS.O 

3929-6 

1260.0 

4003.4 

1303.3 

4078.4 

1347.5 

4154.2 

53 

54 

.9000 

I2I8.7 

3930.8 

1260.7 

4004.7 

1304.0 

4079-6 

1348.2 

4155-4 

54 

55 

.9167 

I2I9.4 

3932.0 

1 261.4 

4006.0 

1304.8 

4080.9 

I349-0 

4156.7 

55 

56 

•9333 

I220.I 

3933-2 

1262.1 

4007.2 

1305.5 

4082.1 

1349-7 

4158.0 

56 

57 

9500 

I2  20.8 

3934-4 

1262.8 

4008.5 

1306.2 

4083.4 

I350.S 

4I59.3 

57 

58 

.9667 

I22I.5 

3935-7 

1263.S 

4009.7 

1306.9 

4084.6 

I35I.2 

4160.5 

5? 

59 

.9833 

1222  2 

3936.9 

1264.3 

4010.9 

1307.7 

4085.9 

1352.0 

4161.8 

59 

876 


SURVEY  DATA 


Use  100'  Chords  up  to  88  Curves        Use  25'  Chords  up  to  32°  Curves 
Use  50'  Chords  up  to  16°  Curves        Use  10'  Chords  above  32°  Curves 

R  «*-   ai  -.3  -.0  _.o  _„0 


8 

a 

OP 

72' 

73° 

74° 

75° 

8 

3 

a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

1352.7 

4163.1 

1398.1 

4240.0 

1444.7 

4317.8 

1492.5 

4396.7 

0 

1 

.0167 

1353-5 

4164.4 

1398.9 

4241.3 

1445-5 

4319-2 

1493-3 

4398.1 

1 

2 

•0333 

1354-2 

4165.6 

1399.6 

4242.6 

1446.2 

4320.5 

1494-1 

4399-4 

2 

3 

.0500 

I355-Q 

4166.9 

1400.4 

4243-9 

1447.0 

4321.8 

1494.9 

4400.8 

3 

4 

•0667 

1355-7 

4168.2 

1401.2 

4245.1 

1447-8 

4323-1 

1495-7 

4402.1 

4 

5 

.0833 

1356.5 

4169.5 

1402.0 

4246.4 

1448.6 

4324-4 

1496.5 

4403.4 

S 

6 

.1000 

1357.2 

4170.7 

1402.7 

4247.7 

1449-4 

4325.7 

1497.3 

4404.7 

6 

7 

.1167 

1358.0 

4172.0 

1403-5 

4249.0 

1450.2 

43=7.o 

1498.2 

4406.1 

7 

8 

•1333 

1358.7 

4173-3 

1404.2 

4250.3 

I45I.O 

4328.3 

1499.0 

4407.4 

8 

9 

•1500 

I3S9-S 

4174.5 

1405-0 

4251.6 

I45I.8 

4329-6 

1499-8 

4408.7 

9 

10 

.1667 

1360.2 

4175-8 

1405.8 

4252.9 

1452.6 

4330.9 

1500.6 

4410.0  1  10 

11 

.1833 

1361.0 

4177.1 

1406.6 

4254.2 

1453-4 

4332.3 

1 501. 4 

4411.4  IX 

12 

.2000 

1361.7 

4178.4 

1407-3 

4255-5 

I454-I 

4333-6 

1502.2 

4412.7  12 

13 

.2167 

1362.5 

4179-7 

1408.1 

4256.8 

1454-9 

4334-9 

1503-0 

4414-0  1 13 

14 

•2333 

1363-2 

4181.0 

1408.8 

4258.1 

1455-7 

4336.2 

1503.8 

4415-3  [14 

IS 

.2500 

1364.0 

4182.3 

1409.6 

4259.4 

1456.5 

4337.5 

1504.6 

4416.6 

15 

16 

.2667 

13647 

4183. s 

1410.4 

4260.7 

1457.3 

4338.8 

1505-4 

4413.0 

16 

17 

.2833 

1365.5 

4184.8 

1411.2 

4262.0 

1458.1 

4340.1 

1506.2 

4419.4 

17 

18 

.3000 

1366.2 

4186.1 

1411.9 

4263.2 

1458.9 

434M 

1507.0 

4420.7 

18 

19 

•3167 

1367-0 

4187.4 

1412.7 

4264.5 

1459-7 

4342.7 

I507.9 

4422.0 

19 

20 

•3333 

1367.7 

4188.6 

I4I3-S 

4265.8 

1460.5 

4344-0 

1508.7 

4423-3 

20 

21 

.3500 

1368.5 

4189.9 

1414-3 

4267.1 

1461.3 

4345-4 

1509.5 

4424-6  21 

22 

.3667 

1369-2 

4191.2 

1415.1 

42C3.4 

1462.0 

4346.7 

1510.3 

4426.0  1  22 

23 

.3833 

1370.0 

4192.5 

I4I5-9 

4269.7 

1462.8 

4348.o 

1511-2 

4427.3 

23 

24 

.4000 

1370.7 

4193-7 

1416.6 

4271.0 

1463-6 

4349-3 

1512.0 

4428.6 

24 

25 

.4167 

I37I.S 

4195.0 

14174 

4272.3 

1464.4 

4350.6 

1512.8 

4430.0 

2S 

26 

•4333 

1372.2 

4196.3 

1418.2 

4273.6 

1465.2 

4351-9 

I5I3.6 

443L3 

26 

27 

.4500 

I373.0 

4197.6 

1419.0 

4274.9 

1466.0 

4353-2 

I5I4.5 

4432.7 

27 

28 

.4667 

1373-7 

4198.8 

1419.7 

4276.2 

1466.8 

4354-5 

I5I5.3 

4434.0 

28 

29 

.4833 

1374-5 

4200.1 

1420.5 

4277.5 

1467.6 

4355-3 

1516.1 

4435-3 

29 

30 

.5000 

1375.2 

4201.4 

1421.3 

4278.8 

1468.4 

4357-1 

1516.9 

4436.6  30 

31 

.5167 

1376.0 

4202.7 

1422. 1 

4280.1 

1469.2 

4358.5 

I5I7.7 

4438.0  )  31 

32 

•5333 

1376.7 

4204.0 

1422.9 

4281.4 

1469.9 

4359-8 

I5I8.5 

4439-3 

32 

33 

•5500 

1377.5 

4205.3 

1423-7 

4282.7 

1470.7 

4361. 1 

I5I9.4 

4440.7 

33 

34 

.5667 

1378.2 

4206.5 

1424.4 

4284.0 

I47I.5 

4362.4 

1520.2 

4442.0 

134 

35 

•5833 

1379-0 

4207.8 

1425.2 

4285.3 

1472.3 

4363.3 

1521.0 

4443-3 

!3S 

36 

.6000 

1379.7 

4209.1 

1426.0 

4286.6 

I473-I 

4365-1 

I52I.8 

4444-6 

36 

37 

.6167 

1380.3 

4210.4 

1426.8 

4287.9 

1473-9 

4366.4 

1522.7 

4446.0 

37 

38 

•6333 

1381.2 

4211.7 

14=7-5 

4289.2 

1474-7 

4367.7 

I523.5 

4447-3 

38 

39 

.6500 

1382.0 

4213-0 

1428.3 

4290.5 

1475.6 

4369.0 

IS24-3 

4448.7 

39 

40 

.6667 

1382.8 

4214.3 

1429.I 

4291.8 

1476.4 

4370.3 

I525-I 

4450.0 

40 

41 

.6833 

1383.6 

4215.6 

1429.9 

4293-1 

1477.2 

437L7 

I525.9 

4451-4 

41 

42 

.7000 

1384.3 

4216.8 

I430.7 

4294.4 

1478.0 

4373-0 

1526.7 

4452.7 

42 

43 

.7167 

1385-1 

4218.1 

I43I.S 

4295-7 

1478.8 

4374-3 

15  =  7.6 

4454-0 

43 

44 

•7333 

1385.8 

4219.4 

1432-2 

4297.0 

1479-6 

4375-6 

1528.4 

4455-3 

44 

45 

•75oo 

1386.6 

4220.7 

I433.0 

4298.3 

1480.4 

4377.0 

1529-2 

4456.7 

45 

46 

.7667 

1387.4 

4222.0 

1433-8 

4299.6 

I481.2 

4378.3 

1530.0 

4458.0 

46 

47 

.7833 

1388.2 

4223.3 

1434-6 

4300.9 

1482.0 

4379-6 

I530.9 

4459-4 

47 

48 

.8000 

1388.9 

4224.5 

1435.3 

4302.2 

1402.8 

4380.9 

I53I-7 

4460.7 

48 

49 

.8167 

1389.7 

4225.8 

1436.1 

4303.5 

1483-6 

4382.2 

1532.5 

4462.1 

49 

SO 

•8333 

1390.4 

4227.1 

I436.9 

4304-8 

1484.4 

4383.5 

1533-3 

4463.4 

SO 

51 

.8500 

I39I-2 

4228.4 

1437-7 

4306.1 

1485.2 

4384.9 

I534-I 

4464.7 

51 

52 

.8667 

1392.0 

4229.7 

1438.5 

4307.4 

1486.0 

4386.2 

1534.9 

4466.0 

52 

53 

•8333 

1392.8 

4231.0 

1439-3 

4308.7 

1486.9 

4387.5 

1535.8 

4467.4 

53 

54 

.0000 

1393-5 

4232.3 

1440.0 

4310.0 

1487.7 

4388.8 

1536.6 

4468.7 

54 

55 

.9167 

1394.3 

4233.6 

1440.8 

43"-3 

1488.5 

4300.2 

1537.4 

4470.I 

55 

56 

•9333 

I395-0 

4234.8 

1441.6 

4312.6 

1489.3 

4391-5 

1538.2 

4471.4 

56 

57 

.9500 

1395-8 

4236.1 

1442.4 

4313-9 

1490.1 

4392.8 

I539.I 

4472.7 

57 

58 

.9667 

1396.6 

4237.4 

I443.I 

4315-2 

1490.9 

4394-1 

1539.9  4474.1 

58 

59 

•9833 

• 

1397.4 

4238.7 

1443.9 

4316.5 

I49I-7 

4395-4 

1540.7  4475-4 

59 

FUNCTIONS  i  DEGREE  CURVE       877 

Use  100'  Chords  up  to  8°  Curves         Use  25'  Chords  up  to  32"  Curves 
Use  so'  Chords  up  to  160  Curves        Use  10'  Chords  above  32°  Curves 


8 
a 

08 

.  >-. 

U  60 

76° 

77° 

78° 

79° 

8 

3 

.s 

0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

i54i-5 

4476.7 

I59I.7 

4557.8 

1643.1 

4640.0 

1696.0 

4723-4 

z 

.0167 

1542.4 

4478.1 

1592.6 

4559-2 

1644.0 

4641.4 

1696.9 

4724.8 

I 

2 

.0333 

1543-2 

4479-4 

1593-4 

4560.5 

1644.8 

4642.8 

1697.7 

4726.2 

2 

3 

.0500 

I544-I 

4480.8 

1594-3 

4561.9 

1645-7 

4644.2 

1698.6 

4727.6 

3 

4 

.0667 

1544-9 

4482.1 

I595-I 

4563.3 

1646.6 

4645-6 

1699.5 

4729.0 

4 

5 

.0833 

1545-7 

4483.5 

1596.0 

4564-7 

1647.5 

4647.0 

1700.4 

4730.4 

S 

6 

.1000 

1546.5 

4484.8 

1596.8 

4566.0 

1648.3 

4648.3 

1701.3 

4731-8 

6 

7 

.1167 

1547-4 

4486.2 

1597.7 

4567.4 

1649.2 

4649.7 

1702.2 

4733-3 

7 

8 

•1333 

1548.2 

4487-5 

1598.5 

4568.7 

1650.1 

4651.1 

1703-1 

4734-7 

8 

9 

.1500 

1 549- 1 

4488.9 

1599-4 

457o.i 

1651.0 

4652.5 

1704.0 

4736.1 

9 

10 

.1667 

1549-9 

4490.2 

1600.2 

4571-5 

1651.8 

4653-9 

1704.9 

4737-5 

10 

11 

.1833 

I55Q-7 

4491.6 

1601.1 

4572.9 

1652.7 

4655-3 

1705-8 

4738.9 

11 

12 

.2000 

I55I-5 

4492.9 

1 601. 9 

4574-2 

1653.6 

4656.7 

1706.6 

4740.3 

13 

13 

.2167 

1552.4 

4494-3 

1602.8 

4575-6 

1654-5 

4658.1 

1707.5 

4741-7 

13 

X4 

•2333 

1553-2 

4495-6 

1603.6 

4576.9 

1655-3 

4659.4 

1708.4 

4743-1 

14 

IS 

.2500 

I554-I 

4497.0 

1604.5 

4578.3 

1656.2 

4660.8 

1709.3 

4744.5 

IS 

16 

.2667 

1554-9 

4498.3 

1605.3 

4579-7 

1657-1 

4662.2 

1710.2 

4745-9 

16 

17 

•2833 

1555-7 

4499-7 

1606.2 

4581.1 

1658.0 

4663.6 

1711.1 

4747-3 

17 

18 

.3000 

1556.5 

4501.0 

1607.0 

4582.4 

1658.8 

4665.0 

1712.0 

4748.7 

18 

19 

.3167 

1557-4 

4502.4 

1607.9 

4583.8 

1659-7 

4666.4 

1712.9 

4750.I 

19 

20 

•3333 

1558.2 

4503.7 

1608.7 

4585.I 

1660.6 

4667.7 

1713.8 

4751-5 

20 

21 

.3500 

I559-I 

4505.0 

1609.6 

4586.5 

1661.5 

4669.1 

1714-7 

4752-9 

21 

22 

.3667 

1559-9 

4506.3 

1610.4 

4587.9 

1662.3 

4670.5 

1715-6 

4754-3 

22 

23 

.3833 

1560.7 

4507.7 

1611.3 

4589.3 

1663.2 

4671.9 

1716.S 

4755-7 

23 

24 

.4000 

1561.5 

4509-0 

1612.1 

4590.6 

1 664. 1 

4673.3 

1717.4 

4757.1 

,24 

25 

.4167 

1562.4 

4510.4 

1613.0 

4592.0 

1665.0 

4674-7 

1718.3 

4758.6 

2S 

26 

•4333 

1563.2 

45II-7 

1613.8 

4593-3 

1665.3 

4676.0 

1719.2 

4760.0 

26 

27 

.4500 

1564.1 

45I3-I 

1614.7 

4594-7 

1666.7 

4677.4 : 

1720.1 

4761.4 

27 

28 

.4667 

1564.9 

4514-4 

1615.5 

4596.0 

1667.6 

4678.8 

1721.0 

4762.8 

28 

29 

•4833 

1565.7 

4515.8 

1616.4 

4597-4 

1668.5 

4680.2 

1721.9 

4764.2 

29 

30 

.5000 

1566.5 

45I7.I 

1617-3 

4598.8 

1669.3 

4681.6 

1722.8 

4765.6 

30 

31 

•5167 

1567.4 

45i8.5 

1618.2 

4600.2 

1670.2 

4683.0 

1723.7 

4767.0 

!3l 

32 

•5333 

1568.2 

4519-8 

1619.0 

4601.5 

1671.1 

4684.4 

1724.6 

4768.4 

32 

33 

•55oo 

1569-1 

4521. 1 

1619.9 

4602.9 

1672.0 

4685.8 

17255 

4769.8 

33 

34 

.5667 

1569.9 

4522-S 

1620.7 

4604.3 

1672.8 

4687.2 

1726.4 

4771.2 

34 

35 

•5833 

I570.7 

4523.9 

1621.6 

4605.7 

1673-7 

4688.6 

1727.3 

4772.7 

35 

36 

.6000 

I57I.5 

4525-3 

1622.4 

4607.0 

1674.6 

4689.9 

1728.2 

4774-1 

36 

37 

.6167 

1572.4 

4526.7 

1623.3 

4608.4 

1675-5 

4691.3 

1729.1 

4775-5 

37 

38 

■6333 

1573-2 

4528.0 

1624.1 

4609.8 

1676.3 

4692.7 

1730.0 

4776.9 

38 

39 

.6500 

1574-0 

4529.4 

1625.0 

4611.2 

1677-3 

4694.1 

1731-0 

4778.3 

39 

40 

.6667 

1574.8 

4530.7 

1625.9 

4612.5 

1678.2 

4695.5 

1731.9 

4779-7 

40 

41 

.6833 

1575-6 

4532.1 

1626.8 

4613.9 

1679-1 

4696.9 

1732.8 

4781. I 

41 

42 

.7000 

1576.4 

4533-4 

1627.6 

46I5-3 

1679-9 

4698.3 

1733-7 

4782.6 

42 

43 

.7167 

1577.3 

4534-8 

1628.5 

4616.7 

1680.8 

4699.7 

1734-6 

4784.0 

43 

44 

•7333 

1578.1 

4536.1 

1629.3 

4618.0 

1681.7 

4701.1 

1735-5 

4785.4 

44 

45 

.7500 

I579-0 

4537-5 

1630.2 

4619.4 

1682.6 

4702.5 

1736.4 

4786.8 

45 

46 

.7667 

1579.8 

4538.8 

1631.0 

4620.8 

1683.5 

4703.9 

1737-3 

4788.2 

46 

47 

.7833 

1580.7 

4540.2 

1631.9 

4622.2 

1684.4 

4705.3 

1738.2 

4789-6 

47 

48 

.8000 

1581.5 

4541-5 

1632.7 

4623.5 

1685.3 

4706.7 

I739-I 

479I.O 

48 

49 

.8167 

1582.4 

4542.9 

1633.6 

4624.9  ' 

1686.2 

4708.1 

1740.0 

4792.5 

49 

SO 

.8333 

1583.2 

4544-2 

1634.5 

4626.3 

1687.1 

4709.5  ! 

1740.9 

4793-9 

50 

Si 

.8500 

1584.1 

4545-6 

1635-4 

4627.7 

16S8.0 

4710.9 

1741.8 

4795-3 

51 

52 

.8667 

1584.9 

4547-0 

1636.2 

4629.0 

1688.8 

4712.2 : 

1742-7 

4796.7 

52 

S3 

.8833 

1585.8 

4548.4 

1637-1 

4630.4 

1689.7 

4713-6 

1743-6 

4798.1 

53 

54 

.9000 

1586.6 

4549-7 

1637.9 

4631.8 

1690.6 

4715-0 

1744-5 

4799-5 

54 

SS 

.9167 

1587.5 

455I-I 

1638.8 

4633-2 

1691.5 

4716.4 

1745-4 

4801.0 

55 

56 

•9333 

1588.3 

4552-4 

1639.6 

4634-5 

1692.4 

4717-8 

1746.3 

4802.4 

56 

57 

.9500 

1589.2 

4553-8 

1640.5 

4635-9 

1693.3 

4719-2 

1747.2 

4803.8 

57 

S8 

.9667 

1590.0 

4555-1 

1641.3 

4637-3 

1694-2 

4720.6 

1748.1 

4805.2 

158 

59 

.9833 

1590.9 

4556.5 

1642.2 

4638.7 

1695.1 

4722.0 

1 749- 1 

4806.6 

I  SO 

878  SURVEY  DATA 

Use  100'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  32"  Curves 
Use  so'  Chords  up  to  160  Curves        Use  10'  Chords  above  320  Curves 


8 

a 

3 

O  4) 
.  *-■ 

V  4> 

8o° 

8i° 

820 

83° 

8 

a 
A 
3 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

.0000 

1750.0 

4808.0 

1805.5 

4893.9 

1862.3 

4981.0 

1920.6 

5069.4 

0 

1 

.0167 

I750-9 

4809.5 

1806.4 

4895.4 

1863.3 

4982.5 

1921.6 

5070.9 

1 

2 

•0333 

I75I-8 

4810.9 

1807.3 

4896.8 

1864.2 

4983.9 

1922.6 

5072.4 

2 

3 

.0500 

1752.8 

4812.3 

1808.3 

4898.3 

1865.2 

4985.4 

1923-6 

5073.9 

3 

4 

.0667 

1753-7 

4813-7 

1809.2 

4899.7 

1866.1 

4986.8 

1924.6 

5075-4 

4 

s 

.0833 

1754-6 

4815.2 

1810.2 

4901.2 

1867.1 

4988.3 

1925.6 

5076.9 

5 

6 

.1000 

1755-5 

4816.6 

1811.1 

4902.6 

1868.1 

4989-8 

1926.5 

5078.4 

6 

7 

.1167 

1756.5 

4818.0 

1812.1 

4904.0 

1869.1 

499L3 

1927.5 

5079-9 

7 

8 

•1333 

1757-4 

4819.4 

1813.0 

4905.4 

1870.0 

4992.7 

1928.5 

5081.4 

8 

9 

.1500 

1758.3 

4820.9 

1814.0 

4906.9 

1871.0 

4994-2 

1929.5 

5082.9 

9 

10 

.1667 

1759-2 

4822.3 

1814.9 

4908.3 

1871.9 

4995-7 

1930.5 

5084.4 

10 

11 

.1833 

1 760. 1 

4823.7 

1815.9 

4909.8 

1872.9 

4997-2 

I93I-5 

5085.9 

it 

12 

.2000 

1761.0 

4825.1 

1816.8 

4911.2 

1873.9 

4998.6 

1932.4 

5087.3 

12 

13 

.2167 

1762.0 

4826.6 

1817.7 

4912.7 

iC74-9 

5000.1 

1933-4 

5088.8 

13 

14 

•2333 

1762.9 

4828.0 

1818.6 

4914-1 

1875.8 

5001 .5 

1934-4 

5000.3 

14 

IS 

.2500 

1763.8 

4829.4 

1819.6 

4915.5 

1876.8 

5003.0 

1935-4 

5091-8 

i| 

16 

.2667 

1764.7 

4830.8 

1820.5 

4917.0 

1877.7 

5004.5 

1  1936.4 

5093.3 

16 

17 

.2833 

I765-7 

4832.3 

1821.5 

4918.5 

1878.7 

5006.0 

1937.4 

5094.8 

17 

18 

.3000 

1766.6 

4833-7 

1822.4 

4919-9 

1879.7 

5007.4 

1938.4 

5096.3 

18 

19 

.3167 

1767.5 

4835-1 

1823.3 

4921.4 

1880.7 

5008.9 

i  1939.4 

5097.8 

19 

20 

•3333 

1768.4 

4836.S 

1824.2 

4922.8 

1881.6 

5010.3 

1940.4 

5009.3 

20 

21 

.35oo 

1769.3 

4838.0 

1825.2 

4924.3 

1882.6 

5011.8 

|  I94I-4 

5100.8 

21 

22 

.3667- 

1770.2 

4S39.4 

1S26.1 

49-5-7 

1883.5 

5oi3.3 

1942.4 

5102.3 

22 

23 

•3833 

1771.2 

4840.8 

1827.1 

49-7-2 

1884.5 

5014.8 

1943-4 

5103.8 

23 

24 

.4000 

1772. 1 

4842.2 

1828.0 

4928.6 

1885.5 

5016.2 

1944-4 

5105.2 

24 

25 

.4167 

i773-o 

4843.7 

1829.0 

4Q30I 

1886.5 

5017.7 

I94S-4 

5106.7 

25 

26 

•4333 

1773-9 

4845-1 

1829.9 

493L5 

1887.4 

5019-2 

1946.4 

5108.2 

26 

27 

.4500 

1774-9 

4346.5 

1830.9 

4933-0 

1S88.4 

5020.7 

1947-4 

5109.7 

27 

28 

.4667 

1775-8 

48479 

1831.8 

4934-4 

1889.3 

5022.1 

1948.4 

5111.2 

28 

29 

.4833 

1776.7 

4849-4 

1832.8 

4935-8 

1890.3 

5023.6 

19494 

5112.7 

29 

30 

.5000 

1777-6 

4850.8 

1833-7 

4937-2 

1891.3 

5025.0 

,  I950.4 

5"4-3 

30 

31 

•5167 

1778.5 

4852.3 

1834-7 

4938.7 

1S92.3 

5026.5 

195 1. 4 

5"5-7 

3i 

32 

•5333 

1779-4 

4853-7 

1835.6 

4940.2 

1893.2 

5028.0 

1952.4 

5117.2 

32 

S3 

•55oo 

1780.4 

4855.1 

1836.6 

4941-7 

1894.2 

5029.5 

1953-4 

5118.7 

33 

34 

.5667 

1781.3 

4856.5 

1837.5 

4943-1 

1895.1 

5031.0 

1954-4 

5120.2 

34 

35 

.5833 

1782.2 

4858.0 

1838.5 

4944-6 

1896.1 

5032.5 

1955-4 

5121.7 

35 

36 

.6000 

1783.1 

4859.4 

1839.4 

4946.0 

1S97.1 

5033-9 

1956.4 

5123.2 

36 

37 

.6167 

1784.1 

4860.9 

1840.4 

4947-5 

1898.1 

5035-4 

1957-4 

5124.7 

37 

38 

.6333 

1785.0 

4862.3 

1841.3 

4943.9 

1899.0 

5036.9 

1958.4 

5126.2 

38 

39 

.6500 

1785.9 

4863.7 

1842.3 

4950.4 

1900.0 

5038.4 

1959-4 

5127.7 

39 

40 

.6667 

1786.8 

4865.1 

1843.2 

4951.8 

1 901.0 

5039-8 

1960.4 

5129.2 

40 

41 

.6833 

1787.7 

4866.6 

1844.2 

4953-3 

1902.0 

5041.3 

1961.4 

5130.7 

41 

42 

.7000 

1788.6 

4868.0 

1845-1 

4954-7 

1902.9 

5042.8 

1962.4 

5132.2 

43 

43 

.7167 

1789.6 

4869.5 

1846.I 

4956.2 

1903.9 

5044.3 

1963.4 

5133-7 

43 

44 

•7333 

I790-5 

4870.9 

1847.0 

4957-6 

1904.9 

5045.8 

1964.4 

5135-2 

44 

45 

.7500 

I79I-5 

4872.4 

1848.0 

4959-1 

1905.9 

5047.3 

1965.4 

5136.7 

45 

46 

•7667 

1792.4 

4873-8 

1848.9 

4960.6 

1906.9 

5048.7 

1966.4 

5138.2 

46 

47 

.7833 

1793-4 

4875-2 

1849.9 

4962.1 

1907.9 

5050.2 

1967.4 

5139-7 

3 

48 

.8000 

1794.3 

4876.6 

1850.8 

4963-5 

1908.8 

5051.7 

196S.4 

5141.2 

49 

.8167 

1795-3 

4878.1 

1851.8 

4965.0 

1909.8 

5053-2 

1969.4 

5142.8 

49 

5o 

.8333 

1796.2 

4879-5 

1852.7 

4966.4 

1910.8 

5054-6 

1970.4 

5144-3 

50 

51 

.8500 

1797- 1 

4880.9 

1853.7 

4967.9 

1911.8 

5056.1 

1971-4 

5145-8 

51 

52 

.8667 

1798.0 

4882.4 

1854.6 

4969-3 

1912.8 

5057-6 

1972.4 

5147.3 

52 

53 

.8833 

1799.0 

4883.9 

1855.6 

4970.8 

19138 

5059-1 

1973-4 

5148.8 

53 

54 

.9000 

1709.9 

4885.3 

1856.5 

4972-2 

1914.7 

5060.6 

1974.4 

5150.3 

54 

55 

•9167 

1800.9 

4886.7 

I857.S 

4973-7 

I9IS.7 

5062.1 

1975-4 

5I5I.8 

55 

56 

•9333 

1801.8 

4888.1 

1858.4 

4975-1 

1916.7 

5063. s 

1976.4 

5153.3 

56 

57 

.9500 

1802.8 

4889.6 

1859.4 

4976.6 

I9I7.7 

5065.0 

1977-4 

5154-8 

57 

58 

.9667 

1803.7 

4891.0 

1860.3 

4978.0 

1918.7 

5066.5  | 

1978.4 

5156.3  158  \ 

59 

.9833 

1804.6 

4892.5 

1861.3 

4979-5 

I9I9.7 

5068.0  J 

1979-4 

5157-8  j  59 

FUNCTIONS  i  DEGREE  CURVE       879 

Use  100'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  32°  Curves 
Use  50'  Chords  up  to  16°  Curves        Use  io'  Chords  above  32°  Curves 

§      *S  J}  84°  85°  86°  87°  I  $ 

-1  .   u  n 


8 

3 

a 

O  V 

84°           85° 

86° 

87° 

8 

*- 
9 
.9 

u  bo 

QQ 

j  Ext. 

Tan. 

Ext. 

Tan.   Ext. 

Tan. 

Ext, 

Tan. 

0 

.0000 

1980.5 

5159-3 

2041.8 

5250.6  2104.8 

5343-3 

2169.5 

5437-5 

0 

1 

.0167 

1981.5 

5160.8 

|  2042.9 

5252.1 

2105.9 

5344-9 

2170.6 

5439-1 

X 

2 

•0333 

1982.5 

5162.3 

2043.9 

5253-6 

2106.9 

5346.4 

2171.6 

5440.7 

2 

3 

.0500 

1983.5 

5163.8 

2045.0 

5255.2 

2108.0 

5348.0 

2172.7 

5442.3 

3 

4 

.0667 

1984.5 

5165.3 

2046.0 

5256.7 

2109.1 

5349-5 

2173-8 

5443-9 

4 

5 

•0833 

19856 

5166.9 

2047.0 

5258.3 

2110.x 

535I.I 

2174.9 

5445-5 

5 

6 

.1000 

1986.6 

5168.4 

j  2048.0 

5259.8 

2111.2 

5352.7 

2176.0 

5447-1 

6 

7 

.1167 

1987.6 

5169.9 

2049.1 

5261.4 

2112.3 

5354-3 

2177. 1 

5448.7 

7 

8 

•1333 

1988.6 

5171.4 

2050.1 

5262.9 

2H3-4 

5355-8 

2178.2 

5450.3 

8 

9 

.1500 

1989.6 

5172.9 

2051.2 

5264.5  [2x14.5 

5357.4 

2179.3 

5451-9 

9 

10 

.1667 

1990.6 

5174.4 

2052.2 

5266.0 

2H5.5 

5358.9 

2180.4 

5453-4 

10 

tz 

.1833 

I99I-7 

5175.9 

2053.2 

5267.5 

2116.6 

5360.5 

2181.5 

5455-Q 

11 

12 

.2000 

1992.7 

5177.5 

2054.2 

5269.0 

2117.6 

5362.0 

21S2.5 

5456.6 

12 

13 

.2167 

1993-7 

5179.0 

2055-3 

5270.6 

2118.7 

5363.6 

2183.6 

5458.2 

13 

14 

•2333 

1994.7 

5180.5 

2056.3 

5272.1 

2119.3 

5365.2 

2184.7 

5459-8 

14 

IS 

.2500 

1995-7 

5182.0 

2057.4 

5273.7 

2120.9 

5366.8 

2185.8 

5461.4 

15 

16 

.2667 

1996.7 

5183.5 

2058.4 

5275-2 

2121.9 

5368.3 

2186.9 

5463-0 

16 

17 

.2833 

1997.8 

5185.0 

2059.5 

5276.8 

2123.0 

5369-9 

2188.0 

5464-6 

17 

18 

.3000 

1998.8 

5186.6 

!  2060.5 

5278.3 

2124.1 

5371.4 

!  2189.1 

5466.2 

18 

19 

.3167 

1999.8 

5188.0 

l  2061.6 

5279.9 

,  2125.2 

5373-Q 

j  2190.2 

5467.8 

19 

20 

•3333 

2000.8 

5189.6 

I  2062.6 

5281.4 

'  2126.2 

5374-6 

1  2191.3 

5469.4 

20 

21 

.3500 

2001.8 

5191.0 

2063.7 

5282.9  1  2127.3 

5376.2 

2192.4 

547I.O 

21 

22 

.3667 

2002.8 

5192.6 

2064.7 

5284.4 

2128.3 

5377-7 

2193-5 

5472.5 

22 

23 

.3833 

2003.9 

5194-0 

2065.8 

5286.0  - 

2129.4 

5379-3 

2194.6 

5474-1 

23 

24 

.4000 

2004.9 

5195-6 

:  2066.8 

S287.5 

2130.5 

5380.8 

2195-7 

5475-7 

24 

25 

.4167 

2005.9 

5197.2 

2067.9 

5289.1 

2131.6 

5382.4 

2196.8 

5477-3 

25 

26 

•4333 

2006.9 

5198.7 

2068.9 

5290.6 

2132.6 

5383.9 

2197.9 

5478.9 

26 

27 

•4500 

2007.9 

5200.2 

2070.0 

5292.2 

2133-7 

5385.5 

2199.0 

5480.5 

27 

28 

.4667 

2008.9 

5201.7 

2071.0 

5293.7 

2134.8 

5387.1 

2200.1 

5482.1 

28 

29 

.4833 

2010.0 

5203.2 

2072.1 

5295.2 

2X35-9 

5388.7 

220X.2 

5483.7 

29 

30 

.5000 

201 1. 0 

5204.7 

2073.1 

5296.7 

2136.9 

5390.2 

2202.3 

5485.3 

30 

31 

•5167 

2012.0 

5206.3 

2074.2 

5298.3 

2138.0 

5391.8 

2203.4 

5486.9 

3i 

32 

•5333 

2013.0 

5207.8 

2075.2 

5299.8 

2139-0 

5393-4 

2204.5 

5488.5 

32 

33 

•5500 

2014.0 

5209.3 

2076.3 

5301.4 

2140.1 

5395-0 

2205.6 

5490.I 

33 

34 

.5667 

2015.0 

5210.8 

2077.3 

5302.9 

2141.2 

5396.5 

2206.8 

549L7 

34 

35 

.5833 

2016.0 

5212.4 

2078.4 

5304.5 

2142.3 

5398.1 

2207.9 

5493-3 

35 

36 

.6000 

2017.0 

5213-9 

2079.4 

5306.1 

2143.3 

5399-7 

2209.0 

5494-9 

36 

37 

.6167 

2018.0 

5215-4 

2080.5 

5307.7 

2144.4 

540I-3 

2210.1 

5496.5 

37 

38 

•6333 

2019.1 

5216.9 

2081.5 

5309.2 

2145-5 

5402.8 

2211.2 

5498.1 

38 

39 

.6500 

2020.1 

5218.4 

2082.6 

5310.8 

2146.6 

5404.4 

2212.3 

5499-7 

39 

40 

.6667 

2021.2 

5220.0 

2083.7 

5312.3 

2147.7 

5406.0 

2213.4 

5501.3 

40 

41 

.6833 

2022.2 

5221.6 

2084.8 

5313-9 

2148.8 

5407.6 

2214.5 

5502.9 

41 

42 

.7000 

2023.2 

5223.1 

2085.8 

5315.4 

2149.8 

5409.1 

2215.6 

5504.5 

42 

43 

.7167 

2024.3 

5224.6 

2086.9 

53i7.o 

2150.9 

54io.7 

2216.7 

55o6.i 

43 

44 

•7333 

2025.3 

5226.1 

2087.9 

5318.5 

2152.0 

5412.3 

2217.8 

5S07-7 

44 

45 

•7500 

2026.4 

5227.7 

2089.0 

5320.1 

2I53-I 

5413-9 

2218.9 

5509.3 

45 

46 

.7667 

2027.4 

5229.2 

2090.0 

5321.6 

2154.2 

5415.4 

2220.0 

5510.9 

46 

47 

.7833 

2028.4 

5230.7 

2091. 1 

5323.2 

2155-3 

54i7.o 

2221.2 

5512.5 

47 

48 

.8000 

2029.4 

5232.2. 

2092.1 

5324.7 

2156.4 

5418.6 

2222.3 

5514-1 

48 

49 

.8167 

2030.5 

5233.8 

2093.2 

5326.3 

2157-5 

5420.2 

2223.4 

55X5-7 

49 

So 

•8333 

2031.5 

5235.3 

2094.2 

5327.8 

2158.6 

5421.8 

2224.5 

5SI7.3 

50 

51 

.8500 

2032.6 

5236.8 

2095-3 

5329-4 

2159.7 

5423-4 

2225.6 

5518.9 

Si 

52 

.8667 

2033.6 

5238.3 

2096.3 

5330.9 

2160.7 

5424-9 

2226.7 

5520.5  ! 

52 

53 

•8833 

2034.6 

5239-9 

2097.4 

5332.5 

2161.8 

5426.5 

2227.9 

5522.1 

S3 

54 

.9000 

2035.6 

5241-4 

2098.4 

5334-0 

2162.9 

5428.1 

2228.9 

5523.7 

54 

55 

.9167 

2036.7 

5243-0 

2099.5 

5335-6 

2164.0 

5429.7 

2230.0 

5525.3 

55 

56 

•9333 

2037.7 

5244.5 

2100.6 

5337-1 

2165. 1 

5431.2 

2231. 1 

5526.9 

56 

57 

.9500 

2038.7 

5246.0 

2101.7 

5338.7 

2166.2 

5432-8 

2232.2 

5523.5 

57 

58 

.9667 

2039.8 

5247.5 

2102.7 

5340.2 

2167.3 

5434-4  2233.3 

5530-I 

58 

59 

•9833 

2040.8 

5249-1 

2103.8 

5341.8 

2168.4 

5436.0^  2234.5 

5531-7 

59 

880             SURVEY  DATA 

Use  zoo'  Chords  up  to  8°  Curves   Use  25'  Chords  up  to  320  Curves 

Use  so'  Chords  up  to  160  Curves   Use  10'  Chords  above  320  Curves 

6 

*•> 

3 
C 

0 

O  V 

•   1* 

0  to 

88° 

890          90° 

91° 

3 

c 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

.0000 

2235.6 

5533-3 

2303.6 

5630.8 

2373-4 

5730.0 

2445-1 

5830.9 

0 

I 

.0167 

2236.7 

5535-0 

2304-7 

5632.5 

2374.6 

5731.7 

2446.3 

5832.6 

1 

2 

•0333 

2237.8 

5536.6 

2305.6 

5634-1 

2375-8 

5733-3 

2447-5 

5834.3 

2 

3 

.0500 

2238.9 

5538.2 

2307.2 

5635-8 

2377.0 

5735-Q 

2448.8 

5836.0 

3 

4 

.0667 

2240,1 

5539-8 

2308.1 

5637-4 

2378.2 

5736.7 

2450.0 

5837.7 

4 

5 

•0833 

2241.2 

5541.5 

2309.4 

5639-1 

2379-4 

5738.4 

2451.2 

5839.4 

5 

6 

.1000 

2242.3 

5543-1 

2310.5 

5640.7 

2380.5 

5740.0 

2452.4 

5841. 1 

6 

7 

.1167 

2243-5 

5544-7 

2311.6 

5642.4 

2381.7 

5741-7 

2453-6 

5842.8 

7 

8 

•1333 

2244.6 

5546.3 

2312.8 

5644-0 

2382.9 

5743-4 

2454-8 

5844-5 

8 

9 

.1500 

2245.7 

5547-9 

2314.0 

5645-7 

2384.1 

5745-1 

2456.0 

5846.2 

9 

10 

.1667 

2246.8 

5549-5 

2315-1 

5647.3 

2385-3 

5746.7 

2457-2 

5847-9 

10 

IX 

•1833 

2248.0 

5551-2 

2316.3 

5649.0 

2386.4 

5748.4 

2458.5 

5849.6 

'  IX 

12 

.2000 

2249.1 

5552.8 

2317-4 

5650.6 

2387.6 

5750.0 

2459-7 

5851.3  !l2 

13 

.2167 

2250.2 

5554-4 

2318.6 

5652.3 

2388.8 

5751-7 

2460.9 

5853-0 

13 

H 

•2333 

2251.3 

5556.0 

2319.7 

5653-9 

2390.0 

5753-4 

2462.1 

5854.7 

|m 

IS 

.2500 

2252.5 

5557-6 

2320.9 

5655.5 

2391.2 

5755-1 

24633 

5856.4 

15 

16 

.2667 

2253.6 

5559-2 

2322.0 

5657-1 

2392.4 

5756.7 

2464-5 

5858.1 

16 

17 

•2833 

2254-7 

5560.9 

2323.2 

5658.8 

2393-5 

5758.4 

2465.8 

5859.8 

17 

18 

.3000 

2255-8 

5562.5 

2324-3 

5660.4 

2394-7 

5760.1 

2467.0 

5861.5 

18 

19 

•3167 

2257.0 

5564.I 

2325.6 

5662.1 

2395-9 

5761.8 

2468.2 

5863.2 

19 

20 

.3333 

2258.1 

5565.7 

2326.7 

5663.7 

2397.1 

5763.4 

2469.4 

5864.9 

20 

21 

•3500 

2259-3 

5567.3 

2327.9 

5665.4 

2398.3 

5765-I 

2470.6 

5866.6 

21 

22 

.3667 

2260.4 

5568.9 

2329.0 

5667.0 

2399-5 

5766.8 

2471.9 

5868.3 

1 22 

23 

.3833 

2261.5 

5570.6 

2330.1 

5668.7 

2400.7 

5768.5 

2473-1 

5870.1 

23 

24 

.4000 

2262.7 

5572.2 

2331-3 

5670.3 

2401.9 

5770.I 

2474.3 

5871.8 

24 

25 

.4167 

2263.8 

5573-8 

2332.5 

5672.0 

2403.1 

5771-8 

2475-5 

5873-5 

25 

26 

.4333 

2264.9 

5575-4 

2333-7 

5673-6 

2404.3 

5773-5 

2476.7 

5875-2 

26 

27 

.4500 

2266.0 

5577-0 

2334-8 

5675-3 

2405-5 

5775-2 

2478.0 

5876.9 

27 

28 

.4667 

2267.2 

5578.6 

2336.0 

5676.9 

2406.6 

5776.9 

2479.2 

5878.6 

28 

29 

.4833 

2268.4 

5580.3 

2337.1 

5678.6 

2407.8 

5778.6 

2480.4 

5880.3 

29 

30 

.5000 

2269.5 

5581.9 

2338.3 

5680.2 

2409.0 

5780.2 

2481.6 

5882.0 

30 

31 

•5167 

2270.6 

5533.5 

2339.5 

5681.9 

2410.2 

5781.9 

2482.9 

5883.7 

31 

32 

•5333 

2271.7 

558S.I 

2340.7 

56S3.5 

2411.4 

5783.6 

2484.1 

5885.4 

32 

33 

•  5500 

2272.8 

5536.8 

2341-9 

5685.2 

2412.6 

5785.3 

2485-3 

5887.2 

'33 

34 

.5667 

2273.9 

5588.4 

2343-0 

5686.8 

2413-8 

5787.0 

2486.5 

5888.9 

34 

35 

.5833 

2275.1 

5  59°- 1 

2344-1 

5688.5 

2415-0 

5788.7 

2487.8 

5890.6 

35 

36 

.6000 

2276.2 

5591-7 

2345.3 

5690.2 

2416.2 

579o.3 

2489.0 

5892.3 

36 

37 

.6167 

2277.3 

5593-3 

2346.5 

5691.9 

2417.4 

5792.0 

2490.3 

5894-0 

37 

38 

•6333 

2278.5 

5594-9 

2347.7 

5693-5 

2418.6 

5793-7 

2491-5 

5895-7 

38 

39 

.6500 

2279.7 

5596.6 

2348.9 

5695.2 

2419.8 

5795-4 

2492.7 

5897.5 

39 

40 

.6667 

2280.8 

5598.2 

2350.0 

5696.8 

2421.0 

5797-1 

2493-9 

58992 

40 

41 

.6833 

2281.9 

S'99-8 

2351.2 

5698.5 

2422.2 

5798.8 

2495.2 

5900.9 

41 

42 

.7000 

2283.0 

5601.4 

2352.3 

5700.1 

2423.4 

5800.4 

2496.4 

5902.6 

42 

43 

.7167 

2284.1 

5603.1 

2353-5 

5701.8 

2424.6 

5802.1 

2497.7 

5004.3 

43 

44 

•7333 

2285.3 

5604.7 

2354-7 

5703.4 

2425.8 

5803.8 

2498.9 

5906.0 

44 

45 

.7500 

2286.5 

5606.4 

2355-8 

5705-I 

2427.0 

5805.5 

2500.1 

5907-7 

4I 

46 

.7667 

2287.6 

5608.0 

2357.o 

5706.8 

2428.2 

5807.2 

2501.3 

5909.4 

46 

47 

•7833 

2288.7 

5609.6 

2358.1 

5708.5 

2429.4 

5808.9 

2502.6 

5911.2 

47 

48 

.8000 

2289.9 

5611.2 

2359-3 

5710.1 

2430.6 

5810.6 

2503.8 

5912.9 

48 

49 

.8167 

2291. 1 

5612.9 

2360.5 

57".8 

2431-8 

5812.3 

2505.1 

59146 

49 

5o 

•8333 

2292.2 

5614.5 

2361.7 

5713-4 

2433.0 

5814.0 

2506.3 

5916.3 

SO 

51 

.8500 

2293.3 

5616.2 

2362.9 

57I5-I 

2434.2 

5815.7 

2507-5 

5918.1 

51 

52 

.8667 

2294.4 

5617.8 

2364.0 

5716.7 

2435.4 

58i7.3 

2508.7 

5919.8 

52 

53 

.8833 

2295.6 

5619.4 

2365.1 

57i8.4 

2436.6 

5819-0 

2510.0 

5921.5 

53 

54 

.9000 

2296.7 

5621.0 

2366.3 

5720.0 

2437-9 

5820.7 

2511.2 

5923-2  j54 

55 

.9167 

2297.9 

5622.7 

2367.5 

5721.7 

2439-1 

5822.4 

2512.5 

5925-0  155 

56 

•9333 

2299.0 

5624.3 

2368.7 

5723.4 

2440.3 

5824.1 

2513-7 

5926.7  I56 

57 

.9500 

2300.2 

5625.9 

2369.9 

5725-1 

2441-5 

5825.8 

25i5-o 

5928.4  |  57 

58 

.9667 

2301.3 

5627.5 

2371.O 

5726.7 

2442.7 

5827.5 

2516.2 

5930.I  1  58 

59 

.9833 

2302.4 

5629.2 

2372-2 

5728.4 

2443-9 

5829.2 

2517-5 

5931.9  J  59 

FUNCTIONS  i  DEGREE  CURVE 


881 


Use  so'  Chords  up  to  16 

0  Curves,   Use  10'  Chords  above  32 ° 

Curves 

V 

O 

3 

a 

A 

o 

0  0 
•  >-■ 

6  V 

92° 

03° 

94°     | 

95° 

in 

V 

3 

a 

3 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

.0000 

2518.7 

5933-6 

2594-2 

6038.2 

2671.8 

1 
6144-7  i 

2751-5 

6253.2 

0 

z 

.0167 

2520.0 

5935-3  | 

2595-5 

6040.0 

2673.1 

6146.5  1 

2752.9 

6255.1 

X 

2 

•0333 

2521.2 

5937-0  | 

2596.8 

6041.7 

2674-4 

6148.3 

2754-2 

6256.9 

2 

3 

.0500 

2522.4 

5938.8  ; 

2598.1 

6043.5 

2675.7 

6150.1 

2755-6 

6258.7 

3 

4 

.0667 

2523.6 

5940.5 

2599-3 

6045.2 

2677.0 

6151.9 

2756.9 

6260.5 

4 

5 

•0833 

25249 

5942-3  ! 

2600.6 

6047.0 

2678.4 

6153.7 

2758.3 

6262.4 

5 

6 

.1000 

2526.1 

5944-0 

2601.9 

6048.7 

2679.7 

6155-4 

2759.6 

6264.2 

6 

7 

.1167 

2527-4 

5945-7  1 

2603.2 

6050.5 

2681.0 

6157.2 

2761.0 

6266.0 

7 

8 

•1333 

2528.6 

5947-4  ! 

2604.4 

6052.2 

2682.3 

6159.0 

2762.3 

6267.8 

8 

9 

.1500 

2529-9 

5949-2  j 

2605.7 

6054.0 

2683.6 

6160.8 

2763.7 

6269.7 

9 

IO 

.1667 

2531-1 

5950.9 ; 

2607.0 

6055-8 

2684.9 

6162.6 

2765.0 

6271.5 

10 

ii 

•1833 

2532.4 

5952-7  ! 

2603.3 

6057.5 

2686.3 

6164.4 ! 

2766.4 

6273-4 

11 

12 

.2000 

2533-6 

5954-4 ! 

2609.6 

6059-3 

2687.6 

6166.2 

2767.7 

6275-2 

12 

13 

.2167 

2534-9 

5956.1  ; 

2610.9 

6061. 1 

2688.9 

6168.0 

2769.1 

6277.0 

13 

14 

•2333 

2536.1 

5957-8 

2612.1 

6062.8 

2690.2 

6169.8 

2770.4 

6278.8 

14 

IS 

.2500 

2537-4 

5959-6 

2613.4 

6064.6 

2691.5 

6171.6 

2771.8 

6280.7 

«| 

16 

.2667 

2538.6 

5961.3 

2614.7 

6066.4 

2692.8 

6173-4 

2773-1 

6282.5 

16 

17 

•2833 

2539-9 

5963-I 

2616.0 

6o63.2 

2694.2 

6175.2 

2774-5 

6284.4 

i  17 

18 

.3000 

2541. 1 

5964-8 

2617.3 

6069.9 

2695.6 

6177.0 

2775-8 

6286.2 

ji8 

19 

.3167 

2542.4 

5966.5 

2618.6 

6071.7 

2696.9 

6178.8 

2777.2 

6288.0 

19 

20 

•3333 

2543-6 

5968.2 

2619.8 

6073.4 

2698.1 

6180.6 

2778.5 

6289.8 

20 

21 

•35oo 

2544-9 

5970.0 

2621. 1 

6075.2 

2699.5 

6182.4 

2779-9 

6291.7 

21 

22 

.3667 

2546.1 

5071-7 

2622.4 

6077.0 

2700.8 

6184.2 

2781.2 

6293.5 

22 

23 

•3833 

2547-4 

5973-5 

2623.7 

6078.8 

2702.1 

6186.0 

2782.6 

6295.4 

23 

24 

.4000 

2548.6 

5975-2 

2625.0 

6080.5 

2703.4 

6187.8 

2784.O 

6297.2 

24 

25 

.4167 

2549-9 

5977-Q 

2626.3 

6082.3 

2704.8 

6189.7 

2785.4 

6299.1 

25 

26 

•4333 

2551.2 

5978.7 

2627.6 

6084.1 

2706.1 

6191.5 

2786.7 

6300.9 

|26 

27 

.4500 

2552.5 

5980.5 

2628.9 

6085.9 

2707.4 

6193-3 

2788.1 

6302.7 

127 

28 

.4667 

2553-7 

5982.2 

2630.2 

6087.6 

2708.7 

6195-1 

2789-4 

6304.6 

28 

29 

•4833 

2555-0 

S983.9 

2631.5 

6089.4 

2710.1 

6196.9 

2790.8 

6306.4 

29 

3° 

.5000 

2556.2 

5985.6 

2632.7 

6091.2 

2711-4 

6198.7 

2792.1 

6308.2 

'30 

31 

•5167 

2557-5 

5987.4 

2634.0 

6093.0 

2712.7 

6200.5 

2793-5 

6310.1 

3* 

32 

•5333 

2558.7 

5989.1 

26:5.3 

6094.7 

;  2714.0 

6202.3 

2794-9 

631 1-9 

32 

33 

•550O 

2560.0 

5990.9 

2636.6 

6096.5  J!  2715.4 

6204.1 

2796.3 

6313-8 

33 

34 

.5667 

2561.2 

5992.6 

2637.9 

6098.3  ii  2716.7 

6205.9 

2797.6 

6315.6 

34 

35 

•5833 

2562.5 

5994-4 

2639.2 

6100. 1  1  2718.0 

6207.7 

2799.O 

6317.5 

35 

36 

.6000 

2563.8 

5996.1 

2640.5 

6101.8 

i  2719-3 

6209.5 

2800.3 

63193 

36 

37 

.6167 

2565-1 

5997-9 

2641.8 

6103.6 

-  2720.7 

6211.4 

2801.7 

6321.2 

37 

38 

•6333 

2566.3 

5999-6 

2643.1 

6105.4 

2722.0 

6213.2 

2803.I 

6323.0 

33 

39 

.6500 

2567.6 

6001.4 

2644.4 

6107.2 

2723.4 

6215.0 

2804.5 

6324.9 

39 

40 

.6667 

2568.8 

6003.1 

2645.7 

6109.0 

2724.7 

6216.8 

2805.8 

6326.7 

40 

41 

.6833 

2570.1 

6004.9 

2647.0 

6110.8 

2726.0 

6218.6 

2807.2 

6328.6 

41 

42 

.7000 

2571-3 

6006.6 

2648.3 

6112.5 

2727.3 

6220.4 

2808.6 

6330.4 

42 

43 

.7167 

2572.6 

6008.4 

2649.6 

6114.3 

2728.7 

6222.3 

2810.0 

6332.3 

43 

44 

•7333 

2573-9 

6010.1 

2650.9 

6116.1 

2730.0 

6224.1 

2811.3 

6334-1 

44 

45 

.7500 

2575-2 

601 1. 9 

2652.2 

6117.9 

2731.4 

6225.9 

2812.7 

6336.0 

45 

46 

.7667  2576.4 

6013.6 

2653-5 

6119.7 

2732.7 

6227.7 

2814.I 

6337.8 

46 

47 

.7833 

2577-7 

6015.4 

2654.8 

6121.5 

2734-1 

6229.5  2815.5 

6339-7 

47 

48 

.8000 

2578.9 

6017.1 

2656.1 

6123.2 

2735-4 

6231.3 

2816.8 

6341.5 

48 

49 

.8167 

2580.2 

6018.9 

2657.4 

6125.0 

2736.7 

6233.2 

2818.2 

6343.4 

49 

50 

•8333 

2581.5 

6020.6 

2658.7 

6126.8 

2738.0 

6235.0 

2819.6 

6345-2 

SO 

51 

.8500 

25S2.8 

6022.4 

2660.0 

6128.6 

2739-4 

6236.8 

2S21.0 

6347-1 

SI 

52 

.8667 

2584.0 

6024.1 

2661.3 

6130.4 

2740.7 

6238.6 

2822.3 

6349.0 

52 

53 

.8833 

25S5.3 

6025.9 

2662.6 

6132.2 

2742.1 

6240.5 

2823.7 

6350.9 

53 

54 

.QOOO 

2586.6 

6027.6 

2663.9 

6133.9 

2743-4 

6242.3 

2825.I 

6352.7 

54 

55 

.9167 

2587-9 

6029.4 

2665.3 

6135-7 

2744.8 

6244.2 

2626.5 

63546 

SS 

56 

•9333 

2589.1 

6031.1 

2666.6 

6137.5 

2746.1 

6246.0 

2827.8 

6356.4 

56 

57 

.9500 

1  2590.4 

6032.9 

2667.9 

6139-3 

2747-5 

6247.8 

2829.2 

6358.3 

57 

58 

.9667 

2591.7 

6034.6 

2669.2 

6141.1 

2748.8 

6249.6 

2830.6 

6360.1 

58 

59 

.9833  2593-0 

6036.4 

2670.5 

6142.9 

2750-2 

6251.4 

2832.0 

6362.0 

I  59 
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SURVEY  DATA 


Use  100'  Chords  up  to  8°  Curves         Use  25'  Chords  up  to  32°  Curves 
Use  so'  Chords  up  to  160  Curves         Use  io'  Chords  above  32°  Curves 
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3 

O  SJ 

o6' 
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98° 

99° 

8 

3 

a 

3 

Ext. 

Tan. 

.Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 
0 

0 

.0000 

2833-4 

6363.8 

2917-5 

6476.6 

3004.0 

6591.6 

3092.9 

6709.0 

1 

.0167 

2834-8 

6365-7 

2918.9 

6478.5 

3005.5 

6593-6 

3094.4 

6711.0 

I 

2 

.0333 

2836.1 

6367-5 

2920.3 

6480.4 

3006.9 

659S.5 

3095-9 

6712.9 

2 

3 

.0500 

2837.5 

6369.4 

2921.8 

6482.3 

3008.4 

6597.5 

3097.4 

6714.9 

3 

4 

.0667 

2838.9 

6371-3 

2923.2 

6484.2 

3009.8 

6599-4 

3098.9 

6716.9 

4 

5 

•0833 

2840.3 

6373-2 

2924.6 

6486.1 

301 1.3 

6601.3 

3100.4 

6718.9 

5 

6 

.1000 

2841.7 

6375.o 

2926.0 

6488.0 

3012.8 

6603.2 

3101.9 

6720.8 

6 

7 

.1167 

2843-1 

6376.9 

2927.5 

6489.9 

3014.3 

6605.2 

3103.4 

6722.8 

7 

8 

.1333 

2844.5 

6378.7 

2928.9 

6491.8 

3015.7 

6607.1 

3104.9 

6724.8 

8 

9 

.1500 

2845.9 

6380.6 

2930.3 

6493.7 

3017.2 

6609.1 

3106.4 

6726.8 

9 

10 

.1667 

2847.2 

6382.5 

2931.7 

6495.6 

3018.6 

661 1. 0 

3107.9 

6728.8 

10 

11 

.1833 

2848.6 

6384.4 

2933.2 

6497.5 

3020.1 

6613.0 

3109.5 

6730.8 

11 

12 

.2000 

2850.0 

6386.2 

2934.6 

6499.4 

3021.6 

6614.9 

3111.0 

6732.7 

12 

13 

.2167 

2851.4 

6388.1 

2936.1 

6501.3 

3023.1 

6616.9 

3112.5 

6734-7 

13 

H 

.2333 

2852.8 

6389.9 

2937.5 

6503.2 

3024.5 

6618.8 

3114.0 

6736.7 

14 

IS 

.2500 

2854.2 

6391.8 

2938.9 

6505.2 

3026.0 

6620.8 

3II5.5 

6738.7 

15 

16 

.2667 

2855.6 

6393-7 

2940.3 

6507.1 

3027.5 

6622.7 

3117.0 

6740.7 

16 

17 

.2833 

2857.0 

6395-6 

2941.8 

6509.0 

3029.0 

6624.7 

3"8.5 

6742.7 

17 

18 

.3000 

2858.4 

6397.4 

2943.2 

6510.9 

3030.4 

6626.6 

3120.0 

6744.6 

18 

10 

.3167 

2859.8 

6399.3 

2944.7 

6512.8 

3031.9 

6628.6 

3121.5 

6746.6 

19 

20 

•3333 

2861.2 

6401.2 

2946.1 

6514.7 

3033-3 

6630.5 

3123.1 

6748.6 

20 

21 

.3500 

2862.6 

6403.1 

2947.5 

6516.6 

3034-8 

6632.5 

3124.6 

6750.6 

21 

22 

.3667 

2864.0 

6404.9 

2948.9 

6518.5 

3036.3 

6634.4 

3126. 1 

6752.6 

22 

23 

.3833 

2865.4 

6406.8 

2950.4 
2951.8 

6520.4 

3037-8 

6636.4 

3127.6 

6754.6 

23 

24 

.4000 

2866.7 

6408.7 

6522.3 

3039-3 

6638.3 

3129.1 

6756.6 

24 

25 

.4167 

2868.1 

6410.6 

2953.3 

6524-3 

3040.8 

6640.3 

3130.7 

6758.6 

25 

26 

•4333 

2869.5 

6412.4 

2954.7 

6526.2 

3042.2 

6642.2 

3I32.-2 

6760.6 

26 

27 

.4500 

2870.9 

6414.3 

2956.2 

6528.1 

3043-7 

6644.2 

3133-7 

6762.6 

27 

28 

.4667 

2872.3 

6416.2 

2957.6 

6530.0 

3045-2 

6646.1 

3135-2 

6764.6 

28 

29 

.4833 

2873.7 

6418.x 

2959-0 

6531.9 

3046.7 

6648.1 

3136.7 

6766.6 

29 

30 

.5000 

2875.1 

6419.9 

2960.4 

6533.8 

3048.1 

6650.0 

3138.3 

6768.6 

30 

31 

•5167 

2876.5 

6421.8 

2961.9 

6535.8 

3049.6 

6652.0 

3139-8 

6770.6 

31 

32 

•5333 

2877.9 

6423.7 

2963.3 

6537-7 

3051-1 

6653.9 

3I4L3 

6772.6 

32 

33 

•5500 

2879.4 

6425.6 

2964.8 

6539-6 

3052.6 

6655-9 

3142.9 

6774-6 

33 

34 

.5667 

2880.8 

6427.5 

2966.2 

6541.5 

3054-1 

6657.8 

3144-4 

6776.6 

34 

35 

.5833 

2882.2 

6429.4 

2967.7 

6543.4 

3055-6 

6659.8 

3145-9 

6778.6 

35 

36 

.6000 

2883.6 

6431.2 

2969.1 

6545-3 

3057-0 

6661.7 

3147-4 

6780.6 

36 

37 

.6167 

2885.0 

6433.1 

2970.6 

6547.3 

3058.5 

6663.7 

3i<9-0 

6782.6 

37 

38 

•6333 

2886.4 

6435-o 

2972.0 

6549.2 

3060.0 

6665.7 

3150.5 

6784.6 

38 

39 

.6500 

2887.8 

6436.9 

2973-5 

6551-1 

3061.5 

6667.7 

3152.0 

6786.6 

39 

40 

.6667 

2889.2 

6438.8 

2974-9 

6553.0 

3063.0 

6669.6 

3153-5 

6788.6 

40 

41 

.6833 

2890.6 

6440.7 

2976.4 

6555.o 

3064.5 

6671.6 

3I55-I 

6790.6 

41 

42 

.7000 

2892.0 

6442.5 

2977.8 

6556.9 

3066.0 

6673.5 

3156.6 

6792.6 

42 

43 

.7167 

2893.4 

6444.4 

2979.3 

6558.8 

3067.5 

6675-5 

3158.2 

67946 

43 

44 

•7333 

2894.8 

6446.3 

2980.7 

6560.7 

3068.9 

6677.4 

3159-7 

6796.6 

44 

45 

.7500 

2896.3 

6448.2 

2982.2 

6562.7 

3070.4 

6679.4 

3161.2 

6798.6 

45 

46 

.7667 

2897.7 

6450.1 

2983.6 

6564.6 

3071.9 

6681.4 

3162.7 

6800.6 

46 

47 

.7833 

2899.1 

6452.0 

2985.1 

6566.5 

3073.4 

6683.4 

3164.3 

6802.6 

47> 

48 

.8000 

2900.5 

6453-9 

2986.5 

6568.4 

3074-9 

6685.3 

3165.8 

6804.6 

48 

49 

.8167 

2901.9 

6455.8 

2988.0 

6570.4 

3076.4 

6687.3 

3167-4 

6806.6 

49 

50 

•8333 

2903.3 

6457.6 

2989.4 

6572.3 

3077.9 

6689.2 

3168.9 

6808.6 

50 

51 

.8500 

2904.7 

6459.5 

2990.9 

6574.3 

3079-4 

6691.2 

3170.5 

6810.6 

51 

52 

.8667 

2906.1 

6461.4 

2992.3 

6576.2 

3080.9 

6693.2 

3172.0 

6812.6 

52 

53 

•8833 

2907.6 

6463.3 

2993.8 

6578.1 

3082.4 

6695.2 

3173-6 

6814.7 

S3 

54 

.9000 

2909.0 

6465.2 

2995.2 

6580.0 

3083.9 

6697.1 

3I75-i 

6816.7 

54 

55 

.9167 

2910.4 

6467.1 

2996.7 

6582.0 

3085.4 

6699.1 

3176.6 

6818.7 

55 

56 

•9333 

2911.8 

6469.0 

2998.1 

6583.9 

3086.9 

6701. 1 

3178.1 

6820.7 

56 

% 

•9500 

2913-3 

6470.9 

2999.6 

6585.8 

3088.4 

6703.2 

3179-7 

6822.7 

57 

•0667 

2914-7 

6472.8 

3001. 1 

6587.7 

3089.9 

6705.2 

3181.2 

6824.7 

58 

59 

r  — 

•O833 

2916.1 

6474-7 

3002.6 

6589.7 

3091.4 

6707.1 

3182.8 

6826.8 

59 

1 

FUNCTIONS  i  DEGREE  CURVE 
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Use  100'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  320  Curves 
Use  so'  Chords  up  to  160  Curves        Use  10'  Chords  above  320  Curves 


o 
1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

IS 
16 
17 
18 
19 

20 
21 

22 
23 
24 

25 
26 
27 
28 


OS 
•  *•> 

a  bo 
S  v 


.0000 
.0167 
•0333 
.0500 
.0667 

.0833 
.1000 
.1167 

.1333 
.1500 

.1667 

.1833 
.2000 
.2167 
•2333 

.2500 
.2667 
.2833 
.3000 
•3167 

•3333 
.3500 
.3667 
•3833 
.4000 

.4167 
-4333 
.4500 
4667 


Ext. 


29  .4833 
.5000 
•5167 
•5333 
.55oo 
.5667 

.5833 
.6000 
.6167 

•6333 
.6500 


3° 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 


.6667 
•6833 
.7000 
.7167 
•7333 
.7500 
.7667 

•7833 
.8000 
.8167 

•8333 
.8500 
.8667 
.8833 
.9000 

.0167 
•9333 
.9500 
.9667 
.9833 


31843 
3185.9 
3187.4 
3189.0 
3190.5 
3192.1 
3193-6 
3195.2 
3196.7 
3198.3 

3199.8 
3201.4 
3202.9 
3204.5 
3206.0 

3207.6 
3209.1 
3210.7 
3212.2 
3213-8 

3215.4 
3217-0 
3218.5 
3220.1 
3221.6 

3223.2 

3224.7 
3226.3 

3227.9 
3229.5 

3231-0 
3232.6 
3234.1 
3235.7 
3237-3 

3238.9 
3240.4 
3242.0 
3243.5 
3245-1 

3246.7 
3248.3 
3249-8 
3251-4 
3253-0 

3254.6 
3256.2 
3257-8 
3259.3 
3260.9 

3262.5 
3264.1 
3265.7 
3267.3 
3268.8 

3270.4 
3272.0 
3273-6 
3275-2 
3276.8 


Tan. 


6828.8 
6830.8 
6832.8 
6834-8 
6836.8 

6838.9 
6840.9 
6842.9 
6844.9 
6847.0 

6849.0 
6851.0 
6853-0 
6855.1 
6857.1 

6859.1 
6861.1 
6863.2 
6865.2 
6867.2 

6869.2 
6871.3 
68f3.3 
6875-4 
6877.4 

6879.4 
6881.4 
6883.5 
6885.5 
6887.6 

6889.6 

6891.7 
6893.7 
6895.7 
6897.8 

6899.8 
6901.8 
6903.9 
6905.9 
6908.0 

6910.0 
6912. 1 
6914.1 
6916.2 
6918.2 

6920.3 
6922.3 
6924.4 
6926.4 
6928.5 

6930.5 
6932.6 
6934.6 
6936.7 
6938.7 

6940.8 
6942.8 
6944.9 
6946.9 
6949.0 


o 

1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

15 
16 
17 

18 

19 
20 
21 

22 
23 

24 

25 
26 
27 
28 
29 

30 
31 
32 

33 

34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
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SURVEY  DATA 


Use  ioo'  Chords  up  to  8°  Curves        Use  25'  Chords  up  to  32"  Curves 
Use  so'  Chords  up  to  160  Curves        Use  10'  Chords  above  32  °  Curves 


■n 
S 

*j 

3 

a 

2 

IOI° 

102° 

103° 

I040 

105° 

- 
s 

3 

a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

3278.3 

6951.0 

3375-1 

7076.0 

3474-6, 

7203.6 

3577-1 

7334-1 

3682.6 
3700.4 
S718.4 

7467-5 

0 

10 

3294-3 

6971.7 

3391-5 

7097.1 

3491.5,7225.1 

3594-4  7356.1 

7490.0 

10 

20 

3310.3 

6992.4 

3407.9 
3424.5 

7118.2 

3508.4 

7246.8 

3611.9 

7378.2 

7512.6 

20 

30 

3326.4 

7013.2 

7139.4 

3525.5 

7268.5 

3629.4 

7400.4 

3736.5 
3754-6 
3772.9 

7535-3 

30 

40 

3342.5 

7034.01 

344I-I 

7160.7 

3542.6 

7290.3 

3647.1 

7422.7 

7558.1 

40 

So 

3358.8 

7055-0] 

3457.8  7182.1 
3474.6:7203.6 

3559-8 

7312.1 

3664.8 

7445-01 

7581.0 

50 

60 

3375-1 

7076.0 

3577-1 

7334-1 

3682.6 

7467-5 

3791-2 

7604.0 

60 

en 

.a 

1060 

10 

7° 

1080    . 

1090 

IIO° 

8 

4-1 

3 

.9 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

3791-2 

7604.0 

3903.1 

7743-7 

4018.5 

7886.7 

4137-4 

8033.2 

4260.0 

8183.3 

0 

10 

3809.6 

7627.0 

3922.1 

7767.3 

4038.0 

7910.8 

4157-5 

8057.9!  [4280.8 
8082.8^301.7 
8107.8  4322.7 

8208.7 

10 

20 

3828.1 

7650.2 

3941.2 

7791-0 

4057-7 

7935-1 

4177.8 

8234.2 

20 

30 

3846.7 

7673-4 

3960.4 

7814.7 

4077.5 

7959-5 
7983-9 

4198.2 

8259.8 

30 

40 

3865.4 

7696.7 

3979-6 

7838.6 

4097.3 

4218.7 

8132.8 14343.8 
8158.^4365.1 

8285.5 

40 

So 

3884.2 

7720.1 

3999.0 

7862.6  '4117.3 

8008.5!  4239-3 

8311.3 

50 

60 

3903-I 

7743-7 

4018.5 

7886.7 

4137.4 

8033.2 

4260.0 

8183.3 

4386.4 

8337.2 

60 

6 

s 
a 

iii° 

112° 

H3° 

li4° 

"5° 

I 

.a 

% 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

2 

0 

4386.4 

8337-2 

4516.9 

8495.1 

4651.6 

4674.5 

8657.1 

4700.7 

8823.4 

4934-4 

8994.3 

0 

10 

4407.9 

8363.2 

4539.1  8521.8 

8684.5 

4814.4 

8851.6J  j495»-9 

9023.2 

10 

20 

4429.5 

8389.4 

4561.3 

8548.6  '4697.5 

8712.0 

4838.1 

88  79-9k983 -4 

9052.3, 

20 

30 

4451.2 

8415.6 

4583-7 

8575-%720.6 

8739-7 

4862.0  8908.3'  5008.1 

0081.5 

30 

4° 

4473.0 

8442.0 

4606.2 

8602.6 U743-9 

8767.5 

4885.08936.85032.9 

91 10.8 

40 

So 

4494-9 

8468.5 

4628.9 
£651.6 

8629.8,4767.2 

8795-4  49io.2'8965.5i  5057-9 

9140.3 

50 

60 

4516.9 

8495.1 

8657-1 

4790.7 

8823.4 

4934-4.0994-3 

5083.C 

1 

9169.9 

60 

8 
a 
.S 

2 

1160 

«78 

1180 

"9° 

I20° 

1 

3 
.a 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

0 

<;o83.o 

9169.9 

5236.6 

935o.5 

5395-4 

9536.3 

5559-7 

9727.6 

573o.o 

9,924-6 

0 

10 

5108.2 

9199.7 

5262.6J9381.1 

5422.4 

9567.8 

5587.7 

9760.0 

5758.9 

9.958.1 

10 

20 

5133-6 

9229.6 

5288.99411-5 

5449-5 

'  9599-5 

5615.8 

9792.6  57»»-0 

9,990.6 

20 

30 

5I59-1 

9259.6 

5315-3  9442.8 

5476.8 

9631.3 

5644.1 

9825.4!  5817.3 

10,025.6 

3° 

40 

5184.8 

9289.? 

5341-8  9473-8 

5504-3 

9663.2 

5672.6 

9858.3 

'584O.8 

10,059.7 

40 

50    S2io.fi 

9320.1 

5368.5  9505.C 

5532-0 

969S.3 

5701.2 

9891.4 

'3876.4 

10,093.7 

50 

60    5236.fi 

9350.J 

5395-4  9536.3 

5559-7 

9727.6 

5730.0 

9924.6 

S906.I 

10,127.7 

60 

1             1 
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CURVE  PROBLEMS 
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L  =  100  X7;  = 


Central  angle 


X  100. 


D      Degree  of  curvature 

For  the  convenience  of  the  field  engineer  column  i,  Table  139, 
?ives  the  central  angle  A  in  degrees  and  minutes  (as  read  by  the 
transit);  column  2  gives  the  same  angle  expressed  in  degrees  and 
decimals  for  figuring  curve  lengths. 

Tangent  Length  and  Externals.-- -Figure  278  shows  a  general 
urve  problem.  The  deflection  angle  between  the  tangents  at 
the  point  of  intersection  (P.  I.)  =■=  the  central  angle  of  the  curve  that 
wrill  fit  these  tangents;  it  is  referred  to  as  A. 

The  tangent  distances  equal  the  distance  from  the  P.  C.  (begui- 
ling of  curve)  to  the  P.  I.  or  P.  I.  to  P.  T.  (end  of  curve)  and  are 
expressed  by  the  formula 

T  =  Radius  X  tangent  of  —  (4) 


External-, 
PC.  \  Pi. 


Center  of  Curve 
Fig.  278. 

Therefore,  for  a  given  central  angle  A,  the  tangent  length  is 
lirectly  proportional  to  the  radius.  If  the  tangent  lengths  of  a  i° 
urve  for  different  A's  are  tabulated,  the  tangent  length  for  any 
[esired  degree  of  curve  equals  tangent  length  for  i°  curve  for  the 
pecified  A  divided  by  the  degree  of  the  desired  curve  expressed  in 
[egrees  and  decimals  of  a  degree. 

Expressed  as  a  formula  this  reads: 


Tangent  for  desired  curve  = 


Tangent  i°  curve  for  specified  A 
_  , 


(5) 


nd  reversing  the  formula  the  desired  degree  of  curve  for  a  specified 
angent  length  can  be  determined  by  the  formula 

Tangent  i°  curve  for  specified  A 


D  = 


(6) 


Specified  tangent  length  desired 

The  external  is  the  distance  from  the  P.  I.  to  the  curve  arc  on 
he  line  between  the  P.  I.  and  the  center  of  the  curve.  It  is  deter- 
lined  by  the  formula: 

External  = Radius  =  Radius/ r  —  1 


Cos  — 

2 


\Cos7 


) 


(7) 
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and  is  directly  proportional  to  the  radius  in  the  same  manner  a 
the  tangent  length;  therefore,  the  external  of  any  desired  curv 
for  a  specified  A  equals  the  external  of  a  i°  curve  for  that  A  dividei 
by  the  degree  of  curvature. 


'Point  of  Tangency 


Tangent.^ 


S    Angle* ^Central 'Angle A 


'Center  of  Curve 

Fig.  279. 


4  Curve. 

The  Distances  along  the  An: 

between  (/-2)  (2-3)13-4)  etc.  are 


Fig.  280. 


Expressed  as  a  formula  this  reads: 

,    .     ,                  External  i°  curve  for  specified  A 
External  for  desired  curve  = jz » 
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and  reversing,  as  for  tangents,  the  desired  degree  of  curvature  is 
obtained  that  gives  a  specified  external  distance,  by  the  formula, 

_     External  i°  curve  for  specified  A  .  . 

Specified  external  distance  desired 

Methods  of  Running  Curves. — Curves  are  run  in  the  field  by 
tangent  offsets,   middle  ordinates,  or  deflection  angles.     Deflec- 
ion  angles  is  the  simplest  method  and  is  almost  universally  used. 
It  is  based  on  the  principle  that  the  angle  S  between  the  tangent 
and  arc  chord,  one  end  of  which  is  at  the  point  of  tangency,  is 
qual  to  one-half  the  central  angle  subtended  by  that  chord.     Sup- 
pose the  angle  A  is  40  and  the  arc  length  ST  =  100'.     This  curve 
would  then  be  a  40  curve.     From  the  previous  definitions  locate 
the  point  T  (Fig.   279)   by  turning  the  deflection  angle  S  =  20 
rom  the  tangent  and  measuring  ioo'  of  arc  in  such  a  position  that 
he  end  of  the  arc  would  be  on  the  line  of  the  chord  ST.     It  is 
mpossible  to  measure  the  arc  distance  conveniently  and  for  all 
practical  purposes  a  chord  length  of  100'  will  answer  for  a  40  curve 
see  discussion,  p.  855). 
Suppose  it  is  desired  to  locate  the  points  2,  3,  4,  5,  and  6  on  the 
curve  from  point  1  or  the  P.C.  of  a  curve  (Fig.  280). 

A 

Set  the  transit  at  the  P.C;  if  a  deflection  —  —  20  from  the 

2 

angent  xy  is  turned  the  line  of  sight  will  pass  through  the  point  2 ; 

f  —  =  40  is  turned  the  line  of  sight  will  pass  through  point  3;  6°, 

3oint  4,  etc.;  it  only  remains  to  measure  to  these  points  to  locate 
hem  definitely.  This  can  be  done  in  two  ways,  by  measuring  the 
listances  1-2,  1-3,  1-4,  1-5,  etc.,  or  by  measuring  1-2,  2-3,  3-4, 

5,  etc. 

In  the  first  case  the  difference  between  the  length  of  arc  and 
he  chord  length  becomes  so  great  that,  unless  a  correction  is 
nade,  the  points  are  not  exactly  located;  that  is,  the  length  of 
ire  between  points  1,  2,  3,  4,  5,  6,  =  500'  while  the  chord  length 
-6  =  497.5';  also,  it  takes  longer  to  measure  the  distances  1-2, 
-3,  1-4,  1-5,  1-6,  etc..  than  it  would  1-2,  2-3,  3-4,  4-5,  etc. 

In  the  second  method  we  can  use  chords  of  ioo'  from  1-2,  2-3, 
:tc,  with  no  appreciable  error,  as  the  distance  measured  by  chords 

>  2,  3,  4,  5,  6,  =  499-94'. 
Therefore,  the  method  usually  adopted  is  to  turn  the  deflection 

ngle  —  and  measure  the  chord  1-2,  which  locates  the  point  2; 

hen  turn  the  deflection  angle  —  and  measure  the  chord  distance 

:-3,  locating  point  3,  etc.  „        _- 

The  fact  has  been  mentioned  that  the  use  of  the  chord  distance 
,s  equal  to  the  arc  introduces  an  error  but  that  this  error  is  of 

o    importance    for    a    40    curve:    As    the   degree   of   curvature 
ncreases,  the  difference  between  an  arc  length  of  100'  and  the  chord 

ngth  becomes  greater,  and  it  is  necessary  to  determine  the  limit  of 
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curvature  that  will  allow  the  use  of  ioo'  chords  in  locating  curve 
points.  On  page  832  the  statement  is  made  that  center-line  chain- 
ing should  be  correct  to  within  0.1'  per  100'  of  length,  which  allows 
a  difference  in  arc  and  chord  of  0.1.  This  occurs  when  the  degree 
of  curvature  reaches  90  per  100'.  The  difference  can  then  be 
reduced  by  the  simple  expedient  ofusing  50'  chords,  which 
reduces  the  error  for  this  degree  of  curvature  from  o.io'  per  100' 
of  length  using  ioo'  chords  to  0.02'  using  50'  chords;  50'  chords 
can  be  used  up  to  180  curves  and  beyond  that  point  25'  chords. 

It  is  better  not  to  use  the  full  limit  of  allowable  error,  and  a  good 
working  rule  is  ioo'  chords  up  to  8°  curves,  50'  chords  up  to  160 
curves,  25'  chords  to  320,  and  beyond  that  10'  chords. 

For  any  given  curve  the  deflection  angle  and  central  angle  are 

directly  proportional  to  the  length  of  the  arc,  and  if  the  deflection 

angle  for  100'  arc  of  io°  curve  equals  50  the  deflection  angle  for  1  foot 

,  .       „  -      =5°         3°°'  / 

of  arc  of  10    curve  equals  - —  =  =  3  . 

100       100 

An  example  of  a  typical  simple  curve  problem  can  now  be  given : 


"  k Tan.  Length 


Fig.  281. 

To  Determine  the  Degree  of  Curvature  Desired  from  a  Fixed  External 
Distance. — At  Sta.  23  +  42.6  there  is  a  deflection  angle  of  250  10' 
between  tangents  AB  and  B'C;  suppose  upon  examining  the  ground 
it  is  decided  that  to  fit  the  old  roadbed  and  give  good  alignment 
the  curve  should  be  located  somewhere  between  13.5  and  14.5' 
to  the  right  of  the  transit  point  at  Sta.  23  +  42.6.  Proceed  as 
follows:  From  table  139  pick  out  the  external  for  a  i°  curve  for 
A  =  250  10';  this  equals  141. o'. 

The  problem  is  to  determine  the  degree  of  curvature  that  will 
give  an  external  of  between  13.5  and  14.5'.     Use  formula   (9). 


D  = 


D  = 


External  i°  curve  for  250  10'  _  141.0' 
External  i°  curve  for  250  10' 


14-5' 


13.5' 
141.  o' 

14-5 


=  10.44    curve. 
=  9. 7 20  curve. 


To  fit  the  conditions  some  curve  must  be  selected  between  a 
10.44  and  a  9.72°.  A  io°  curve  would  be  naturally  selected  as 
being  the  simplest  to  figure. 


- 
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To  Determine  the  Required  Degree  of  Curvature  j or  a  Fixed  Tangent 
length. — Take  the  same  problem  as  above  except  there  must  be  a 
tangent  length  of  between  127  and  129'.     Use  formula  (6). 

'         Tangent  i°  curve  for  250  10'       1279.1'  0 

D  = ■ -, =  — -^-r-  =  10.070  curve. 

127  127 

^       Tangent  i°  curve  for  250  10'       1279.1'  0 

D  =  - 7 =  — tJLr~  =  9.91    curve. 

129  129 

Table  139  gives  tangent  for  250  10'  =  1 279.1'. 

These  limiting  values  would  result  in  the  selection  of  a  io° 
urve.  The  degree  of  the  desired  curve  is  usually  selected  in  one 
)f  these  two  ways;  ordinarily  it  is  determined  by  the  external 
iistance. 


A  =  25°/0' 

D=  10°  R  =573.0 

7=  127.9 L=  251.7 

RC.  =  Sta.£2H4.7 

P.T.=Sta.24+66.4 


Fig.  282. 

Simple  Curve  Problem.  Case  1. — To  compute  the  notes  for  a 
:o°  curve  for  a  deflection  angle  of  250  io'  between  tangents  at 
>ta.  23  +  42.6. 

Central  angle  =  250  10'. 

Table  139  gives  the  tangent  i°  curve  for  250  10'  =  1 279.1. 

rr  .      o  1279. 1 

tangent  10    curve  =  —  =  127.91. 

10 

The  station  of  the  P.C.  then  equals  Sta.  23  +  42.6  P.I.  minus 
27.9'  =  Sta.  22  +  14-7- 

The  length  of  curve  =  —  =  — — 5—^-  X  100'  =  251.7'. 
D  10 

The  station  of  the  P.T.  (tangent  point,  or  end  of  the  curve) 
s  measured  around  the  arc  is  then  Sta.  (22  +  14.7  P.C.)  +  251.7' 
=  Sta.  24  +  66.4. 

The  rule  for  running  curves  requires  the  use  of  50'  chords  for 

io°  curve.  The  deflections  for  the  even  stations  and  the  50' 
tations  must,  therefore,  be  figured  as  follows: 

Stations  22  +  50,  23  +  00,  23  +  50,  24  +  00,  24  +  50,  and  to 
heck  the  curve  Sta.  24  +  66.4. 

For  a  io°  curve,  Table  138: 

The  deflection  for  100'  of  arc  =  50 
The  deflection  for  50'  of  arc  =  20  30' 
The  deflection  for  1'  of  arc  =  o°  03' 
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The  distance  from  the  P.C.,  Stas.  22  +  14.7  to  22  +  50,  is  35.3' 
the  deflection  per  foot  =  o°  03',  for  35.3'  =  35.3  X  o°  03'  =  105.9 
=  i°  46'. 

The  distance  P.C.  to  Sta.  23  +  00  equals  85.3',  or  50'  farthe: 
than  for  Sta.  22  +  50;  the  deflection  per  50'  of  arc  equals  20  30' 
therefore,  the  deflection  for  Sta.  23  +  00  equals  the  deflections  fo 
Sta.  22  +  50  (i°  46')  plus  20  30',  the  deflection  for  50'  of  arc  or  4' 
16';  in  a  like  manner  the  deflection  for  Sta.  23  +  50  is  6°  46';  fo: 
24  +  00,  90  16';  for  24  +  50,  n°  46';  the  distance  from  Sta.  2< 
+  50  to  the  P.T.,  Sta.  24  +  66.4,  is  16.4;  the  deflection  for  16.4 
equals  16.4  X  o°  03'  =  49.2';  the  deflection  for  Sta.  24  +  66.4  is 
therefore,  (n°  46'  +  49')  =  120  35';  if  the  deflection  notes  hav< 
been  properly  figured  this  last  deflection  to  the  P.T.  should  alway 
be  one-half  the  central  angle  of  the  curve;  in  this  case  one-half  o 
250  10',  which  equals  120  35',  checking  the  notes. 

To  Run  the  Curve. — Set  up  the  transit  at  the  P.I.;  sight  alonj 
the  tangent  (BA),  measure  off  the  distance  127.9  (tangent  length 
along  this  line  and  set  the  P.C.  exactly  on  the  line.  In  a  like  man 
ner  set  the  P.T.  on  the  forward  tangent  (B'C)  127.9'  from  tne  P-l 
Then  set  up  the  transit  on  the  P.C.  and  with  the  vernier  at  o°  oc 
sight  on  the  P. I.,  using  the  lower  plate  motion.  Loosen  the  uppe 
motion  and  deflect  i°  46';  measure  along  this  line  35.3',  whicl 
locates  Sta.  22  +  50  on  the  curve  arc;  then  loosen  the  upper  motio: 
and  set  the  vernier  to  read  40  16';  measure  50'  from  the  just  locate' 
Sta.  22  +  50,  so  that  the  forward  end  of  the  tape  is  in  line  with  th 
transit  deflection  of  40  16'  ;  this  locates  Sta.  23  +  00  on  th 
curve  arc.  In  a  like  manner  deflect  6°  46'  and  measure  forwar 
50'  from  Stas.  23  +  00  to  23  +  50,  etc.,  until  the  P.T.  is  reachec 
If  the  curve  has  been  correctly  run  the  last  deflection  of  120  35'  wii 
strike  the  previously  located  P.T.  and  the  distance  from  Sta.  2. 
+  50  to  this  P.T.  will  be  16.4';  if  the  distance  checks  within  0.2'  i 
is  sufficiently  close. 

The  above  problem  and  method  of  laying  out  a  curve  are  th 
simplest  form  encountered;  it  is  assumed  that  the  P.I.,  P.T.  an« 
all  intermediate  points  on  the  curve  are  visible  from  the  P.C.  an« 
that  the  P.I.  is  accessible. 

In  nine  cases  out  of  ten  this  method  is  applicable  to  road  curves 
but  where  the  P.I.  occurs  outside  of  the  road  fences  it  sometime 
is  located  in  a  stream,  pond,  building,  etc.,  and  cannot  b 
occupied.  This  is  known  as  the  problem  of  the  inaccessible  P.l 
More  often  it  is  impossible  to  see  the  P.T.,  or  some  intermediat 
point  on  the  curve  from  the  P.C,  which  necessitates  intermediat 
transit  points  on  the  curve.  The  problem  of  inaccessible  P.C.'s  o 
P.T.'s  is  so  rare  it  will  not  be  illustrated. 

Problem  of  the  Inaccessible  P.I.     Case  2. — The  point  H  (P.I. 
cannot  be  occupied.     Locate  any  two  convenient  points  5  and 
on  the  tangents  AB  and  B'C  and  measure  the  distance  st  equals 
say,  1 10.5'. 

Set  the  transit  at  ^  and  measure  the  angle  between  the  line  A 
produced  and  st,  say,  50  10';  in  a  similar  manner  measure  the  angl 
at  t  between  st  produced  and  the  forward  tangent  tC,  say,  200  00' 
The  total  deflection  then  between  the  tangent  AsB  and  B'tC  or  th> 


central  angle  of  the  curve  to  be  run  is  the  sum  of  these  two  deflec- 
tions, angles  50  10'  +  200  00'  =  250  10'. 

Assuming  a  io°  curve  is  desired  we  must  locate  the  P.C.  from 
the  point  5  and  the  P.T.  from  the  point  t. 

In  the  preceding  simple  curve  problem  the  tangent  length  of  a 
io°  curve  with  a  central  angle  of  250  10'  was  figured  to  be  127.9'; 
it,  therefore,  remains  to  compute  the  distance  sH,  which  subtracted 
from  127.9'  will  give  the  distance  from  s  along  the  tangent  sA  to 
the  P.C.  of  the  curve.  In  a  similar  manner  compute  tH,  which 
subtracted  from  127.9'  gives  the  distance  along  the  forward  tangent 
tC  to  the  P.T.  of  the  curve. 
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l< 127.9'—       .    -W 

k— 33.0'--* &•>        -A 

[PC.  \5=5ta.2Z+53.X.  Hj  PI.  inaccessible 


B 


Fig.  283. 

Knowing  the  station  of  the  point  s  as  measured  along  tne  tangent 
AB  the  station  of  the  P.C.  is  determined;  then  figure  the  deflec- 
tions in  the  usual  manner  and  run  the  curve. 

For  the  values  givei.  the  computations  are  as  follows: 
To  determine  sH  and  lit.     Use  the  law  of  sines  (see  Trigono- 
metric formulas,  p.  1578). 
sH :  st  ::sin  200  00'::  sin  250  10' 

st  sin  200  00' 


sH  = 


Ht 


sin  25 
st  sin  5' 


10 


sin  25    10 


110.5  X  0.34202 

0.42525 
no.  5  X  0.09005 

0.42525 


=  88.87 


23-4 


•9    = 


Therefore,  the  distance  from  5  to  the  P.C.  is  127.9'  - 
39.0'. 

The  distance  from  t  to  the  P.T.  is  127.9  —  23.4  =  104.5. 

Having  these  distances,  the  P.C.  and  P.T.  are  located.  Assume 
that  station  of  5  was  measured  along  the  tangent  AB  and  found  to 
be  Sta.  22  +  53.7. 

The  station  of  the  P.C.  then  equals  22  +  14.  7 
The  station  of  the  P.I.  then  equals  23  +42.6 

The  station  of  the  P.T.  then  equals  24  +  66.4,  using  the  length  of 
curve  figured  in  Case  1. 

The  deflections  are  figured  and  the  curve  run  as  in  Case  1,  assum- 
ing that  all  the  curve  points  are  visible  from  the  P.C. 

Case  3.  Where  the  P.T.  or  Intermediate  Points  on  the  Curve 
Are  Not  Visible  from  the  P.C.  a.  Where  an  Intermediate  Set-up  Is 
Required. — Use  the  same  curve  as  in  Case  1. 
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The  deflections  for  the  different  curve  points  were  figured  as 
follows: 

Deflections. — Instrument  at  P.C.,  foresight  on  P.I. 


P.C.  Sta. 

22  +  I4.7 

22  +  50 

23  +  OO 

23  +  50 

24  +  OO 

24  +  50 

24  +  66 . 4 

PC.  2Z+I4-.7 


Deflection 

o°  00 
i°  46 
40  16 
6°  46 
90  16 


11* 
12* 


46 
35 


FT.  24+66.+ 


Fig.  284. 


Set  up  the  instrument  at  the  P.C.  and  locate  the  points  22  +  50. 
23  +  00,  and  23  +  50;  suppose  24  +  00  is  not  visible,  set  up  at  Sta. 
23  +  5°>  set  the  vernier  at  o°  oo',  and  back  sight  on  the  P.C. ;  transil 
the  telescope  and  finish  the  curve,  using  the  same  deflections  as 
figured  for  the  instrument  set  up  at  the  P.C;  that  is,  turn  the  deflec- 
tion of  90  16'  for  Sta.  24  +  00,  n°  46'  for  24  -f-  50,  and  120  35'  foi 
the  P.T.  In  general,  it  can  be  said  that  whenever  the  P.C.  is  usee 
as  a  backsight  from  the  intermediate  set-up,  set  the  vernier  at  o°  00 
when  sighting  on  the  P.C;  transit  the  telescope  and  use  origina 
notes  for  the  balance  of  the  curve. 

b.  Where  Two  or  More  Intermediate  Set-ups  Are  Required. — Foi 
the  first  set-up,  say,  at  23  +  50,  proceed  as  above  and  set  Sta.  24 
+  00;  suppose  24  +  50  is  not  visible  from  Sta.  23  +  50;  set  up  at 
Sta.  24  +  00  and  with  the  vernier  reading  6°  46',  back  sight  on 
Sta.  23  +  50;  transit  the  telescope,  set  the  vernier  to  read  n°  46' 
for  Sta.  24  -f-  50,  and  proceed,  using  the  same  deflections  as  orig- 
inally figured.  In  general,  where  the  P.C.  is  not  visible  from  the 
intermediate  set-up,  set  the  vernier  to  read  the  deflection  figured 
for  the  point  used  as  a  backsight;  transit  the  telescope  and  proceed 
with  the  curve,  using  the  notes  originally  figured;  that  is,  if  the 
instrument  is  set  up  at  Sta.  24  -f-  00  and  22  +  50  used  as  a  back- 
sight, the  vernier  is  set  at  i°  46',  and  using  the  lower  motion  the  wire 
is  set  on  Sta.  22  +  50;  then  transiting  the  telescope  the  curve  is 
run  by  setting  the  vernier  at  n°  46'  for  Sta.  24  +  50,  etc. 

If  Sta.  23  +  00  is  used  as  a  backsight,  set  the  vernier  at  40  16' 
when  sighting  the  machine;  then  transit  and  proceed  as  above. 

These  three  cases  cover  any  ordinary  road  curve  problems. 

NEW  LOCATION  SURVEYS 

General. — The  details  of  survey  woik  depend  entirely  on  the 
character  of  the  improvement  and  range  from  simple  alignment 
determination   on   mesa   wagon    trails   to   the   complete   surveys 
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equired  for  difficult  mountain  locations  which  are  to  be  constructed 
iy  contract  on  unit  price  bids.  The  following  data  are  for  complete 
irst-class  surveys.  The  same  methods  are  used  for  more  incom- 
plete surveys,  but  parts  of  the  procedure  can  often  be  omitted  if  the 
tfork  is  to  be  done  by  force  account  or  convict  labor. 

Organization  and  Equipment. — Eight-  to  ten-men  parties  are  a 
onvenient  and  efficient  force: 

Locating  engineer 

Transitman 

Levelman 

3  Chainmen,  rodmen,  etc. 

1  to  3  Axmen. 

Cook 

If  drafting  is  to  be  done  in  the  field,  add  a  draftsman  and 
omputer  to  the  party,  but  this  is  not  advised,  as  field  drafting  is 
arely  satisfactory. 

Organization — first  stage  of  work: 

T        .-  .  /  Picking  out  line  and  general 

Locating  engineer <  &  •  •  fo 

°      °  \    supervision. 

Transitman 

2  Chainmen 

Necessary  axmen 

1  Stakeman 

j       ,  Running  bench  levels  and  check 

tj    ,  > profile    levels    keeping  all   this 

Rodman  F     1 .  1  *    u       ?•  * 

J  work  close  up  to  base-line  party. 

Organization — second  stage  of  work: 

Locating  engineer  "1  Drainage  areas,  classification  of 

1  Assistant  J  '  '  '   materials  and  topography. 

Transitman 


Running  base  line. 


.  .  Cross-sections. 
2  Assistants 

Levelman  \  ^  .. 

.     .  .      ,  > Cross-sections. 

2  Assistants  J 

Extra  men  moving  camp,  odd  jobs,  etc. 

The  first  stage  of  the  work  varies  in  speed  from  J^  to  3  miles  per 
ay,  depending  on  the  character  of  the  county.  Three-fourths 
lile  per  day  is  a  fair  average  for  ordinary  mountain  work. 

The  second  stage  should  make  a  speed  of  from  1  to  2  miles  per 
ay.'    A  fair  average  is  about  i^j  miles  per  day. 

Allowing  for  unavoidable  loss  of  time,  moving  camp,  etc.,  10  miles 

month  for  an  eight-man  party  is  a  fair  average  when  they  are 
oing  first-class  work. 

Cost  of  Survey. — The  cost  of  first-class  complete  mountain  road 
>cation  surveys  runs  from  $75  to  $150  per  mile  exclusive  of  rail- 
Dad  transportation  to  the  job,  allowing  $150  per  month  for  the 

eating  engineer,  $120  per-month  for  transitman,  $100  per  month 
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for  IeveTer,  and  $70  to  $90  for  laborers,  etc.  Meals  are  furnishc 
free  to  the  men  at  an  average  cost  of  75  cts.  per  man  per  day  exclu 
sive  of  labor,  or  about  $1  to  $1.30  per  day  including  cooks  salary.1 

The  average  speed  for  a  party  of  eight  men  is  approximately  1 
miles  per  month  of  completed  survey,  at  an  average  cost  of  $100  t 
$120  per  mile  exclusive  of  railroad  transportation.  In  easy  fla 
country  this  speed  can  be  easily  doubled  and  the  cost  halved. 


Depreciation  on  Engineering  Equipment  per  Mile  of  Surve 
(Assumed  50  miles  of  survey  per  season) 


r 

Quan- 
tity 


Item 


Annual 

Approx. 

Deprecia- 

Value 

Life, 

tion 

Years 

and 
Repairs 

Rental 
Charge 
per  Mile 
Survey 


Transit  (mountain)  tripod . 

Level  (dumpy  or  Y) 

Locke  level 

Abney  levels  @  $16.50 .  .  .  . 

100'  chains  @  $12.00 

Range  poles    (8'   wooden) 

@  $2.25 

Level    rods,     Philadelphia 

13'  extension 

Chain  repair  kits 

Metallic  tape  boxes,  $2.45. 

Metallic  fillers 

Set  sounding  bars  (i^"-i" 

and  2£"  tool  steel) 

Plumb  bobs 

Pocket  compasses 

Kodak  3- A 

Engineer's  trunk 

Totals 


1300.00 

150.00 

7  .00 

33   00 

36.00 

9.00 

30.00 

20.00 

7  .00 

6.00 

10.00 

4.00 

4.00 

24 .  00 

10 .  00 


10 

10 

3 

5 


I 
1 

10 
2 
3 
4 
1 


$650.00 


$40 . 00 
25   00 


5.00 

30.00 
4.00 
7.00 
6.00 

1  .00 

2  .00 
150 
6.00 

10.00 


$164.00 


$3  30 
(Say  $3  •  o< 


*  Marking  crayon. 

*  Use  a  crayon  having  a  large  amount  of  oil,  as  it  will  last  longer.    "Sta 
On- All"  is  a  good  brand. 

1  These  costs  are  for  1914  cost  conditions.    In  1926  costs  are  approximatf 
double  for  salaries  and  subsistence. 
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Center  Pole 


Guy  Stake 

MATERIAL   LI5T. 

( I- -14x16  'Tent 

4-l2-'x4  "<p  Center  Poles . 

d-5-x2  <p  Side  Poles. 

16-2^x3"  <p  Stakes 
I4-I*'x2" 4>  Pegs. 


FlG.  285. — Layout  diagram. 
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\i-6"4         6" Metal  Hasp  k-tf%j      V 


3-$  Metal  Strap  Hinges 
-'  on  each  Box. 


4'Metvl  Handles 
=■_  _  Hinged. 


Wr~ 


Front   View: 


3 


2 


#/ 


End   View; 
E a  o  i  pme n4-   Box 

yj^67f^//faqP  '^^-'•^  r_- — -■■   (All  TimberZ  be  First 

i  :"   ~""|j     I  Qrade  Native  Pine. 

I  All  Jo'ints  to  be  set 


3S' Metal  Strap  Hinges  on  each  Box 
Front-  View. 

1    ^#fNjf 


?;f^iHH 


End  View. 


J  with  2  %  Countersunk 

«  Wood  Screws. 
Each  Box  to  receive 
One  Priming  Coat 
and  One  Coatof 

\Varnish. 


La  nt"er  n       Bo  x . 


Plan  with  Top  Removed  . 


Fig.  286. 
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4H 


,3d  k' 


K- 

<?" 

---» 

). 

fcf-- 

~~i| 

1 

^ 

■ 

L_ 



vr 

•  Handle  l&Bage 
Endtumedon 
itself. 


I  '■  *•         ^         l 

K-rr—/5" -H 

'  Open  Bottom.        r 


K        ■  "•"•■ 


r /"Strap  Iron  to  ._- 

1  extend  all  the  tray 
\aro  und  the  Bottom,  one 

Continuous  Piece  on  Outside 

No.  16  &age. 

'Each  Stove  to  be  supplied  with  5  Joints 

of  Stove  Pipe,  One  Joint  to  contain  a 5" Oam per. 


~2d"~ -r-->\ 

/»  / 

(3-  j  Rivets  on  each  Side 
to  each  Strap-  Rivet  Heads 
tobeP/at. 

f /"Straps  extend 
all  around  Inside, 
16  Bag e 

(Ends  to  be  put 
Large  enough  to 
Lap  over  and  . 
Rivet  under  End 
Straps 

! Stove  made  of  22 6a ge 
Black  Ironsides  and  Tops 
of  3  Stoves  maybe  cut  from 
One  Sheet  23  x  108'  Top  and  ' 
Sides  all  in  One  Piecf. 


Fig.  287. — Tent  heater 
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-Hole  Strap  Hinges. 
Use  Screw- headed 
Bolt  with  CJ.  Nut. 


t  (Fasteners-far 

by  Iron  Braces 
J  when  Table  is 


^j  Folded.  Use 
§j  Screw  with 
I  \Nasher. 


Side    View. 


Use  Wmq-huf         ,     « • 
onBofte- ..^idoH-Holes^. 


1* 
.    (C.  5.  Bolt  Head '  leavmgj  Clearance 

ik  \  for  Wood  Plug  (I  x  4-j'BoH-  with 


1^ 


<3H 


VZZZZZZZZZZZZZZEZZ 


T2 


:rnr 


IPS 

— X — 


s=-~— - '■  °  ~~        


Use  I  %  F.WH.  Screws. 


2x4" 

End   View.  Detail    No.3. 

Fig.   288. — Folding  kitchen  camp  table. 
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&'* *•'? 


Leys  tobe  Securely  Screwed  on  One 
Side  only. 

I 'See  Detail No  J. 


Hinges  to  be  Securely 
Serened. 


i.T_ 


r^2Scrs 
,»',»""   ft   a     „    $r Iron  Strap 


Side  View. 


Each  Strip  to  be  riveted" 
I  ...-  as  shown. 


~y- 


1  *  ir 


JJ 


% 


E 


»►>. 


"*"?^ 


->i'i*  1 


/ 


Strips  to  be  of  Cck. 
4"xl"x3'on4  "Centers. 


Use  24  or.  White  Canvas 


°3 


/"■r 


'   V     f  All  Edges  of  Canvas  to  be  turned  under 
I  l-incn  and  Sewed 

NOTE  <  2'2" Leather  Straps  60 inches  long  with 
j  Buckles  tobe  attached  to  Under  Side  of 
Vcgnvas  to  bind  Top  when  Rolled. 


j  Centers 


Pin  Holes  tobeL  ined     \    (2  Extra  Holes  tobe  made 

PJfhj  "6as  Pipe  ^  j  on  one  End  only  to  allow 

I  for  Shrinkage  in  Canvas, 

Detail  No. 2,  Petoil  No.l. 

Fig.   289. — Portable  mess  tables. 


!  To  be  Bevelled — tigffit]   11 
Horizontally  • — •'' 
for  Seat. 

Width  of  Iron   V 
If  ^ 
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Camp  Equipment. — The  authors  would  not  have  the  temerity  t< 
recommend  camp  equipment  any  more  than  to  dare  advise  { 
woman  on  cooking  utensils.  It  is  a  delicate  subject  on  which  mos' 
campers  have  their  own  pet  notions.  The  following  lists  are  more 
in  the  nature  of  reminders  than  anything  else  and  are  based  01 
outfits  in  ordinary  use  on  mountain  road  surveys  in  the  West  when 
equipment  can  be  moved  by  wagon. 

Table   141. — Outfit  for  an  Eight-   or  Ten-Man  Party  01 
Location  Surveys  Table  Ware 

White  enamelware  dishes  unless  otherwise  noted. 

Item  Approx.  Value 

12  Cups,  zW  diameter $2  .00 

12  Saucers,  6"         "        i .  8o 

3  Salt  shakers  (large)  aluminum o  .60 

1  "     shaker  (small)  o .  10 

12  Table  forks  (retinned) 1 .  50 

24  Tea  spoons  "        o .  60 

2  Meat  platters,  16" 1 .00 

3  Pepper  shakers  (small)  aluminum o  .60 

1  "        shaker  (large)  0 .  60 

12  Plates,  9" 2  .  50 

12  Table  knives  (retinned) 1 .  80 

12       "      spoons  "         o .  50 

2  Water  pitchers 1  •  50 

2  Syrup         "        1 -So 

12  Soup  bowls,  5" 2-50 

12  Sauce  dishes,  5" x  • 8o 

2  Sugar  bowls,  6" 1  •  50 

Total  value  tableware $22  .40 

Say $25 . 00 

19 16  Scale  of  Costs. 

1926  would  be  approx.  twice  as  much. 

Cooking  Utensils 

jtem  Approximate  Valu 

1  Butcher  knife     10" $1 .  00 

2  "         knives    8" I-00 

1        "         knife     18"  (steel) 1  •  00 

1  Bread  board °  •  5° 

2  Basting  spoons,  14"  (retinned) o  .  20 

2  Berlin  kettles,  10  quart  (aluminum) 3  •  00 

■,       •'            "           6      "                "            4-00 

1       "            "5      "                "            I0° 

1       "            "          4      "                             I0° 

3  Bowls,  10"  diameter  earthenware 1  •  SO 

4  Buckets,  10  quart  galvanized  iron I  •  50 

1  Coffee  boiler,  i>$  gallon,  gray  enamel o . 70 

!       "           "3  quart  (aluminum) 10 .00 

2  Carving  forks,  wire  (3  prong) 0.30 

I  Cake  turner  (retinned,  perforated)  . : 0  .  10 

3  Can  openers . °  ■  |o 

1  Collander,  9"  (aluminum) 1  •  »o 

1  Dishpan,  17  quart  (retinned) 0  .  /  5 

1         "        ,14      "                        00° 

3  Dippers,  1  pint                "         °  •  \° 

1  Drip  pan,  9"  Xi  1"  °H      . 

1     "        »    I0"XI2"  "  °-2l 

1     "        "    ii"Xi6"  "  02S 

12  Dish  towels •• 20° 

1  Egg  beater  (family  size) 0.15 

2  Frying  pans,  13"  diameter  steel °  •  °5 
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1  Prying  pan   1  i^j  "  diameter  steel 0  .  25 

1  Flour  sieve  (tin)  2  quart 0.20 

2  Funnels   (large) 0  .  40 

2  "         (small) o .  10 

1  Grater 0.10 

1  Jar  for  bread  yeast,  3  gallon o.  75 

1  Iron  griddle,  20"  X  12"  cast  iron 2  .  50 

1  Meat  saw 1 .  80 

1       "      chopper 0 .  so 

1       "      grinder 1 .  50 

1       "      cleaver,  8" 1.50 

1  Milk  pan,  6  quart  (retinned) 0.50 

3  Paring  knives o  .  40 

12  Pie  tins 2  .  25 

1  Quart  cup  (retinned) o .  30 

1  Rolling  pin,  2^8"  X  10%" 0.15 

1  Stove  pot 2.10 

1  Skimmer  (aluminum) 0.25 

2  Soup  ladles,  3"  diameter 0  .  40 

3  Serving  pans,  12"  diameter  white  enamel 1 .  75 

4  "            "        7"       .  "              "            "       1-75 

1  Tea  pot,  1  gallon  white  enamel o .  60 

1  Cook  stove,  6  hole  range,   18"  X  18"  X  12"  oven, 

top  26"  X  31"  (30"  high),  weight  approx.  250  lb.  25.00 

Total  cooking  utensils $77  .  75 

Say ?8o  .  00 

1016  Scale  of  Costs. 

1926  would  be  approx.  twice  as  much. 

Hardware 

Item  Approx. 

Value 

4  Axes,  3^  lb $6 .  00 

4      "      i)4  lb.  with  sheath  (hand)   5  .  00 

6  Axe  handles 2  .  00 

2  Brush  hooks  or  machetes 3  .  00 

I  Cold  chisel,  small,  6" o.  10 

1  Carborundum  stone 1.20 

1  Claw  hammer,  standard.  16  oz o .  80 

4  Camp  beaters  with  5  joints  nestible  pipe  (Sibley)  16.00 

2  Files,  mill  bastard,  8" 0 .  50 

1  Hasp 0.50 

5  Oil  lanterns  iH"-iM"."wick  Stalit" 5  .00 

3  Gasoline  lanterns,  "Quicklite" 17.00 

2  Picks,  railroad 2  .  50 

2  Pick  handles 1 .  60 

1  Pliers,  7"  lineman's 1 .  10 

5  Piece  nestible  stove  pipe  for  cooking  stove 1 .05 

1  Screw  driver,  18" 0.40 

3  Sheath  blocks  C.  I.,  >4"  or  $i"  rope 3  .  00 

2  Shovels,  sharp  pointed,  long  handles 2  .  50 

1  Saw,  4',  one  man  in  case 3  .  20 

2  Sledges,  8  lb 2  .  50 

6  "         handles 2 .  40 

1  Saw,  26",  7  point,  No.  7  Diston 1  .  80 

4  Stove  pipe  protectors,  asbestos^ 9 .  00 

1  Tool  grinder,  No.  6  American 

6  Boxes  tacks,  carpet,  8  oz o .  50 

Nails,  8d  and  2od 1 .  00 

3  Balls  twine 0.50 

2  Tubs,  24"  diameter  galvanized  iron 2  .  50 

1  Whetstone o .  10 

1  Washboard  brass,  io^"  X  nH" 0.60 

4  Washbasins,  enameled  ware 1  .00 

100'  Wire  baling 0.25 

1  Wedge,  splitting,  No.  5  Truckee 1 .  10 

1  Wrench,  monkey,  8" 1 .  00 

$96.70 
Say $100.00 

1916  Scale  of  Costs. 

1926  would  be  approx.  twice  as  much. 
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Tents,  Tables,  and  Miscellaneous 

Item  Approx. 

Value 

2  Tents,  14'  X  16' $180.00 

3  "       10'  X  12' 110.00 

1  Tent,  7'  X  9' 20.00 

1  Kitchen  table  (see  Figure  87,  page  442) 15  .00 

1  Canvas  mess  table  (see  Figure  88,  page  443) 25  .00 

3  Equipment  chests  (see  Figure  86,  page  440) 40.00 

1  Mess  box  with  padlock 5  .  00 

1  Lantern  box  (see  page  440) 5  .  00 

2  Lunch  baskets 3  .  80 

6  Canvas  chairs 6 .  00 

4  "        saddle  bags 16 .  00 

4  "        note  book  shoulder  bags 6 .  00 

2  "        water  bags,  2^  gal 2  .  50 

3  Canteens,  2  qt.  with  webbing  and  strap 5  .  00 

ioo'  W  rope 1 .  00 

48  Clothes  pins o .  20 

1  Alarm  clock 2 .  50 

2  Scrub  brushes,  iH"  X4" 0 .  25 

125'  W  rope 4.00 

5  Yards  oil  cloth,  white 1 .  40 

2  Brooms 1.60 

1  Spring  balance,  50  lb o .  40 

1  Sailmaker's  palm  with  needles,  twine  and  wax  ....  1 .65 
I  Shoemaker's    outfit    containing    semi-steel,    stand, 

2  lasts  and  pegging  awl 2  .  00 

12  Hand  towels. 2  .  50 

1  Medicine  chest  with  remedies 30  .  00 

S486.80 
Say , $500  .  00 

1916  Scale  of  Costs. 

1926  would  be  approx.  twice  as  much. 

Depreciation  on  Camp  Equipment 

Table  ware $  25 .  00 

Hardware 100 .  00 

Cooking  utensils 80 .  00 

Tents,  etc 495.00 

Total $700.00 

1916  Scale  of  Costs. 

1926  would  be  approx.  twice  as  much. 


Allowing  for  ordinary  wear,  accident,  loss  etc.,  this  equipment  i 
probably  good  for  3  years.  Allowing  50  miles  of  survey  pe 
season  for  each  party,  which  is  a  fair  average,  the  equipment  i 
good  for  150  miles  of  survey,  or  at  the  rate  of  $4.50  per  mile,  whic 
is  a  reasonably  close  charge  for  the  use  of  camp  equipment  on  surve 
work  of  this  character. 


RATION  LIST 

Table   142. — Survey  Party 
Ration — (one  man  one  day) 
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Article 


Unit 


Quantity 


Fresh  meat 

Cured  meat 

Lard 

Flour 

Corn  meal 

Baking  powder 

Sugar 

Coffee 

Tea 

Butter 

Dried  fruit 

Rice,  beans  or  hominy 

Potatoes 

Salt 

Flav.  extracts 

Spices 

Milk,  condensed 

Canned  fruits 

Vegetables  (fresh  or  canned). 

Syrup 

Pickles 

Eggs 

Breakfast  foods 

*Miscellaneous  cost 


pounds 


ounces 


cans 


pounds 


nos. 
pounds 


o.  70 
0.30 
o.  14 
o.  70 

0.05 

0.02 

0.35 
0.05 

O.OI 

o.  14 

o.  10 

10 

00 

04 
03 


0.05 

0.40 

0.18 

0.50 

0.06 

0.03 

O.08 


*  Miscellaneous  includes,  crackers,  yeast,  chile  powder,  soda,  salad,  oil, 
itsup,  chocolate,  lemons,  soap,  sapolio,  candles,  matches,  oil,  and  wood, 
n  allowance  of  2H  cts.  per  ration  should  easily  supply  these  items. 

Note. — Fresh  milk  may  be  substituted  for  condensed  at  a  rate  of  1  qt. 
>r  one  can. 

Cost  of  Ration. — The  cost  of  feeding  one  man  per  day,  including 
Dok's  salary,  based  on  5000  man-day  rations  in  191 8  on  western 
lountain  location  surveys  averaged  $1.30. 

Preliminary  Investigation  Outfit 
Where  one  man  is  traveling  alone  on  foot  and  will  be  out  of 
>uch  with  habitation  for  a  day  or  so  at  a  time  a  simple   outfit 
irried  in  a  knapsack  or  pack  basket  will  serve  very  satisfactorily. 

1  Waterproof  canvas  sleeping  bag $15 .  00 

1  Light  belt  ax 1 .  00 

1  Small  fry  pan 0.25 

1  Cup  with  long  handle  for  heating  water.  . .        o.  25 

Knife,  fork,  and  spoon 0.50 

Matches  in  bottle  or  waterproof  case o.  10 

Small  emergency  food  supply 2 .  00 

Personal  supplies 

Canteen  in  arid  regions 
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This  whole  pack  will  not  weigh  over  30  lb.  and  can  be  easil} 
carried. 

Camp  Drafting  Equipment  (if  desired). — Camp  equipment  i: 
listed  on  page  900. 

Survey  Methods. — The  chief  of  party  should  precede  the  men  t< 
the  work  and  go  over  the  entire  line  as  outlined  in  the  preliminary 
investigation  report,  picking  out  his  camp  sites  and  making  al 
necessary  arrangements  for  transportation  of  camp  equipmen 
and  supplies.  He  should  also  mark  the  base-line  location  for  2  0 
3  miles  so  that  when  the  party  arrives  there  will  be  no  dela; 
in  making  camp  and  starting  the  line  work. 

First  Stage  of  Survey 

a.  Tracing  the  location. 

b.  Running  base  line. 

c.  Running  bench  levels  and  base-line  profile. 

a.  Locating  Line. — This  work  is  done  by  the  locating  engineei 
who  considers  all  the  principles  of  grade,  alignment,  etc.,  discusse* 
in  Chapter  II.    In  high  altitudes  he  pays  particular  attention  t 


LEGEND. 

Area  of  Snor/ April  /— 

Area  of  Snow  Mayl~ 
Area  of  Snort  June  J~ 


Note. — This  map  shows  that  it  is  advisable  to  keep  on  the 
north  side  of  Buck  Creek  and  the  west  side  of  Wind  River  from 
the  standpoint  of  avoiding  snow.  It  also  shows  that  the  Pass  was 
open  by  June  1st. . 


Fig.  290. 
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avoiding  bad  snow  conditions  which,  in  general,  means  avoiding 
north  exposure  as  much  as  possible.  Very  often  he  can  be  helped  in 
this  part  of  the  problem  by  making  a  snow  map  the  spring  preceding 
the  survey.  This  is  done  by  sketching  in  the  areas  where  snow 
lies  at  different  dates,  say  Apr.  1,  May  1,  June  1.  When  furnished 
with  a  map  of  this  kind  he  avoids  the  areas  of  late  snow  where 
possible.  Lacking  a  definite  investigation  for  snow  conditions  the 
best  available  local  data  should  be  obtained  from  hunters,  etc. 

The  different  trial  lines  are  traced  with  an  Abney  level  in  open 
country  and  a  combination  of  Abney  level  and  aneroid  in  timbered 
country.  The  line  that  he  decides  to  adopt  is  marked  at  sufficiently 
close  intervals  either  by  blazing  trees  or  tall  stakes  with  flags  on 
them,  so  that  the  base  line  party  will  have  no  difficulty  in  following 
the  correct  location.  This  work  must  be  kept  far  enough  ahead 
of  the  base  line  party  so  that  there  is  no  danger  of  the  work  of 
the  main  party  becoming  worthless  by  the  line  getting  into  a  loca- 
tion which  has  to  be  abandoned  and  relocated. 

When  working  on  a  ruling  grade  the  line  should  be  traced  down 
trill  from  the  highest  point  on  the  route.  When  working  on  a  rui- 
ng grade  the  line  in  the  field  should  always  be  traced  at  a  less  rate 
3f  grade  than  the  maximum  allowed;  that  is,  if  the  maximum 
2;rade  is  set  at  7%  the  locator  should  trace  his  line  on  a  6%  or  6% 
abrade  in  order  to  give  the  designer  a  little  leeway  for  economical 
variations  from  the  field  grade  and  yet  keep  within  the  maximum 
rate.  When  working  on  portions  of  the  route  requiring  less  than 
:he  ruling  grade  it  makes  no  difference  in  which  direction  the  line  is 
traced  so  long  as  the  base  line  is  run  in  one  direction  with  con- 
:inuous  stationing. 

b.  Base  Line. — The  base  line  follows  the  marked  route  of  the 
ocation.  It  is  a  chained,  transit  line  marked  on  the  ground  by 
itakes  at  least  every  ioo'  well  driven  and  marked  with  crayon 
^Stay-on-All)  with  the  station  or  plus  of  each  stake.  Stakes  are 
placed  at  each  point  on  the  line  where  a  profile  shot  or  cross-section 
.vill  be  required  and  should  be  well  made  and  well  driven  so  that 
:hey  will  remain  in  place  at  least  3  years.  The  transit  points 
angle  points)  are  marked  with  well-driven  hubs  with  tack  center- 
ng;  every  third  or  fourth  transit  point  should  be  permanently 
md  carefully  referenced  by  both  azimuth  and  distance  (see  sample 
lotes).  The  angles  in  the  line  are  determined  by  transit  readings 
md  the  bearings  of  the  courses  are  recorded  by  azimuth,  using  true 
lorth  as  the  zero  azimuth.  The  use  of  true  north  as  the  reference 
ine  in  these  surveys  is  desirable  on  account  of  permitting  a  check 
>n  the  accuracy  of  the  transit  work  at  any  time,  on  account  of 
etracing  a  lost  line,  and  on  account  of  right-of-way  descriptions 
n  localities  laid  out  on  the  U.  S.  land  system.  The  methods  of 
letermining  true  meridian  by  Polaris  and  solar  observations  are 
:xplained  (pp.  912  to  932).  In  fairly  flat  or  rolling  topography 
he  base  line  should  follow  the  center  line  of  the  proposed  improve- 
nent  exactly  and  all  curves  at  tangent  intersections  should  be  run 
n  the  field.  It  has  been  found  from  experience  that  for  the  topo- 
graphic conditions  mentioned  the  field  men  can  pick  the  best 
ocation  in  easy  country  and  also  that  where  the  center  line  is  actu- 
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ally  run  and  staked  that  it  simplifies  the  work  of  cross-sectioning, 
the  office  design  and  the  staking  for  construction. 

On  side-hill  locations,  however,  or  any  kind  of  difficult  work 
experience  has  shown  that  the  field  men  cannot  pick  an  exact 
center  line  which  will  be  economical  in  design  and  that  under  these 
conditions  it  is  a  waste  of  time  and  money  to  run  in  curves.  Under 
these  conditions  the  base  line  is  run  as  a  series  of  tangents,  keeping 
as  close  to  the  probable  center  line  as  possible  and  using  short 
tangents  in  going  around  any  natural  features  that  will  require 
a  sharp  curve  in  the  finished  road.  Later  when  the  cross-sections 
are  taken  they  must  be  extended  far  enough  from  the  fine  to  allow 


Fig.  291. 

the  designer  to  shift  the  center  line  from  the  base  line  as  far  as  h< 
desires  as  well  as  varying  his  vertical  grade  from  the  field  grade 
This  requires  considerable  extra  work  in  cross-sectioning,  as  wil 
be  taken  up  later,  but  is  well  worth  while,  as  in  difficult  country  £ 
paper  location  is  always  more  economical  to  construct  than  a  fiek 
location. 

Bench  Levels. — Ordinary  engineers  spirit  level  work,  readinj 
turning  points  to  nearest  o.oi'.  Benches  are  figured  to  neares 
o.oi'  in  elevation  (see  sample  notes,  Fig.  293). 

Permanent  benches  should  be  established  at  least  every  ^  miL 
and  preferably  at  ^-mile  intervals.  The  datum  for  the  level 
should  be  referred  to  U.  S.  Geological  Survey  datum  if  possible 
or  lacking  this  reference  a  datum  can  be  assumed,  but  in  any  cas< 
the  method  of  arriving  at  the  elevation  of  the  initial  bench  marl 
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50  100  150  200  250 

Distance  in  feet  measured  along  the  curve  from  the  P.C.  orP.T. 


The  following  instructions  accompany  the  chart: 
In  measuring  up  to  the  P.  L,  leave  temporary  markers  at 
nough  points  so  that  the  line  of  the  tangent  can  be  readily  lo- 
cated by  eye.  From  the  newly  located  P.  I.  turn  off  the  desired 
deflection  angle.  Determine  the  degree  of  curve  necessary  to 
it  the  conditions  from  the  external  and  tangent  length  and  take 
"rom  table  the  tangent  and  length  of  curve,  and  record  the  station 
of  the  P.C.  and  P.T.  Make  the  curve  correction  for  difference  in 
length  of  the  sum  of  the  tangents  and  distance  on  the  curve  at 
the  P.I.,  and  start  measurements  along  next  tangent,  leaving 
temporary  markers  up  to  the  P.T.  of  the  curve.  To  lay  out 
:urve,  start  at  the  station  or  plus  station  near  the  P.C.  and 
measure  along  the  curve,  using  standard  chord  lengths,  and 
using  the  offsets  from  tangent  as  read  from  chart,  which  increases 
is  the  distance  from  the  P.C.  or  P.T.  increases. 

To  be  useful  a  chart  of  this  kind  should  be  drawn  to  a  larger 
scale  than  we  can  reproduce  in  a  handbook  of  this  size  and  this 
has  been  inserted  more  to  show  a  convenient  method  than  for 
ictual  use.  In  the  same  manner  a  chart  can  be  prepared  for  short 
radii  curves  from  40'  radius  to  150'  radius  that  is  very  useful  in 
mountain  road  location. 

Fig.  292. 
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hould  be  fully  explained  in  the  notes.  The  computations  of  level 
lotes  should  be  made  in  the  field  and  checked  each  night. 

Profile  Levels. — These  levels  also  act  as  a  check  on  the  bench 
evels  and  therefore  require  an  independent  line,  preferably  run  in 
he  opposite  direction.  The  turns  are  read  to  the  nearest  0.01' 
nd  the  profile  ground  elevations  of  the  base  line  to  the  nearest 

1'.  In  case  there  is  no  radical  difference  in  the  two  lines  of 
evels  (bench  and  profile)  the  profile  levels  are  corrected  to  agree 
vith  the  bench  levels  at  each  bench  and  carried  ahead  on  the  bench 
levations.  This  is  done  so  that  there  will  be  no  cumulative  differ- 
nce  in  the  levels.     An  error  of  o.i'  in  running  between  benches 

allowable  (see  Fig.  294  for  sample  profile  level  notes).  Level 
omputations  should  be  figured  and  checked  each  night  and  a  pencil 
>rofile  plotted  for  the  convenience  of  the  locator. 

Second  Stage  of  Work 

a.  Cross-sections. 

b.  Topography. 

c.  Drainage. 

d.  Classification  of  materials. 

e.  Field  drafting. 
a.  Cross-sections. — Cross-sections    are     the     most    important 

art  of  the  detail  work  on  survey.  The  tendency  is  to  slight  this 
art  of  the  work,  as  it  is  tedious  and  uninteresting.  The  author 
as  seen  so  much  trouble  experienced  in  the  office  design  due  to 
^adequate  cross-section  field  work  that  he  wishes  to  emphasize  the 
mportance  of  taking  wide  enough  sections,  particularly  where  a 
aper  location  is  contemplated. 

In  level  country  where  center  line  is  exactly  run,  30'  each  side 
f  the  center  line  is  enough. 

In  hilly  country  on  side  slopes  averaging  250  where  the  center  line 
:  exactly  located,  60'  each  side  of  the  line  is  enough. 

Where  the  center  line  is  not  exactly  located  the  engineer  must 
se  his  judgment  but,  as  a  rule,  it  is  not  safe  to  use  less  than  100' 
ach  side  of  the  line  and  care  must  be  taken  that  they  are  taken 
xactly  at  right  angles  to  the  line. 

For  switchback  turns  or  where  a  large  variation  from  the  survey 
ase  line  is  probable,  a  careful  stadia  survey  is  desirable. 

In  flat  country,  cross-sections  are  taken  with  the  engineer's  level, 
3d,  and  metallic  tape  in  a  similar  way  to  the  methods  described 
1  the  first  of  this  chapter  for  high-class  improvements. 

In  rough  country  they  are  generally  taken  with  a  hand  level, 
3d,  and  tape  and  each  section  is  referred  to  the  profile  ground 
levation  of  the  base  line  (see  sample  notes,  Fig.  295).  The  abso- 
lte  elevation  of  each  point  is  figured  from  the  base-line  ground 
levation.  This  is  important,  as,  while  it  entails  more  field  corn- 
utation,  they  can  be  done  at  night,  and  by  the  use  of  the  absolute 
levations  the  office  and  design  work  is  made  simpler,  cheaper, 
nd  more  accurate.  Experience  has  demonstrated  that  the 
lethod  of  absolute  elevations  for  cross-sections  is  much  superior 
nd  cheaper  in  the  end  than  relative  elevations.     In  very  rough 
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country  transit  stadia  cross  sections  are  the  cheapest  and  mos 
reliable  preliminary  survey  method. 

Cross-sections  are  taken  at  all  breaks  in  the  profile  and  in  uniforr 
topography  at  least  every  ioo'  and  preferably  at  shorter  intervals 
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Fig.  295 A. 


Special  cross-sections  are  taken  for  all  drainage  crossings 
show  the  skew  angle  of  the  proposed  structure  (see  Fig.  295A) 
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Cross-section  notes  should  be  computed  and  checked  each  night. 

b.  Topography. — Taken  in  the  same  manner  as  previously 
escribed  (see  sample  notes,  Fig.  296). 

c.  Drainage.— Field  drainage  notes  on  new  locations  must  be 
etailed  and  specific,  as  the  recommendations  determine  the  office 
esign  absolutely;  there  is  no  possibility  of  the  designer  checking 
ae  conclusions. 

Such  notes  should  be  made  personally  by  the  chief  of  party  and 
tiould  indicate  exactly  where  he  wants  the  culverts  or  bridges 
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aced  and  the  size  of  opening  of  the  structure.  He  uses  the 
rinciples  discussed  in  the  chapter  on  Drainage,  and  determines 
le  size  of  waterway  either  from  the  physical  evidence  of  high  water 
•  from  the  area  of  the  drainage  basin.  Areas  can  be  run  out  by 
iced,  hand  compass  traverses,  determining  the  divide  lines  with 
hand  level,  or  can  be  plotted  directly  in  the  field  on  a  small  9 

15"  plane  table. 

The  type  of  structure,  as  log,  corrugated  pipe,  concrete  box,  etc., 
lould  be  stipulated  for  each  structure,  as  the  field  man  is  the  only 
le  who  can  decide  on  the  best  type,  considering  the  local  materials 
at  are  available. 

d.  Classification  of  Material. — The  classification  of  material 
is  a  marked  effect  on  office  design  and  should  be  handled  by  the 
lief.     The  expenditure  of  considerable  time  and  money  is  justified 

determining   the   subsurface   conditions   within   the   probable 
nits  of  proposed  excavation  where  there  is  reason  to  believe  that 
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solid  rock  will  be  encountered.  This  is  done  by  bar  soundings  anc 
test  pits.  Where  the  soil  contains  a  large  percentage  of  boulders 
bar  soundings  are  of  little  value.  As  a  rule,  it  is  impracticable  t( 
determine  more  than  a  general  classification  for  the  largest  part  o 
the  distance  unless  rock  outcrops  show  on  the  surface. 

e.  Field  Drafting. — The  field  drafting  should  be  confined  U 
special  problems  desired  by  the  chief  and  should  only  be  dom 
where  there  is  doubt  as  to  whether  sufficient  field  data  have  beei 
obtained  for  the  office  design. 

Complete  design  in  the  field  is  costly  and  is  rarely  as  satisfactory 
as  office  design.     Camp  is  no  place  for  careful  design. 

Location  Survey  Reports. — A  report  should  be  worked  up  as  th 
survey  progresses.     The  object  of  this  part  of  the  record  is  to  mak 
it  possible  for  a  man  not  personally  familiar  with  the  ground  t< 
make  a  reasonable  design.     It  should  include  all  information  of 
general  or  special  nature  not  shown  in  the  survey  notes  such  as 

i.  A  description  of  the  general  topography. 

2.  A  description  of  alternate  locations  and  the  reasons  in  deta; 
for  the  selection  of  the  route  surveyed. 

3.  A  statement  of  the  portions  of  the  line  where  the  surve; 
alignment  should  be  rigidly  adhered  to  and  an  undulating  grade  usee 

4.  A  statement  of  the  portions  of  the  line  where  the  alignmeD 
can  be  shifted  to  fit  a  grade  contour  and  a  ruling  grade  adhered  t( 

5.  The  portions  of  the  line  where  both  line  and  grade  can  b 
varied  in  the  final  design. 

6.  Snow  conditions  and  how  bad  exposure  is  avoided  or  why  : 
cannot  be  avoided. 

7.  Special  designs  to  fit  unusual  conditions. 

8.  Special  designs  utilizing  supplies  of  nearby  local  materials. 

9.  Photographs  to  illustrate  special  features  or  to  give  a  genen 
idea  of  conditions. 

Determination  of  True  North. — The  simplest  method  of  dete: 
mining  the  true  meridian  is  by  observation  on  Polaris  at  elongatioi 
For  all  practical  purposes  fairly  close  results  can  be  obtained  b 
observation  on  Polaris  or  the  sun  at  any  time.  The  followin 
tables  and  explanation  of  simple  methods  are  quoted  or  briefe 
from  the  Manual  of  the  U.  S.  Geodetic  Survey  on  Magnetism  an 
the  determination  of  the  true  meridian,  and  the  Metro  Manuj 
of  the  Bausch  &  Lomb  Optical  Co. 

Meridian  by  Polaris  at  Elongation. — For  all  practical  roa 
survey  purposes  a  determination  of  the  meridian  to  the  neares 
minute  of  angle  is  sufficiently  close.  For  %  hr.  before  elongatio 
to  a  half  hour  after  elongation  the  azimuth  of  Polaris  does  not  var 
over  30  sec.  of  angle,  which  gives  plenty  of  time  for  check  determine 
tions,  and  the  element  of  exact* standard  time  is  of  little  importano 

DETERMINATION  OF  THE  TRUE  MERIDIAN 

Because  of  the  irregular  distribution  of  the  earth's  magnetisn 
only  an  approximate  value  of  the  magnetic  declination  can  be  give 
for  a  place  at  which  it  has  not  been  determined  by  observatioi 
When  a  more  accurate  value  is  needed  the  true  meridian  must  t 
determined,  as  the  declination  is  the  angle  between  the  true  meridia 
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and  the  magnetic  meridian.  This  may  be  done  by  observations  of 
the  sun  or  Polaris.  Five  methods  will  be  explained,  three  involving 
the  use  of  a  surveyor's  transit  and  two  requiring  no  instrumental 
equipment. 

With  care  the  methods  involving  the  use  of  surveyor's  transit 
should  give  the  true  meridian  within  1  min.  of  arc,  the  other 
methods  within  2  or  3  min.,  an  accuracy  ample  for  ordinary  compass 
surveys. 

a.  With  a  Plumb  Line  and  Peep  Sight. — (1)  By  observations  of 
Polaris  at  elongation;  (2)  by  noting  when  Polaris  and  another  star 
are  in  the  same  vertical  plane. 

b.  With  a  Surveyor's  Transit. — (3)  By  observations  of  Polaris 
at  elongation;  (4)  by  observations  of  Polaris  at  any  hour;  (5)  by 
observations  of  the  sun. 

As  a  result  of  the  rotation  of  the  earth  about  its  axis,  Polaris,  like 
other  stars,  appears  to  move  in  a  circle  about  the  pole  of  the 
heavens.  It  is  said  to  be  at  culmination  when  it  is  in  the  vertical 
plane  defined  by  the  observer  and  the  pole  (upper  culmination  when 
it  is  above  the  pole)  and  at  elongation  when  it  reaches  its  extreme 
easterly  and  westerly  positions  with  respect  to  the  pole.  At  cul- 
mination its  apparent  motion  is  nearly  horizontal,  from  east  to  west 
at  upper  culmination  and  from  west  to  east  at  lower  culmination. 
At  elongation  its  apparent  motion  is  nearly  vertical,  upward  at 
eastern  elongation  and  downward  at  western  elongation. 

The  azimuth  of  Polaris  is  the  angle  at  the  observing  station 
between  the  vertical  plane  through  the  pole  and  the  one  through  the 
star.  For  a  short  time  before  and  after  elongation  there  is  prac- 
tically no  change  in  the  azimuth  of  Polaris  and  that  time  is  usually 
selected  for  observing  it  for  the  purpose  of  determining  the  true 
meridian. 

Approximate  Method  No  I 

Observations  of  Polaris  at  Elongation.— Attach  the  plumb  line 
to  a  support  situated  as  far  above  the  ground  as  practicable,  such 
as  the  limb  of  a  tree  or  a  piece  of  board  fastened  to  a  telegraph  pole 
or  a  building,  affording  a  clear  view  in  a  north  and  south  direction. 

The  plumb  bob  may  consist  of  any  heavy  material,  a  brick  or  a 
piece  of  iron  or  stone  weighing  4  or  5  lb.  serving  to  keep  the  plumb 
line  straight  and  vertical  as  well  as  one  of  turned  and  finished  metal. 

Strongly  illuminate  the  plumb  line  just  below  its  support  by  a  flash 
light  or  lantern,  care  being  taken  to  obscure  the  source  of  light  from 
the  view  of  the  observer. 

For  a  peep  sight  nail  two  strips  of  tin  or  thin  board  with  straight 
edges  to  a  squared  block  of  wood  so  that  they  will  stand  vertical 
about  MV'  apart  when  the  block  rests  on  a  horizontal  surface. 

Provide  a  rest  for  the  peep  sight  at  a  convenient  height  above  the 
ground,  at  such  a  distance  south  of  the  plumb  line  that  when  viewed 
through  the  peep  sight  Polaris  will  appear  about  a  foot  below  the 
support  of  the  plumb  line.  The  top  of  this  rest  must  be  level  and 
large  enough  to  allow  for  sliding  the  peep  sight  east  or  west.  The 
position  of  the  rest  should  be  fixed  by  trial  the  night  preceding  that 
set  for  observations,  and  it  should  be  firmly  secured  in  the  proper 
position. 
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About  30  min.  before  the  time  of  elongation,  as  given  in  Tal 
143,  bring  the  peep  sight  into  trie  same  line  of  sight  with  the  pluD 
line  and  Polaris. 

The  star  will  move  off  the  plumb  line  to  the  east  as  it  approach 
eastern  elongation;  to  the  west  for  western  elongation.  Move  t 
peep  sight  to  the  west  or  east,  as  the  case  may  be,  keeping  it  in  li 
with  the  star  and  the  plumb  line,  until  the  star  appears  stationai 
thus  indicating  that  it  has  reached  elongation.  The  peep  sight  k 
then  be  secured  in  place  by  a  clamp  or  weight  and  further  operatic 
will  be  deferred  until  daylight. 

By  daylight  place  a  slender  rod  at  a  distance  of  200  or  300'  fro 
the  peep  sight  and  exactly  in  range  with  it  and  the  plumb  line;  car 
fully  measure  this  distance.     (Text  continued  on  Page  918.) 

Table  143. — Local    Civil    Time    of    Upper    Culmination  i 
Polaris  in  the  Year  193  i 
Computed  for  900,  or  6  hours  west  of  Greenwich 


Date 


Civil  time 
of  upper 
culmina- 
tion 


Varia- 
tion per 
day 


Date 


Civil  time 
of  upper 
culmina- 
tion 


Varia 

tion  p 

day 


h. 

Jan.  1 18 

Jan.  ri 18 

Jan.  21 17 

Jan.  31 16 

Feb.  10 16 

Feb.  20 15 

Mar.  2 .  14 

Mar.  12 14 

Mar.  22 13 

Apr.  1 12 

Apr.  11 12 

Apr.  21 11 

May  1 11 

May  11 10 

May  21 9 

May  31 9 

June  10 8 

June  20 7 

June  30 7 


m.   s. 

54  26 
14  56 

35  25 

55  54 
16   24 

36  55 
57   27 

18  00 
38  36 
59    14 

19  54 
40  36 
01  21 
22  06 
42  54 
03  44 
24  34 
45  27 
06   19 


m. 

s. 

-3 

57 

-3 

57 

-3 

57 

-3 

57 

-3 

57 

-3 

57 

—  3 

57 

—  3 

57 

-3 

56 

—  3 

56 

-3 

56 

-3 

56 

-3 

56 

-3 

55 

-3 

55 

—  3 

55 

-3 

55 

-3 

55 

-3 

55 

July  10 

July  20 

July  30 

Aug.  9 

Aug.  19 

Aug.  29 

Sept.  8 

Sept.  18 

Sept.  28 

Oct.  8 

Oct.  17 

Oct.  27 

Nov.  6 

Nov.  16 

Nov.  26 

Dec.  6 

Dec.  16 

Dec.  26 

Jan.  5,  1932. 


h.  m.  s. 
6  27  12 
5  48  OS 
5  08  57 
4  29  50 
3  50  41 
3  11  31 
2    32    21 

1  S3  10 

I  'J  57 
0  34  42 
23  55  25 
23  16  07 
22  36  47 
21  57  25 
21  18  01 
20  38  35 
19  59  08 
19  19  40 
18  40  10 


m.  s. 

-3  5 
-3  5: 
-3  5: 
-3  5. 
-3  5. 
-3  5. 
-3  5. 
-3  S! 
-i  S< 
-3  5< 
-3  V 
-3  5' 
-3  5' 
-3  5' 
-3  S 
-3  5 
-J  5 
-3  5 


Table  143A.— Mean  Time  Interval  between  Upper 
Culmination  and  Elongation 


Lati- 
tude 


10 
15 
20 
25 
30 


Time  in- 
terval 


Lati- 
tude 


Time  in- 
terval 


Lati- 
tude 


h.    m. 


58.2 
57-9 
57-4 
57-0 
56.5 


35 
40 

42 
44 
46 


Time  in- 
terval 


m. 

56.1 

48 

55-4 

50 

55-2 

52 

54-9 

54 

54-6 

56 

Lati-     Time" 
tudc  I    tern 


h.  m. 
5  52- 
5  Si- 
5  Si- 
5  50- 


0 

m. 

54-3 

58 

53-9 

60 

S3. 6 

62 

53-2 

64 

52.8 

150°  135* i|20°  1O50 


90° 


75' 


30° 
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Footnote  for  Tables  143,  143.4. 


ern  elongation  precedes  and  western  elongation  follows  uppe; 
ation  by  the  time  interval  given  in  Table  143A.  Lowei 
ation  precedes  or  follows  upper  culmination  by  nh  58m.o. 
;ild  be  noted  that  there  are  two  upper  culminations  on  one 
October  (15th  in  1931)  and  two  lower  culminations  in  April 
n  1 931).  There  are  also  two  western  elongations  on  one  day 
lary  and  two  eastern  elongations  on  one  day  in  July. 
0  Refer  the  Times  in  Table  143  to  Other  Years. — 


m. 

p  to  Mar.  1 . . .  .   add  1 .  5 
i>n  and  after  Mar.   1 

subtract  2 . 4 
subtract  o  8 
.  .  .  add  o .  8 
.  .  .   add  2 . 4 


ip  to  Mar.  1 . 


add  4.0 


m. 
1936,  on  and  after  Mar.    1 

add  o . 1 

1937 add  1 .8 

1938 add  3.5 

1939 add  5.2 

1940,  up  to  Mar.  1 add  6 . 8 

1940,   on   and   after   Mar. 
1 add  2 . 8 


Refer  to  Other  Than  the  Tabular  Days. — Subtract  from  the 
the  preceding  tabular  day  the  product  of  the  variation  per 
d  the  days  elapsed,  as  given  below : 


Variation  per 

day 

Days 
elapsed 

Variation  per 

day 

3m  57s 

3m  56s 

3m 

55s 

3m 

57s 

3m  56s 

3m 

55s 

m.  s. 

m.  s. 

m. 

s. 

m. 

s. 

m.   s. 

m. 

s. 

3   57 

3   56 

3 

55 

6 

23 

42 

23  36 

23 

30 

7    54 

7    52 

7 

50 

7 

27 

39 

27   32 

27 

25 

11    51 

11    48 

11 

45 

8 

3i 

36 

31    28 

31 

20 

15   48 

15   44 

15 

40 

9 

35 

33 

35    24 

35 

15 

19  45 

19  40 

19 

35 

Refer  to  Any  Other  Than  the  Tabular  Longitude  (900). — Add 
■  each  io°  east  of  the  ninetieth  meridian  or  subtract  oP1.!  for 
0  west  of  the  ninetieth  meridian. 

>  Refer  to  Standard  Time. — Add  to  the  quantities  in  Table  143 
nutes  for  every  degree  of  longitude  the  place  of  observation 

j  of  the  standard  meridian  (6o°,  750,  900,  etc.).     Subtract 

liie  place  is  east  of  the  standard  meridian. 


I  e  144  was  computed  using  the  mean  declination  of  Polaris  for 
){mning  of  each  year.  A  more  accurate  result  will  be  obtained 
n  lying  to  the  tabular  values  the  following  corrections,  which 
1  on  the  difference  between  the  mean  and  apparent  place  of 
t . 


nth 


Correc- 
tion 


Month 


Correc- 
tion 


Month 


Correc- 
tion 


iy.. 

ry. 


0.6 
0.5 

■0.4 
0.2 


May  .  . 
June  .  . 
July  . .  . 
August 


0.0 

+  0. 1 

+  0.1 

0.0 


September 
October.  .  . 
November 
December. 


—  0.2 
-0.4 
-*>-7 

-  9 
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(Text  continued  from  Page  914.) 

Find  from  Table  144  the  azimuth  of  Polaris  for  the  year  of  obser 
vation  and  the  latitude  of  the  place. 

Find  from  the  table  on  page  918  the  natural  tangent  of  this  angli 
and  multiply  it  by  the  distance  from  the  peep  sight  to  the  rod.  Tin 
product  will  be  the  distance  to  be  laid  off  from  the  rod,  to  the  wes 
in  the  case  of  eastern  elongation,  or  to  the  east  for  western  elongation 
to  a  point  which  with  the  peep  sight  will  define  the  direction  of  th( 
true  meridian  with  a  fair  degree  of  accuracy.  Set  a  stake  at  thl 
point  and  another  exactly  below  the  deep  sight,  if  the  meridian  i: 
needed  for  future  use. 

Natural  Tangent  of  Angles  from  i°  00'  to  i°  50' 


Angle 


Tan-      A„„iJ    Tan- 
gent     An^lei    gent 


Angle 


Tan- 
gent 


Angle 


Tan- 
i    gent 


Angle 


Tan- 
gent 


I  00  0.01746 

01  jo. 01775 

02  jo. 01804 

03  0.01833 

04  0.01862 

05  0.01801 

06  0.01920 

07  [0.0X949 

08  O.O1978 

09  O.02007 
i  10  io.  02036 


100.02036 
II 0.02066 

120.02095 

130.02124 
140.02153 

150.02182 
160.02211: 
170.02240 
180.02269 
190.02298 

20'0. 02328,: 


20  0  .02328 
2l!o. 02357 
220  .023861 
23  0.02415 
24O.O2444' 

25  0.02473 
260.02502 
270.02531: 
28  0.02560 
290.02589 
300.026l9! 


30  0 
310 
320 
33  0 
340 

35  0 

36  0 
370 
380 

39  0 

40  0 


.02619 
.O2648 
.02677 
.02706 
02735 

.O2764' 

.02793 

.02822 

.02851 

.028811; 

,029I0J| 


400  .02910 
410.02939 
42O.O2968 
43  0.02997 
44O .03026 

45  0.03055 
460.O3084 

47  0.03U4 

48  0.03143 
490.03172 
500.03201 
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Method  No    2 

Noting  When  Polaris  and  Another  Star  are  in  the  Same  Ver- 
tical Plane. — For  places  north  of  latitude  350,  the  true  meridian  may 
be  determined  by  taking  advantage  of  the  fact  that  two  bright  stars 
in  the  northern  heavens  across  the  meridian  on  opposite  sides  of  the 
pole  only  a  few  minutes  before  Polaris.  These  stars  are  the  ones 
known  as  Zeta  ($* )  Ursae  Majoris  or  Mizar  and  Delta(5)  Cassiopeiae. 
Their  positions  in  the  constellations  are  shown  in  the  accompanying 
diagram  page  920. 

Select  that  one  of  the  two  stars  which  at  the  time  of  the  year  when 
observations  are  to  be  made  passes  the  meridian  below  the  pole. 
When  the  star  passes  the  meridian  above  the  pole  it  is  too  near  the 
zenith  to  be  used.  Delta  Cassiopeiae  is  on  the  meridian  below  the 
pole  at  midnight  about  Apr.  10,  and  is,  therefore,  the  proper  star  to 
use  at  that  date  and  for  3  months  before  and  after.  For  the  other 
6  months  of  the  year  Zeta  Ursae  Majoris  will  be  the  proper  star  to 
use.  In  the  long  days  of  June  and  July  the  lower  culmination  of 
both  stars  occurs  during  daylight,  so  that  the  method  cannot  be 
used. 

Using  the  apparatus  described  under  Observations  of  Polaris  at 
Elongation,  keep  the  peep  sight  in  line  with  the  plumb  line  and 
Polaris  until  the  selected  star  also  appears  upon  the  plumb  line. 
Carefully  note  the  time  when  this  occurs.  Then,  by  moving  the 
peep  sight,  continue  to  preserve  its  alignment  with  Polaris  and  the 
plumb  line  (paying  no  further  attention  to  the  other  star).  At 
the  expiration  of  12.5  min.  (in  1922)  Polaris  will  be  on  the  meridian 
and  the  peep  sight  and  plumb  line  will  then  define  a  true  north  and 
south  line,  which  may  be  permanently  marked  for  future  use.  For 
each  year  subsequent  to  1922  the  interval  increases  approximately 
half  a  minute. 

As  the  pole  distance  of  Delta  Cassiopeiae  is  350  and  that  of  Zeta 
Ursae  Majoris  is  400,  this  method  cannot  be  used  for  the  southern 
part  of  the  United  States  where  the  stars  are  below  the  horizon  at 
lower  culmination.     See  page  920  for  Star  diagram. 

Usual  Method  No.  3 

Observations  of  Polaris  at  Elongation. — With  a  surveyor's 
transit  the  true  meridian  may  be  determined  by  observing  Polaris 
at  elongation  as  follows: 

Select  a  station  for  observing  which  affords  a  good  view  of  the 
northern  sky  and  with  the  ground  clear  for  at  least  100  yd.  to  the 
north. 

If  the  station  is  to  be  used  for  determining  the  magnetic  declina- 
tion, care  should  be  taken  to  have  it  well  removed  from  electric 
car  lines,  buildings,  and  other  possible  sources  of  disturbance.  If 
a  meridian  line  is  to  be  established  for  future  use,  the  ends  should 
be  placed  so  that  they  may  be  protected  from  disturbance. 

Mark  the  observing  station  in  a  suitable  manner;  for  example, 
by  a  stone  post  with  a  drill  hole  in  the  top,  set  firmly  in  the  ground. 
Be  sure  the  transit  is  in  perfect  adjustment  (see  page  853). 

About  30  min.  before  the  time  of  elongation  of  Polaris,  derived 
from  Table  143,  set  up  the  transit  with  its  vertical  axis  exactly 
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over  the  station  mark  and  carefully  level  the  instrument.  It  is 
essential  that  the  transverse  axis  of  the  telescope  be  horizontal. 
This  should  be  tested  in  the  daytime  by  pointing  on  the  vertical 
edge  of  a  house  and  noting  whether  the  vertical  cross-wire  continues 
to  coincide  with  the  edge  of  the  house  as  the  telescope  is  turned  in 
altitude. 

Illuminate  the  cross-wires  by  the  light  from  a  bull's-eye  lantern 
or  a  pocket  flashlight  directed  obliquely  into  the  object  end  of  the 
telescope  by  an  assistant. 

Point  the  telescope  at  the  star  and  clamp  the  horizontal  circle. 
Keep  the  star  covered  by  the  vertical  cross-wire  by  means  of  the 
tangent  screw  of  the  vernier  plate,  until  a  point  is  reached  where  it 
appears  to  move  up  or  down  along  the  wire  without  moving  away 
from  it,  thus  indicating  that  elongation  has  been  reached. 

Depress  the  telescope  to  the  horizontal  position;  about  100  yd. 
north  of  the  instrument  drive  a  stake  and  mark  a  point  on  its  top 
exactly  coincident  with  the  vertical  wire  of  the  telescope.  This  will 
require  a  second  assistant  and  light.  Turn  the  vernier  plate  1800 
and  again  set  the  vertical  wire  on  the  star,  clamp  the  horizontal 
circle,  depress  the  telescope,  and  mark  another  point  on  the  stake. 
The  point  midway  between  the  two  marks,  with  the  point  under  the 
instrument,  will  define  on  the  ground  the  vertical  plane  through 
Polaris  at  its  eastern  or  western  elongation,  as  the  case  may  be. 

Near  elongation  the  azimuth  of  the  star  changes  very  slowly,  not 
more  than  o'.i  in  the  10  min.  before  or  after  elongation  in  the 
United  States,  so  that  there  is  plenty  of  time  to  make  the  second 
pointing  after  reversal,  if  there  is  no  unnecessary  delay. 

By  daylight  lay  off  the  proper  angle  taken  from  Table  144,  to  the 
east  for  western  elongation  and  to  the  west  for  eastern  elongation, 
and  place  a  suitable  marker  to  mark  the  north  end  of  a  meridian 
line  of  which  the  station  marker  will  be  the  south  end.  The  angle 
should  be  measured  both  before  and  after  reversal,  as  in  the  case 
of  the  star. 

Method  No.  4 

Observations  of  Polaris  at  Any  Hour. — The  methods  thus  far 
described  have  the  great  advantage  that  an  accurate  knowledge 
of  the  time  is  not  required,  but  they  are  not  always  convenient, 
as  the  elongation  or  culmination  of  Polaris  does  not  always  come 
at  a  convenient  time  for  observing  and  the  star  may  happen  to 
be  obscured  just  at  that  time. 

The  true  meridian  may  be  determined  to  the  nearest  minute  of 
arc  by  observations  of  Polaris  at  any  hour  when  the  star  is  visible, 
provided  the  local  mean  time  is  known  within  1  minute,  as  in  the 
extreme  case  when  Polaris  is  at  culmination  its  azimuth  changes  i' 
of  arc  in  about  2  minutes  of  time  in  latitude  500,  and  i'  of  arc  in 
about  3  minutes  of  time  in  latitude  200.  The  standard  time  can 
usually  be  obtained  at  a  telegraph  office  or  directly  by  radio  from 
the  signals  sent  out  from  observatories.  From  this  the  local  mean 
time  may  be  derived  by  subtracting  4  min.  of  time  for  every  degree 
of  longitude  west  of  the  standard  time  meridian  for  the  place  of 
the  observation  (see  page  914  for  time  zones)  or  adding  4  min.  for 
every  degree  east  of  the  standard  meridian. 
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The  selection  and  marking  of  the  observing  station  and  the 
idjustment  of  the  theodolite  will  be  done  as  in  the  case  of  observa- 
:ions  of  Polaris  at  elongation.  As  the  observations  are  to  be  made 
;vhen  the  azimuth  of  the  star  is  changing,  it  will  be  preferable  to 
arovide  an  azimuth  mark,  such  as  a  light  showing  through  a  slit 
n  a  box,  and  make  a  series  of  measures  of  the  angle  between  the 
nark  and  the  star.  The  light  used  to  illuminate  the  cross-wires 
)f  the  telescopes  may  be  used  also  in  reading  the  horizontal  circle. 

Begin  by  pointing  on  the  mark  and  reading  the  horizontal  circle. 
Point  on  the  star,  record  the  exact  time  and  the  reading  of  the  circle. 
Turn  the  vernier  plate  1800  in  azimuth  and  again  point  on  the  star, 
recording  the  time  and  circle  reading  as  before.  Finally,  point  on 
he  mark  again  and  read  the  circle.  The  number  of  pointings  in  a 
set  may  be  increased  or  additional  sets  may  be  taken  to  secure 
greater  accuracy.  The  azimuth  of  Polaris  for  the  local  mean  time 
)f  observation  will  be  derived  from  Table  145  in  the  manner 
explained  below. 

The  following  example  explains  the  use  of  the  table  and  the 
ierivation  of  the  hour  angle  of  Polaris: 


Position,  latitude  360  20'  N.,  longitude  8o°  07'. 5  or  5h  20m  30s  W.  of  Green- 

vich. 

Time  of  observation,  July  10,  1923,  standard  (75th  meri-  h.      m.     s. 

dian)  mean  time 8      52      40  p.  m. 

deduction  to  local  time —      20     30 


Local  mean  time 8  32  10 

Reduction  to  sidereal  time  (table  3,  American  Ephemeris)  -j-  01  24 

sidereal  time  mean  noon,  Greenwich,  July  10,  1923 7  09  33 

Correction  for  longitude  5h  20m  303   (table  3,  American 

Ephemeris) +  00  53 

Local  sidereal  time 15     44     00 

apparent  right  ascension  of  Polaris,  July  10,  1923 1      33     47 

Hour  angle  before  upper  culmination 9     49     47 

Declination  for  which  Table  145  applies 83      53      23 

Apparent  declination,  July  10,  1923 £3      53      19 

Decrease  in  declination 06 

\zimuth  from  Table  14s  (interpolated)  .....        o       44-0 
Correction    for    6"    decrease    in    declination, 
table  on  page  927 +  o  .  1 

Computed  azimuth o       44 . 1  east  of  north. 


It  is  to  be  remembered  that  Polaris  is  east  of  the  meridian  for  1 2 
ir.  before,  and  west  of  the  meridian  for  12  hr.  after,  upper 
:ulmination. 

Without  the  American  Ephemeris  the  table  may  be  conveniently 
lsed  for  obtaining  the  true  meridian,  in  connection  with  Table  143 
giving  the  approximate  mean  times  of  culminations  of  Polaris. 
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Time  of  observation,  July  10,  1923,  standard  (75th  meri- 

b.  m.  s. 

dian)  mean  time 8  52  40  p.  m 

Reduction  to  local  mean  time —  20  30 

Local  mean  time 8     32      10 

Local  mean  time  of  upper  culmination  of  Polaris  (Table 

143  and  A) 18     20      18 

Mean  time  of  observation  before  upper  culmination     9     48     08 
Reduction  to  sidereal  time -+-      01      38 

Hour  angle  before  upper  culmination 9     49     46 

Declination  for  which  Table  145  applies  ....    88     53      25 
Declination  July  15,  1923 88     53      19 

Decrease  in  declination 06 

o  / 

Azimuth  from  Table  14s o       44.0 

Correction    for    6"    decrease    in    declination, 

table  on  page  927 -f  0  . 1 

Computed  azimuth o       44 . 1  east  of  north. 


Tables  are  generally  given  in  books  on  surveying  for  reducin; 
mean  solar  to  sidereal  time,  but  for  this  computation  it  is  nea 
enough  to  consider  the  correction  io8  an  hour,  as  the  stars  gain  ver; 
nearly  4  min.  on  the  sun  each  day.1 


Table  145  is  taken  from  the  American  Ephemeris  for  192; 
and  was  computed  for  a  declination  of  Polaris  of  88°  53'  25".  Fo 
other  declinations  the  corrections  given  in  the  following  tabl 
should  be  applied.  The  correction  is  very  nearly  proportiona 
to  the  azimuth  and  amounts  to  a  decrease  of  o'.o.  in  azimuth  for  a: 
increase  of  declination  of  1'  for  an  azimuth  of  6o'.  The  abov 
declination  is  very  nearly  a  mean  value  for  the  year  1922,  th 
declination  varying  during  the  year  as  follows: 


January  15 88  53  35  July             15 88  53  o 

February  15 53  33  August        15 53  o 

March  15 53  26  September  15 53  i< 

April  15 53  17  October       15 53  2 

May  15 53  08  November  15 53  3; 

June  15 53  03  December  15 53  4 


The  annual  increase  in  declination  of  Polaris  is  about  16". 
1  The  sidereal  correction  always  increases  the  hour  angle. 
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Correction  to  Tabular  Azimuths  for  Other  Declinations 


Azimuth. . 
Declination: 

O  I  II 

88  53  25.. 

S3  30. . 

53  35  •• 

53  40.. 

53  45.. 

53  50.. 

53  55.- 

54  00.. 
54  05.. 
54  10.. 
54  IS-- 
54  20.. 
54  25.. 


40' 


60'         8o'         100'       120 


0.0 
0.0 
0.0 
0.0 


0 

—  o 
0 
o 
0, 
0.3 
0  3 
0.4 
0.4 
0.5 
0.5 
0.6 

-0.6 


0.0 

—  0.1 
0.2 
0.2 
0.3 
0.4 
0.5 
0.5 
0.6 
0.7 
0.8 
0.8 

-0.9 


0.0 
■0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 


0.0 

•0.1 
03 
0.4 
0.5 
0.6 
0.8 


1.4 
1.5 


0.0 
—  0.2 
0.3 
0.5 
0.6 
0.8 
0.9 

1 .1 

1 .2 
1.4 
1-5 
1.7 

-1.8 


xMethod  No.  5 

Solar  Meridian  by  Direct  Observation  with  an  Ordinary  Transit. 

Where  the  method  of  Polaris  at  elongation  is  not  used,  direct 
solar  observation  is  the  most  convenient  method  of  meridian 
determination,  as,  while  it  involves  more  computation  and  intro- 
duces more  chances  of  error,  the  work  can  be  done  during  daylight 
hours  and  the  accuracy  that  can  be  attained  (within  01 '  of  arc)  with 
the  usual  facilities  is  close  enough  for  all  practical  purposes  of 
ordinary  surveys. 

There  are  a  number  of  different  forms  of  the  fundamental 
formulas  governing  the  determination;  the  following  form  has  found 
considerable  favor: 


tan2  y2A 


sin  [S  -  (qo°  -  alt.)]  sin  [S  -  (oo°  -  lat.)] 
sin  S  sin  [S  —  (900  —  dec.)] 


In  the  formula,  A  is  the  angle  of  the  sun  from  the  true  north 
measured  to  the  right  in  the  morning  and  to  the  left  in  the  afternoon. 

S  is  one-half  the  sum  of  (900  —  the  observed  altitude  of  the  sun 
corrected  for  refraction)  plus  (900  —  the  latitude  of  the  point  of 
observation)  plus  (900  —  the  declination  of  the  sun  at  the  time  of 
observation). 

Note. — Notice  carefully  the  sign  of  the  declination.  A  south 
declination  is  a  —  declination  which  would  make  the  expression 
(900  —  (—  south  declination))  =  900  +  south  declination. 

A  solar  ephemeris  from  which  the  sun's  declination  is  found  is 
necessary  for  the  computations.  All  instrument  makers  publish 
small  pocket  editions  each  year  which  can  be  obtained  from  them 
for  10  cts. 

An  ordinary  well-regulated  watch  set  for  standard  time  at  the 
nearest  telegraph  office  serves  for  the  time  determination  on  which 
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the  sun's  declination  depends  and  any  good  transit  with  vertical 
circle  can  be  used  for  observing  the  horizontal  angle  and  altitude  of 
the  sun,  but  observers  are  cautioned  that  it  must  be  in  good  adjust- 
ment and  the  observer  must  work  with  reasonable  care. 

If  standard  time  is  not  available,  mean  local  time  can  be  deter- 
mined by  observation,  as  explained  later  on  page  930. 

The  latitude  of  the  point  of  observation  can  generally  be  deter- 
mined closely  enough  from  U.  S.  Geological  Survey  maps  or  Land 
Office  maps,  and  if  these  are  not  available  can  be  determined  by 
observation  as  explained  on  page  929. 

Longitude  for  standard  time  correction  can  be  taken  from  any 
good  map.  If  these  are  not  available,  determine  local  mean  time 
by  observation. 

Considering  all  the  different  sources  of  error,  time,  latitude  and 
obseryed  altitude  the  best  time  of  day  to  make  the  observation  is 
between  9  and  10  a.  m.  and  between  2  and  3  p.  m. 

Table  146  gives  the  correction  for  observed  altitude  due  to  atmos- 
pheric refraction.  This  correction  is  always  minus  as  the  sun 
always  appears  to  be  higher  than  it  actually  is. 


Table  146. — Mean  Refractions  Due  to  Altitude 
Barometer  30",  Thermometer  5o°F. 


App. 
Alt. 


Ref. 


App. 
Alt. 


Ref. 


App. 
Alt. 


Ref. 


App. 

Alt. 


Ref. 


9'  46' 
8'  23' 
7'  20' 
6' 30' 
5'  49' 


10 

12° 

14= 
i6c 
i8c 


5'  16' 
4'  25' 
3' 47' 
3' 19' 
2'  56' 


20 

25° 

3°° 
35° 
40° 


2' 37 
2' 03' 
i' 40' 

i'  22' 

i'oq' 


50^ 

6oc 
7oc 
8oc 
90c 


48' 

33' 

21' 

io' 

o' 


A  Table  of  Semidiameters  of  the  Sun 

Jan.  1,  i6'i8"  Apr.  1,  i6'o2"  July  1,  is'46"  Oct.  1,  i6'oi' 
Feb  i,  it' it"  May  i,  is'54"  Aug.  1,  is'48"  Nov.  1,  ib'og" 
Mar.  1,  i6/io'/     June  1,  is'48"      Sept.  1,  i5'53"      Dec.  1,  i6'i5' 


Effect  of  Errors  in  Latitude  and  Declination  on  Meridiai 
Determination. — It  is  well  to  bear  in  mind  the  effect  of  wronj 
latitude,  or  time  (which  affects  the  declination),  on  your  meridiai 
computations. 

Table  147  prepared  by  Prof.  J.  B.  Johnson  of  Washington  Uni 
versity,  St.  Louis,  Mo.,  reprinted  in  the  Metro  Manual  of  th< 
Bausch  &  Lomb  Optical  Co.,  shows  the  effect  of  error  in  latitude  anc 
declination  for  different  latitudes  and  different  hours  in  the  day. 
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Table  147. — Errors  in  Azimuth  (by  Solar  Observation)  for  i' 
Errors  in  Declination  and  Latitude 


For  1  Min.  Error  in 
Declination 

For  1  Min.  Error  in 
Latitude 

Hour 

Lat.     Lat. 

300    1   400 

1 

Lat. 
50° 

Lat. 
6o° 

1  '  " 
Lat. 
30° 

Lat. 
400 

Lat. 
50° 

Lat. 
6o° 

11 .30  A.  M. 
12.30  P.  M. 
11 .00  A.  M. 

1 .00  P.  M. 
10.00  A.  M. 

2.00  P.  M. 

9.00  A.  M. 

3  .00  P.  M. 

8.00  A.  M. 

4.00  P.  M. 

7.00  A.  M. 

5.00  P.  M. 

6.00  A.  M. 

6.00  P.  M.  j 

Min. 
8.85 

4.46 

2.31 

1.63 

1-33 

1 .20 

1. 15 

Min. 
10.00 

5. 04 

2.61 

1.85 
1. Si 
1-35 
1. 31 

Min. 
11 .92 

6.01 

3. 11 
2  .20 
1 .80 
1. 61 

156 

Min. 

14.07 
7.68 
4.00 
2.83 
2.31 
2.07 
2.00 

Min. 
8.87 

4-31 
2  .00 
1. 15 
0.67 
0.31 
O.OO 

Min. 
992 

4.87 
2.26 
1. 31 
o.75 
o.35 
0.00 

Min. 
11.82 

5-8i 

2.69 

1.56 

0.90 

0.42 

0  .00 

Min. 
13.56 

6.37 
346 
2  .00 
i-i5 
0.54 
0.00 

Stated  simply,  this  means  that,  if  the  observations  are  taken 
etween  9  and  10  o'clock  as  recommended,  for  the  most  unfavor- 
ble  conditions  of  fast-changing  declination  an  error  of  time  of  15 
lin.  will  result  in  an  error  of  01'  of  arc  on  the  meridian  computations. 

It  is  well  to  check  the  latitude  by  observation  unless  your  loca- 
ion  is  well  fixed  on  a  very  reliable  map.  A  simple  method  of  lati- 
ude  determination  is  quoted  from  the  Metro  Manual  of  the  Bausch 
:  Lomb  Optical  Co. 

LATITUDE  DETERMINATIONS 

"Latitude  may  be  variously  determined  by  observing  the  transit  of  a  star, 
y  a  mean  altitude  of  Polaris,  or  by  a  direct  observation  on  the  altitude  of 
le  sun  at  apparent  noon. 

"Owing  to  the  earth's  annual  motion  in  its  orbit,  the  sun  changes  his 
osition  along  the  ecliptic  with  respect  to  the  stars  at  a  not  altogether  uni- 
irm  rate,  so  that  some  solar  days  are  either  longer  or  shorter  than  others. 

"For  the  reason  that  a  chronometer  could  not  con- 
eniently  be  made  to  change  its  speed  to  suit  this  solar 
henomenon,  there  has  been  established  a  uniform  sys- 

m    of  time    called    'mean  solar  time.'   The  difference 

stween  mean  noon,  when  the  sun  should  be  on  the 
leridian,  and  apparent  noon  when  the  sun  actually  is 
1  the  meridian,  is  called  the  'Equation  of  Time.'  The 
ibular  corrections  will  be  found  in  the  Ephemeris  tables. 

"Thus,  in  early  November  the  sun  has  passed  the 
leridian  more  than    16  min.  before  mean  noon.     It  is 

ways  well  to  begin  latitude  observations  some  20  min. 
sfore  local  noon,  although  there  will  be  seasons  of  the 
par  when  the  sun  will  not  attain  its  greatest  altitude  until 
'ter  local  noon. 

"Standard  time  will  also  qualify  the  argument,  but  this  should  be  studied 
at  by  reference  to  the  map  on  page  914.  In  western  Texas,  for  instance, 
aservations  need  not  begin  until  nearly  1  o'clock  standard  time;  whereas  in 
rie,  Pa.,  they  should  begin  shortly  after  11. 

"Procedure. — Follow  up  the  lower  limb  of  the  sun,  and  when  the  maximum 
titude  is  found  add  the  sun's  semidiameter,  as  given  on  page  928,  to  the 

ading  on  the  vertical  circle;  subtract  correction  for  atmospheric  refraction, 


Fig.   29S. 
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as  figured  by  interpolation  from  the  table  (p.  928),  and  correct  this  result  t 
the  sun's  declination,  adding  if  south  and  subtracting  if  north.  The  fin 
result  is  the  colatitude  or  the  polar  distance  (oo°  —  latitude)." 

To  find  the  latitude  subtract  the  colatitude  from  qo°,  i.e.,  latituc 
=  900  —  colatitude. 

Time. — In  case  telegraphic  standard  time  is  not  availab 
determine  the  meridian  by  Polaris  at  elongation  and  then  the  mea 
local  time  can  be  obtained  by  the  transit  of  Polaris  across  the  mer 
dian  by  referring  to  Table  143  (p.  914)  or  by  the  apparent  sun  tin 
when  it  crosses  the  meridian  at  noon  connected  to  mean  time 
given  in  the  Ephemeris  referred  to  on  page  927  which  can  1 
obtained  from  any  instrument  maker. 

SOLAR  MERIDIAN  BY  DIRECT  OBSERVATION,  PRO- 
CEDURE, AND  EXAMPLE  OF  COMPUTATION 

Procedure. — An  ordinary  transit  with  one-half  vertical  circle  : 
good  adjustment  will  give  satisfactory  results,  although  it  is  coi 
venient  to  have  a  machine  with  a  full  vertical  circle  and  a  mask* 
prismatic  eyepiece  for  direct  observation. 

When  using  an  ordinary  transit  remove  the  cap  from  the  eyepie< 
and  then  by  focusing  the  eyepiece  and  objective  lenses  correct 


£ 


U 
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Observation  No.l.,      No.2.,  No.3.,  No. 4. 

a  sharp  well-defined  image  of  both  cross-wires  and  sun  can  be  pr 
jected  onto  a  piece  of  white  paper  held  a  few  inches  back 
the  eyepiece.  The  vertical  and  horizontal  angles  to  the  sun  a 
then  be  read  by  bringing  the  image  of  the  sun  tangent  to  tl 
image  of  the  vertical  and  horizontal  wires  simultaneously  and  tl 
time  recorded.  Two,  four,  or  six  observations  are  made  as  rapid 
as  possible  with  the  image  of  the  sun  alternately  in  opposi 
quadrants  and  the  average  time,  average  vertical  angle,  and  averaj 
horizontal  angle  used  in  the  computations. 

Example. — Solar  meridian  observations  at  Lima,  Ohio,  Jan.  1 
1918. 

Average  time  of  four  observations,  2.42  p.  m.  Central  Standai 
time. 

Average  horizontal  angle  (mark  to  sun) 1320  22'  oc 

Average  vertical  angle  to  sun 160  37'  oc 

Longitude  of  Lima 840  07'  oc 

Latitude  of  Lima 400  45'  oc 

Observed  altitude  of  sun 160  37'  oc 

Refraction  correction — ■    3'  oc 

Corrected  altitude 160  34'  oc 

Latitude > 400  45'  oc 

Declination  at  time  of  observation S.    200  34'  3c 
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Declination  Computation. — Observed  standard  time  (central  90th 

neridian)  2.42  p.  m.     Lima  is  50  53'  east  of  the  90th  meridian.     To 

jet  the  correct  local  mean  time  add  to  the  recorded  time  4  min. 

or  each  degree  of  longitude  east  of  the  90th  meridian  or  4  X  5.9° 

23.6  min.  (say  24  min.). 

Correct  local  mean  time  of  observation  3.06  p.  m. 

Take  from  the  Ephemeris  the  sun's  declination  at  Greenwich 
nean  noon  of  Jan.  18,  1918  =  S.  200  38.9'. 

Lima  is  840  07'  west  of  Greenwich,  or  its  mean  local  time  is  5  hr. 
:nd  36  min.  earlier,  that  is,  the  local  mean  time  of  Lima  at  Green- 
rich  mean  noon  is  6.24  a.  m.  and  the  sun's  declination  for  6.24  a. 
n.  Lima  local  mean  time  is  S.  200  38.9'. 

The  declination  is  decreasing  at  the  rate  of  30"  per  hour.  The 
ime  of  observation  3.06  p.  m.  local  mean  time  is  8  hr.  and  42  min. 
iter  than  6.24  a.  m.  and  the  declination  for  the  time  of  observation 

therefore : 

Declination  at  6.24  a.  m.  Lima         =  S.  200  38.9' 
8.7  hr.  X  0.5'  (30"  hourly  change)  =      —     4.3' 
Decimation  at  time  of  observation  =  S.  20°  34.6' 

=  S.  200  34'  36" 
Say  =  S.  200  34'  30" 

It  should  be  remembered  that  a  south  declination  is  a  minus 
•eclination.     Be  careful  of  your  signs  in  the  following  formula: 
applying  the  formula 

ton 2  V A  =  sin  Is  ~  ^9Q°  ~  alt.)]  sin  [S  -  (90°  -  lat.)] 
m     /2  sin  S  sin  [S  -  (900  -  dec.)] 

_  (900  -  i6°34/)  +  (9o0-4o°  45')  +  (90°  -  (  -  200  34'  33")) 


2 
73°  26' +  49°  15' +  no°34'3o" 


=  "6°  37' .45' 


2 

S  -  (9o°-alt.)  =43°  11'  45" 
5  -  (900  -  lat.)  =  670  22'  45" 
S  -  (900  -  dec.)  =    6°  03'  15" 
log  sin  430  1 1'  45"  =   9.835  3697 

log  sin  670  22'  45"  =   9.965  2348 

colog  sin  (1800  -  1160  37'  45")  6f  22'  15"      =   0.048  6988 
colog  sin  6°  03'  15"  =   0.976  8768 

log  tan2  \^A  —  2  20.826  1801 

log  tan    }/2,A  =  0.413  0900 

V2A  =  68°  52'  45" 

A  =  137°  45'  30" 

As  the  observation  was  in  the  afternoon  the  angle  between  the 
un  and  true  north  is  13  70  45'  30"  to  the  west  of  north.  The 
zimuth  from  the  instrument  to  the  sun  is  therefore  3600  —  13 70 

5    30      =    222^    14    30    . 

The  true  azimuth  from  the  instrument  to  the  mark  is  therefore 
220  14'  30"  -  1320  22'  =  890  52'  30". 
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To  mark  the  true  meridian  on  the  ground  turn  off  an  angle  of  85 
52'  30"  to  the  left  from  the  reference  mark  used  in  the  observation. 

The  Ross  Meridiograph. — If  much  meridian  work  is  being  don 
it  will  pay  to  obtain  the  Ross  Meridiograph,  which  graphicall 
solves  the  solar  meridian  to  the  nearest  minute.  It  is  quick  an 
simple  to  use  and  eliminates  the  one  drawback  of  the  direct  observ; 
tion,  namely,  the  extended  computations. 

STADIA  MEASUREMENTS 

An  expert  instrumentman  with  a  first-class  transit  can  get  more  a 
curate  results  in  rough  country,  providing  the  atmospheric  conditio) 

are  steady,  by  the  use  of  the  stad 
method  of  measurement  than  by  tl 
ordinary  chaining  of  the  average  surv< 
gang.  The  author  has  for  a  number 
years  worked  under  a  restriction  of 
closure  of  less  than  5  .o'  to  the  mile,  whit 
is  better  than  can  be  attained  by  ore 
nary  chainmen  in  hard  topograph 
The  method  is  quick  and  reliable  and 
to  be  preferred  in  open  country.  Chai 
ing  is  to  be  preferred  in  heavy  cutti 
or  where  curves  must  be  run  in. 

For  an  ordinary  tangent  prelimina 
survey  the  stadia  method  is  very  sat 
factory.  To  get  good  results,  howev 
the  observer  should  be  expert.  T 
ordinary  garden  variety  of  instrumei 
man  cannot  use  stadia  successfully; 
should  check  his  main  line  by  both  ba 
and  foresight  readings.  He  must  ke 
his  instrument  in  first-class  shape  a 
must  use  a  rod  with  a  fairly  broad  face  with  clear  distinctive  mai 
ings;   this   rod   must  be  held  steady  and  vertical,  which  can 


A 
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Elevation 


Fig.  299. — Sketch  of  cir- 
cular plumbing  level  for 
stadia  rods. 


Fig.  300. 

accomplished  by  the  use  of  a  small  universal  circular  level  attacr 
to  the  rod,  and  steadiness  can  be  secured  by  a  short  hand  i 
(about  4'  long)  that  the  rodman  uses  as  a  shifting  brace. 
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The  transit  must  be  steady,  must  have  a  first-class  lense,  and 
must  be  equipped  with  fixed  stadia  wires.  Adjustable  stadia 
wires  are  worthless  if  good  work  is  required  Distances  between 
hubs  should,  as  a  rule,  not  exceed  500  to  6oo'  for  close  line  measure- 
ments, but  side  slots  can  be  taken  up  to  1500'. 

The  essential  elements  of  the  theory  of  stadia  measurement  are 
briefly  as  follows: 

The  measurement  depends  on  the  optical  angle  of  the  stadia  wires. 
This  angle  is  governed  by  the  distance  apart  of  the  stadia 
wires.  The  rod  intervals  A  and  A'  subtended  between  the  stadia 
wires  are  directly  proportional  to  the  distances  b  and  V  from  the 
apex  of  the  optical  angle.  The  apex  of  this  optical  angle  is  always 
a  certain  fixed  distance  in  front  of  the  instrument  and  is  different 
for  different  makes  of  transit.  Call  this  distance  C,  which  can  be 
determined,  as  later  explained,  by  test  or  is  generally  noted  in 
instructions  furnished  by  the  instrument  maker.  The  actual 
rod  interval  as  read  by  the  observer  is  therefore  proportional  to 

I 

t   Level  Line  of 

L_-%**. 


->jc  k- 100 >K- 100'— ~>j< 100'-  -  ->\ 

Fig.  301. 

the  distance  from  a  point  ahead  of  the  instrument  and  not  from  the 
center  of  the  transit.  For  close  work,  this  distance  C  must  be 
known  and  also  the  rod  interval  per  100'  of  distance  beyond  the 
apex  of  the  optical  angle.  The  rod  interval  per  ioo'  of  distance 
is  desirably  1.0'  but  unless  unusual  care  is  exercised  in  setting  the 
wires  it  is  rarely  exactly  this  value.  To  determine  the  actual  value 
of  this  interval  proceed  as  follows: 

Case  1. — Where  the  value  of  C  is  known. 

Note. — C  generally  ranges  between  0.75  and  1.25'. 

Pick  out  a  level  line  about  800  to  1000'  long.  Drive  a  transit 
hub;  place  a  foresight  picket.  Measure  from  the  transit  hub 
toward  the  foresight  the  distance  C,  which  will  be  assumed  in  this 
case  to  be  1.25',  and  drive  a  hub.  This  hub  represents  on  the 
ground  the  apex  of  the  optical  angle.  From  this  hub  measure 
carefully  with  a  steel  chain  ioo'  and  set  a  hub  on  line  with  the  fore- 
sight and  continue  to  set  points  at  intervals  of  exactly  100'  until 
you  have  a  test  line  800  to  1000'  long. 

Now  level  the  telescope  and  read  the  rod  intervals  when  the 
rod  is  held  on  each  of  the  stakes  and  record  this  interval  to  the 
nearest  fraction  of  a  foot  that  you  are  sure  you  can  actually  see. 
As  the  length  of  sight  increases  it  becomes  less  and  less  possible 
to  determine  the  interval  exactly,  and  when  you  are  not  certain 
of  the  reading  to  a  0.01'  stop  attempting  to  lengthen  the  sight  and 
you  have  practically  determined  the  safe  length  of  sight  for  actual 
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ine  work  that  the  instrument  is  capable  of  handling.  To  deter- 
mine the  rod  interval  record  your  readings  and  take  the  average 
value.     Assume  your  rod  intervals  to  be  as  follows: 


o 

997  " 

-  i  =  0.997 

I 

995'  - 

-  2  =  0.9975 

2 

99'  - 

-  3  =  0.9967 

3 

99;  - 

-  4  =  0.9975 

4 

9«5'  " 

-  5  =  o-997 

5 

97'  - 

-  6  =  0.995 

0 

95'  " 

-  7  =  o-993 

8 

02'   - 

-8  =  1. 002 

This  indicates  that  beyond  500'  the  readings  become  uncertain 
and  that  about  600'  is  the  limit  of  practical  line  sight  for  close 
work.  Good  stadia  work  requires  that  the  instrument  man  is 
perfectly  honest  with  himself  and  recognizes  his  limitation  when 
it  is  reached.  The  rod  interval  per  ioo'  is  therefore  0.997  in  this 
case  and  every  foot  on  the  rod  when  the  line  of  sight  is  level  means 

an  actual  distance  from  the  apex  of  the  optical  angle  of  — '- = 

0.997 

100.3'. 

To  get  the  actual  distance  then  for  a  level  line  of  sight  rod  reading 

of  2.45'  multiply  2.45  X  100.3  =  245.73'. 


k iOO >k -100'- 

Fig.  302. 

Say  245.7'  from  the  apex  of  the  optical  angle  and  the  distance 
from  the  center  of  the  instrument  will  be  245.7'  Pms  the  constant 
C  (1.25)  equals  246.95'  from  the  center  of  the  instrument. 

The  effect  of  the  inclined  line  of  sight  will  be  discussed  later. 

Case  2. — Where  the  constant  C  is  not  known.  To  determine 
the  constant  C  and  the  rod  interval  per  100'  of  distance  beyond 
the  apex  of  the  optical  angle. 

Measure  a  base  line  800  to  1000'  long  placing  hubs  every 
ioo'  and  every  io'  for  the  first  100',  but  measuring  these  distances 
from  the  center  of  the  instrument,  as  C  is  not  known. 

Set  the  transit  up  over  the  first  hub  and  with  a  level  line  of  sight 
read  the  stadia  wire  rod  interval  at  each  of  the  stakes  on  the  line 
which  are  at  actually  measured  known  distances  from  the  center 
of  the  instrument  of  20',  30',  40',  50',  etc.,  and  100',  200',  300',  etc. 
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The  problem  is  to  determine  two  unknown  quantities,  C  the 
xmstant  and  X  (the  rod  interval  per  100'  of  distance  beyond  the 

ipex  of  the  optical  angle).     According  to   Case   1,     '        =  the 

ictual  distance  beyond  the  apex  represented  by  a  rod  interval 
)f  1'.  Therefore  the  constant  C  can  be  determined  from  two 
quations  using  the  actual  rod  intervals  at  two  different  stakes. 
The  constant  C  can  be  most  accurately  determined  by  short  sights 
>o  to  40'  and  the  rod  interval  per  100'  from  the  longer  sights  100 
o  300'.  The  method  is  illustrated  as  follows,  using  rod  readings 
aken  at  points  100'  and  200'  from  the  center  of  the  instrument. 

__/ 
100'  —  C  =  observed  rod  interval  a1  X 


X 

1 .00 


200'  —  C  =  observed  rod  interval  a2  X 

Suppose  the  rod  interval  a1  =  0.9845 
Suppose  the  rod  interval  a2  =  1.9815 

100.0  —  C  —  0.9845-^=- 
Ji. 

200.0  —  C  =  1.9815-=- 

call  (  -^  )  the  symbol  Y. 

100.0  —  C  =  0.9845  Y       Eq.  (1) 
200.0  —  C  =  1.9815F       Eq.  (2) 

100.0  =  0.997  Y       Subtract  Eq. 
(1)  from  (2). 
_  100.00 

0.997 
Y  =  100.3'. 

That  is,  a  1'  rod  interval  equals  100.3'  of  distance  beyond  the  apex 
)f  the  optical  angle. 
To  determine  C,  substitute  this  value  of  Y  in  Eq.  (1). 

100.0  —  C  =  0.9845  X  100.3 
-  C  =  —  100  +  98.75 
C  =  100  —  98.75 
C  =  1.25'. 

Apply  this  principle  to  three  or  four  sets  of  readings  and  take  the 
nean  values. 
You  now  have  the  basic  constants  of  the  instruments  for  close 

NOlk. 

Effect  of  Inclined  Sight  on  Stadia  Readings. — The  previous 
liscussion  is  based  on  a  level  line  of  sight.  It  should  be  borne  in 
nind  that  the  stadia  distance  as  previously  discussed  refers  to  the 
listance  along  the  line  of  sight  when  the  rod  is  perpendicular  to 
:he  line  of  sight. 

In  case  the  line  of  sight  is  inclined,  the  rod  reading  must  be 
orrected   to  a  true  rod  reading  perpendicular  to   the  inclined 
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line  of  sight  and  the  distance  along  the  inclined  line  of  sight  mus 
be  corrected  to  the  true  horizontal  distance. 

Rod  interval  X  cos  A  (angle  of  inclination)  =  corrected  ro< 
interval. 

(Corrected  rod  interval  in  feet  X  actual  distance  value  per  foo 
as  determined  by  test  X  cos  angle  A)  +  (the  constant  C  X  co 
angle  A)  =  corrected  horizontal  distance. 


r-  J.     -I  I       I  <»OI~l 

Corncfrcf     HfttKSE 

Horizontal        }• 

Projection  of  -■'! 


Corrected 

Horizontal 
Distance,    >- ato"? 


r> 


Corrected  Rod  Interval 
Perpendicular  to 
.Line  ofSiqht. 

!  Actual  Rod  Interval. 


'odheJd  Vertically. 


Fig.  303. 

(Corrected  rod  interval  in  feet  X  actual  distance  per  foot  of  ro 
interval  as  determined  by  test  X  sin  of  angle  A)  plus  (constant 
X  sin  angle  A)  =  corrected  vertical  distance. 

All  standard  stadia  reduction  tables  and  diagrams  similar  1 
Table  137  (p.  844),  are  based  on  100'  of  distance  for  1.0  of  ro 
interval  plus  the  constant  of  the  instrument. 

If  much  stadia  work  is  to  be  done  all  instrument  makers  wi 
set  fixed  stadia  wires  guaranteed  to  measure  100'  distance  per  1 


Height  of  Instrument 
above  Hub  5.3' 


HubElevafion 
otTop-5289.26 


Hub  ligation  erf  Top  $230.3 
Fig.  304. 


of  rod  interval  for  the  distance  from  the  apex  of  the  optical  angl< 
and  such  wires  are  generally  sufficiently  close  to  this  standard  s 
that  for  all  practical  survey  work  on  which  stadia  methods  ai 
desirable  no  correction  for  rod  interval  need  be  applied. 

The  following  example  of  reduction  of  stadia  reading  for  carefi 
line  work  will  show  the  method. 

Case  1. — Where  the  stadia  wires  are  guaranteed  to  read  10c 
distance  per  foot  of  rod  interval  and  the  constant  C  =f  1.25'. 
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Procedure. — Measure  the  height  of  the  center  of  the  telescope 
axis  at  the  standards  above  the  top  of  the  transit  hub;  this  is  called 
the  height  of  instrument.     Assume  this,  for  example,  to  be  5.3'. 

To  get  the  vertical  angle  to  the  next  hub  sight  on  the  rod  with 
the  middle  horizontal  wire  set  on  5.3'  on  the  rod  held  on  the  fore- 
sight hub  and  read  the  vertical  angle,  say  +io°  13';  level  the 
telescope  by  the  large  telescope  bubble  and  record  the  index 
error,  say  +o°  01';  the  correct  vertical  angle  is  then  +io°  12'. 

To  get  the  rod  interval  reading  corresponding  to  the  vertical 
angle  of  +io°  12',  sight  on  the  rod  with  the  middle  horizontal 
wire  on  5.3':  then  shift  the  vertical  line  of  sight  so  that  the  lower 
stadia  wire  is  exactly  on  one  of  the  main  rod  divisions  and  read 
the  rod  interval  between  the  two  stadia  wires.  Say  in  this  case 
3.37  or  337'  distance.  Look  in  Table  137  (p.  844),  which  gives  for 
a  vertical  angle  of  io°  12'  the  correct  horizontal  and  vertical  dis- 
tance per  ioo'  of  stadia  reading  as  horizontal  distance  96.86'; 
vertical  difference  in  elevation  17.43'.  The  total  horizontal 
distance  for  the  stadia  reading  of  337'  is  therefore  (337  X  96.86  = 
326.42)  +  (constant  C  X  cos  io°  12')  given  at  bottom  of  page 
in  table  as  1.23)  =  327.65  total  horizontal  distance. 

The  vertical  difference  in  elevation  is  (337  X  17-43'  =  58. 74') 
+  ((constant  C  X  sin  io°  12')  given  at  bottom  of  page  in  Table 
137  as  0.22)  =  58.96'  total  difference  in  elevation.  The  elevation 
of  the  new  hub  is  therefore  5230.3  +  58.96  =  5289.26. 

Case  2. — Where  a  stadia  interval  must  be  corrected  for  poor 
wire  interval. 

Suppose  the  instrument  used  measures  100.3'  for  each  foot  on 
the  rod  and  the  rod  reading  for  a  vertical  angle  of  io°  12'  is  3.36'. 
The  correct  stadia  distance  is  found  by  multiplying  3.36'  X 
100.3  =  337'  in  distance.     Then  proceed  as  in  Case  1. 

Stadia  Rods. — Stadia  rods  can  be  divided  in  innumerable 
ways  and  it  makes  little  difference  what  symbols  are  used  so  long 
as  they  are  clear  and  distinct.  The  principle  of  bisection  for  the 
smallest  readings  is  a  good  system.  The  face  of  the  rods  should  be 
wider  than  the  ordinary  level  rod;  a  width  of  2^  to  3"  is  about 
right.  They  should  have  a  very  brilliant  white  background  and 
jet-black  face  markings  with  large  numbers  for  the  even  feet  mark- 
the  tenths  should  not  be  numbered. 

The  practice  of  special  graduations  to  fit  the  wire  interval  of 
the  instrument  is  not  desirable,  particularly  in  rough  country  where 
rods  are  often  broken. 

A  standard  1.0'  division  is  safer,  as  any  standard  rod  can  then 
be  used. 

The  following  system  of  face  markings  has  been  used  by  the 
author  and  is  given  merely  as  an  example  in  case  the  reader  has  no 
preference  of  his  own. 

The  rods  should  be  as  light  as  possible  with  a  back  brace  to 
prevent  warping  and  provide  hand  holes.  A  length  of  10'  is 
ample  for  all  practical  purposes. 
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Fig.  305. — Stadia  rod. 
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Bridge  Surveys. — The  base  line  for  the  bridge  survey  should  be  i 
very  carefully  measured  line,  correct  to  within  i"  for  the  spanprope; 
and  with  the  hubs  well  referenced.  Direct  steel-tape  measure 
ments  are  preferred,  but  if  this  is  not  feasible  and  triangulatioi 
is  required  two  independent  systems  of  triangulation  should  b( 
usedas  checks  on  each  other.  Steel  tapes  should  be  certifiec 
standard  and  distances  should  be  corrected  for  temperature 
The  topography  along  the  stream  and  adjacent  to  the  bridge  sit< 
can  generally  be  most  easily  and  properly  located  by  carefu 
stadia  survey  methods. 

Enough  data  should  be  obtained  to  permit  the  preparation  of  i 
plan  containing  all  the  information  shown  in  Fig.  305.B.  This 
covers  all  data  in  regard  to  the  location  condition  and  size  of  th< 
existing  structure;  stream  channel  for  a  sufficient  distance  abovt 
and  below  the  proposed  bridge  site  to  cover  all  possible  channe 
improvements  and  to  permit  a  reasonable  bridge  location  layou' 
to  be  made;  foundation  elevations  and  character  of  soil;  high 
and  low- water  elevations;  all  adjacent  topographic  features  anc 
property  owners;  waterway  area  of  adjacent  bridges  and  genera 
type  of  opening  which  has  served  satisfactorily  on  the  stream 
considering  ice  and  debris  jams. 

Ordinary  survey  methods  and  notes  previously  described  wil 
serve  for  this  class  of  survey.  It  is  desirable  to  record  all  stadk 
horizontal  angles  on  the  basis  of  azimuth  angles  (o°  to  360", 
measured  to  the  right  from  the  north  point  or  back  site.  Perma- 
nent benches  must  be  established  correct  in  elevation  to  0.01  '. 


CHAPTER  XIV 
OFFICE  PRACTICE 

Introduction. — Effective  design  is  based  on  the  principle  of  the 
preparation  of  alternate  comparative  designs  in  order  to  pick  the 
most  suitable  or  economical  solution  (see  design  report,  pp.  770  and 
1095).  By  the  use  of  this  method  of  alternate  designs  a  good  engi- 
neer will  reduce  construction  costs  at  least  10  to  20%  below  those 
obtained  by  the  usual  stereotyped  application  of  standards  with 
little  thought  to  the  local  problem.  First-class  office  design  costs 
from  $150  to  $400  per  mile  and  any  effort  to  cut  cost  below  the 
amount  required  for  thorough  design  is  poor  economy,  as  indicated 
by  experience  of  over  20  years. 

Estimates  of  quantities  should  be  liberal  in  order  to  avoid  the 
necessity  of  supplementary  agreements  during  the  progress  of  con- 
struction, but  in  order  not  to  mislead  the  contractor  in  making  his 
bid,  it  is  necessary  for  the  estimate  to  show  the  probable  minimum 
amount  for  each  item  with  a  statement  of  the  amount  allowed  for 
contingencies.  Cost  estimates  should  be  fairly  liberal.  They 
should  never  be  below  an  amount  which  will  insure  a  reasonable 
profit  with  ordinarily  favorable  luck  and  foresight.  This  matter  of 
cost  is  important,  as  a  poor  price  is  almost  certain  to  result  in  inferior 
work. 

The  discussion  of  office  practice  will  be  handled  in  the  same 
general  manner  as  the  discussion  of  the  survey,  namely,  under  the 
general  divisions  of: 

a.  The  improvement  of  existing  roads. 

b.  The  location  of  new  pioneer  roads. 

It  is  impossible  in  a  book  of  this  character  and  size  of  page  to 
illustrate  exactly  the  detail  methods  of  design  which  carry  out  the 
principles  of  economy  discussed  in  Part  I,  but  an  effort  has  been 
made  to  give  an  idea  of  the  practical  methods  by  restricted  examples 
and  rather  full  explanations  of  drafting-room  procedure.  The  tab- 
ular data  in  connection  with  design  and  estimating  quantities  have 
been  found  from  experience  to  be  very  useful. 

THE  IMPROVEMENT  OF  EXISTING  ROADS 

Office  practice  includes: 

1.  Mapping  the  preliminary  surveys. 

2.  Designing  the  improvement. 

3.  Estimating  quantities  and  cost. 

4.  Finished  contract  plans. 

5.  Records  and  record  maps. 
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i.  Mapping  the  Preliminary  Survey 

The  mapping  of  the  preliminary  survey  serves  as  a  base  from 
which  the  design  of  the  new  work,  and  the  quantities  necessary 
thereto,  can  be  built  up.  It  consists  of  three  views  of  the  road: 
the  plan,  showing  the  topographic  features;  the  profile,  showing 
the  longitudinal  differences  of  elevation,  and  the  cross-sections, 
showing  the  constantly  changing  transverse  shape. 

The  scales  in  general  use  are  as  follows: 


Table  148 


Plan 

Profile 

Cross-sections 

1"  =  100' 

1"  - 
1"  = 

ioo'  horizontal 
10'  vertical 

1"  =  10' 

1"  =    50' 

1"  = 
1"  = 

50'  horizontal 
10'  vertical 

1"  =    5' 
cr  1"  =     4' 

l"    =      2o' 

1"  = 
1"  = 

20'  horizontal 
5'  vertical 

1"  =     5' 
or  1"  =     4' 

1"  =     10' 

1"  = 
1"  = 

io'  horizontal 
10'  vertical 

1"  =     2' 

Note. — Distorted  profile  scales  have  a  strong  tendency  to  increase  grading 
costs,  as  it  is  a  matter  of  common  experience  that  if  a  grade  line  is  designed 
by  the  same  man  for  the  same  road  using  a  distorted  profile  in  one  case  and 
a  natural  scale  profile  in  the  other  case,  the  quantities  resulting  from  the 
distorted  profile  are  much  in  excess  of  the  natural  scales.  Some  distortion 
is  necessary  but  the  designer  should  ride  over  the  road  and  from  visual 
inspection  determine  what  rolls  in  the  natural  grade  can  be  properly  retained 
and  what  sharp  grade  changes  must  be  reduced.  With  a  little  experience 
of  this  kind  he  can  coordinate  actually  good  riding  profiles  with  the  distorted 
profile  on  which  he  is  working  and  he  will  not  needlessly  cut  and  fill  smal 
changes  in  the  natural  grades  (see  also  pp.  109  and  963). 

For  court  cases  it  is  not  permissible  to  use  distorted  scales,  as  the  average 
judge  or  jury  do  not  understand  them  and  are  misled  by  their  use. 


The  100'  scale  is  too  small  for  convenience  in  design,  and  earth- 
work quantities  figured  from  cross-sections  plotted  1"  to  io'  are 
not  reliable.  For  work  on  ordinary  country  roads,  the  50'  scale 
is  generally  adopted,  using  cross-sections  plotted  1"  to  5'  or  1"  to  4'; 
this  scale  is  satisfactory  for  laying  the  grade  line  and  computing 
the  earthwork. 

The  larger  scales  of  1"  =  20'  or  1"  =  10'  are  useful  in  village 
work  where  a  large  amount  of  detail  must  be  shown. 

Plotting  the  Center  Line. — The  survey  center  line  can  be  plotted 
by  deflection  angles  at  the  transit  points,  using  a  table  of  natural 
tangents,  a  vernier  protractor  or  an  ordinary  paper  protractor 
graduated  to  15'.  J 


PLOTTING  CENTER  LINE 
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Where  the  center  line  has  been  well  located  in  the  field  and 
there  seems  to  be  no  necessity  for  a  paper  relocation,  no  great 
care  need  be  taken  in  plotting  the  deflection  angles,  as  in  such  a 
case  the  map  serves  more  as  a  picture  of  the  topographic  features 
than  as  a  basis  for  alignment. 

Where  a  random  line  has  been  run  in  the  field  and  some  shifting 
of  the  center  line  is  necessary,  both  angles  and  distances  must  be 
accurately  plotted.  If  any  extensive  change  of  alignment  is 
made,  the  new  deflections  and  distances  should  be  checked  by 
figuring  the  difference  of  latitude  and  longitude  for  both  the 
survey  line  and  the  office  line  between  the  points  of  equality. 

Where  the  consideration  of  sight  distance  (see  p.  114)  governs 
Table  149  will  be  of  service. 


Tabli 

149 

Table  149  gives  the  approximate  distance  that  an  automobile 

driver  can  see  an  approaching  car,  assuming  that  he  is  driving 

in  the  center  of  the  road  and  that  the  approaching  car  is  also  in 

the  center.     Two  distances  are  given  for  each  curve,  the  first 

assuming  that  the  line  of  sight  is  six  feet  from  the  ground,  which 

is  about  right  if  the  curve  is  on  a  straight  grade,  and  makes  the 

line  of  sight  tangent  to  the  cut  slope  of  1  on  1^,  19  feet  off  center 

for  the  narrow  section  shown  in  Fig.  15,  page  115,  and,  second, 

assuming  that  the  line  of  sight  is  close  to  the  ground,  as  occurs 

on  rounding  the  top  of  a  hill,  in  which  case  the  line  of  sight  will 

be  tangent  to  the  side  slope  at,  approximately,  n'  off  center. 

1 

Degree  of 

Radius  of  Curve 

Sight  Distance 

Sight  Distance 

Curvature 

Feet 

Case  One.     Feet 

Case  Two.    Feet 

5 

1 146.0 

400 

3io 

6 

955-o 

375 

290 

7 

818.6 

35o 

270 

8 

716.3 

330 

250 

9 

636.6 

310 

235 

10 

573-o 

295 

220 

12 

477-5 

270 

200 

14 

409-3 

245 

185 

16 

358.1 

230 

175 

18 

318.3 

220 

165 

20 

286.5 

210 

160 

30 

191.0 

170 

130 

40 

143.2 

145 

no 

So 

114. 6 

130 

100 

For  convenience  in  plotting  the  topography,  the  100'  survey 
stations  are  plainly  marked. 

The  most  common  mistakes  in  plotting  the  map  are  made  by 
reversing  the  deflection,  as  right  instead  of  left  and  vice  versa, 
or  in  adding  or  omitting  100'  in  scaling  long-tangent  distances. 
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The  work  should  be  checked  for  mistakes  of  this  nature. 
All  curve  data  are  marked  plainly  on  the  map  near  the  P.I. 
and  show: 

The  deflection  angle  A 
The  degree  of  curve  D 
The  radius  of  curve  R 
The  tangent  length  T 
The  length  of  curve  L 
The  station  of  the  P.I. 
The  station  of  the  P.C. 
The  station  of  the  P.T. 
If  the  curves  have  been  figured  in  the  office  and  have  not  been 
run  in  the  field  it  is  good  practice  to  scale  the  offsets  from  the  tang- 
ent to  the  curve  and  mark  them  on  the  map. 

These  offsets  from  the  center  line  as  run  are  then  transferred 
to  the  cross-sections  and  the  profile  plotted  from  center-line  eleva- 
tions on  the  cross-sections. 

Plotting  the  Topography. — If  the  topography  has  been  recorded 
by  a  system  of  right-angle  offsets,  as  suggested  and  illustrated  on 
page  837,  it  can  be  easily  and  quickly  plotted 
by  using  the  transparent  scale  shown  here. 

This  scale  gives  the  plus  distance  along  the 
survey  base  line,  or  center  line,  and  the  offset 
distance  from  the  line  in  one  operation. 

As  a  general  rule,  the  plotting  of  the  topog- 
raphy need  not  be  checked. 

Level  Computations. — The  survey  compu- 
tations of  the  bench  levels  are  checked  and  a 
list  of  bench  elevations  prepared;  these  eleva- 
tions are  used  in  cross-section  level  notes  and 
from  them  the  notes  are  computed  between 
benches.  As  each  bench  is  reached  these  notes 
are  corrected  to  agree  with  the  elevation 
adopted  for  that  bench  and  then  carried  for- 
ward on  the  corrected  basis.  The  allowable 
error  for  cross-section  levels,  as  mentioned  in 
the  chapter  on  surveys,  is  less  than  0.1'.  The 
correction  of  the  levels  at  each  bench  prevents 
any  cumulative  error  and  makes  the  elevations 
of  the  cross-section  shots  agree  with  the  adopted 
bench  elevations  with  an  error  of  less  than  0.1'. 
This  is  as  close  a  the  readings  can  be  plotted 
and  as  close  as  they  can  be  read  in  the  field. 

The  computation  of  the  bench  levels  and  the 
adjustment  of  the  cross-section  notes  should  be 
checked  by  a  competent  man.  The  most  common  mistake  in  fig- 
uring the  cross-section  readings  is  to  use  the  wrong  height  of 
instrument  for  a  section.  Such  a  mistake  cannot  be  detected  in 
plotting  the  sections,  but  is  generally  discovered  when  the  profile 
is  plotted. 

In  checking  the  notes  particular  care  should  be  taken  on  this 
one  point. 


Fig.  306. — Con- 
venient transpar- 
ent scale  for  plot- 
ting topography. 
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Plotting  the  Cross-sections. — The  cross-sections  must  be  very 
carefully  plotted,  as  the  reliability  of  the  earthwork  computation 
depends  largely  on  their  accuracy. 

The  cross-section  paper  used  should  be  exact  in  the  divisions  and 
should  be  printed  or  engraved  from  plates. 

Ruled  paper  is  inaccurate. 

The  plotting  is  checked  by  reliable  men.  Reading  the  shots 
back  from  the  plotted  cross-section  is  preferable  to  reading  them 
from  the  book.  The  elevations  of  the  center  line  and  of  the  ditch 
line  are  written  over  the  section.  The  station  number  or  plus 
of  each  section  is  written  on  the  right  margin.  The  fact  that 
the  section  has  been  graveled  within  the  traveled  way,  that  stone 
has  been  spread  to  a  certain  thickness,  or  any  other  fact  that 
would  influence  the  designer  when  laying  a  grade  line,  is  noted  on 
the  section  (see  Fig.  307). 


Fig.  307. 


It  is  common  practice  to  allow  the  inexperienced  men  to  plot 
and  check  the  cross-sections.  This  is  a  mistake.  This  part  of 
mapping  is  the  most  important  of  the  preliminary  plans,  and  the 
work  should  be  plotted  and  checked  so  that  the  points  are  correct 
to  the  nearest  o.i'  in  elevation. 

These  points  are  then  connected  with  a  fine  ink  line. 

Plotting  the  Profile.— The  profile  is  plotted  from  the  center-line 
elevations  given  in  the  cross-section  notes  unless  the  proposed 
center  line  does  not  coincide  with  the  survey  center  line,  in  which 
case  the  elevations  of  the  proposed  line  are  projected  from  the 
previously  plotted  cross-sections. 

It  is  not  necessary  to  spend  so  much  time  for  accuracy  in  plotting 
as  on  the  sections,  as  the  profile  only  serves  as  a  guide  in  laying 
the  grade  line  and  no  quantities  depend  upon  its  correctness.  An 
error  of  0.2'  is  allowable. 

The  elevation  of  each  plotted  center-line  point  is  recorded  with 
its  stationing  (see  Fig.  322,  p.  1106). 

The  profile  should  show  all  existing  culverts  and  bridges  with 
elevations  of  both  present  roadway,  top  and  bottom  of  existing 
waterway  opening,  and  elevations  of  high  water.  It  should  show 
all  rails  of  grade  crossings,  the  location  of  houses  and  barns  effect- 
ing cuts  and  fills,  and  all  crossroads  or  streets.  Supplementary 
profiles  of  crossroads  should  also  be  shown  to  insure  good  intersec- 
tion designs  for  both  grade  and  drainage. 
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2.  Designing  the  Improvement 

The  completion  of  the  profile  finishes  the  preliminary  mapping. 
The  first  operations  of  the  office  design  are  as  follows: 

A.  Selection  of  grading  section. 

B.  Depth,  width,  and  crown  of  pavement. 

C.  Final  alignment. 

D.  Laying  the  grade  line. 

These  four  points  are  so  dependent  on  each  other  that  they  can- 
not be  separated,  as  they  all  vary  from  point  to  point  on  the  road, 
depending  on  soil,  traffic,  grade,  special  topographic  features, 
bridges,  etc. 

The  most  experienced  man  available  should  do  this  part  of  the 
work.  He  should  be  thoroughly  familiar  with  the  road  from  field 
inspection,  and  in  designing  he  should  follow  the  general  principles 
laid  down  in  Part  I,  in  the  chapters  on  Grades,  Alignment,  Sections, 
Pavements,  and  Reconstruction.  For  convenience  the  most-used 
data  from  these  chapters  are  repeated  at  this  point  in  tabular  and 
diagrammatic  form. 

Table  150  (p.  949),  maximum  grades. 

Table  151  (p.  950),  maximum  curvature. 

Figure  308  (p.  951),  typical  grading  sections. 

Table  152  (p.  950),  typical  crowns. 

Figure  309  (p.  956),  typical  superelevations  on  curves. 

Table  152C  (p.  958),  typical  pavement  widths. 

Table  153  (p.  959),  depths  of  flexible  pavements. 

Table  154  (p.  960),  depths  of  concrete  foundations. 

Table  155  (p.  962),  limiting  gradients,  different  pavements. 

Table  156  (p.  962),  special  qualifications,  different  pavements. 
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Table  150. — Recommended  Practice  Maximum  Grades 

Recommended  Practice,  Maximum  Grade  Design. — From  the 
standpoints  of  horse  traffic,  single  unit  motor  traffic  or  trucks  with 
one  trailer,  safe  footing,  and  economy  of  construction  and  main- 
tenance, the  following  recommended  rates  of  maximum  grades  will 
give  moderately  good  satisfaction.  In  unusual  cases  the  possi- 
bility of  the  extensive  use  of  long  trailer  trains  would  tend  to  reduce 
these  recommended  rates,  but  the  author  wishes  to  emphasize  the 
opinion  that  very  few  roads  need  be  designed  at  this  time  primarily 
for  long  trailer  trains.  The  following  rates  are  satisfactory  for  the 
ordinary  motor  equipment  used  by  the  great  majority  of  road  users 
and  additional  expenditure  would  not  be  warranted  for  the  benefit 
of  a  few  men.  For  the  effect  of  dangerous  alignment  on  maximum 
grade  see  page  118.  For  Effect  of  grade  on  motor  operation  cost  see 
pages  12  and  06. 

Main  Commercial  Roads  in  Flat  Country. — Long  2  %  ruling  grades  are 
desirable  but  do  not  justify  much  additional  construction  cost.  Any  long 
ruling  grade  up  to  5  %  will  probably  be  satisfactory.  Short  6  %  are  not  incon- 
sistent. A  large  volume  of  hauling  by  trailer  trains  might  warrant  reductions 
below  usual  practice  provided  the  interests  operating  such  haulage  paid  the 
increased  cost  of  construction. 

Main  Commercial  Roads  in  Hilly  Country  {Well-settled  Districts). — Long 
5  %  ruling  grades  are  desirable  and  justify  considerable  expenditure  provided 
they  do  not  increase  the  total  distance;  7%  grades  are  probably  justified  to 
prevent  increase  in  distance  for  a  fixed  rise.  Long  6%  grades  are  fairly 
satisfactory  but  as  a  rule  if  5  %  cannot  be  reasonably  obtained  it  is  just  as 
well  to  jump  to  7%.  Short  7  or  8%  grades  are  not  inconsistent  in  connec- 
tion with  long  S  and  6%  grades  provided  the  element  of  safe  team  footing 
is  considered. 

Main  Roads,  Pioneer  Districts. — Long  5%  grades  are  very  desirable  pro- 
vided they  do  not  increase  the  total  distance,  particularly  if  the  road  is  a 
natural  soil  road  and  considerable  horse  traffic  prevails.  Any  long  grade 
up  to  7  %  is  fairly  satisfactory.  Short  7  and  10  %  grades  are  not  inconsistent 
except  for  trailer  trains.  Grades  higher  than  7  %  are  not,  however,  in  much 
favor  on  account  of  danger  and  high  maintenance  cost. 

Side  Agricultural  Roads  or  Unimportant  Pioneer  Roads. — Any  long  grade 
up  to  7  %  is  satisfactory.  Short  10  %  grades  are  consistent  in  connection 
with  a  7  %  ruling  provided  the  element  of  safe  footing  is  considered.  Grades 
steeper  than  7  %,  however,  have  a  high  maintenance  cost. 

Scenic  Roads. — Long  6  %  grades  are  convenient  on  account  of  preventing 
gear  shifts;  10%  is  not  unreasonable  for  such  roads  except  that  on  a  10% 
grade,  the  alignment  should  be  easy,  see  page  118,  and  the  maintenance 
cost  is  high. 

Compensation  of  Steep  Grades. — On  sharp  curves  maximum  grades  must  be 
reduced  (see  page  118). 


Recommended  Alignment  Practice. — The  following  summary 
agrees  with  general  current  practice  and  can  often  be  used  with- 
out raising  the  cost  beyond  the  bounds  of  reason.  A  summary 
of  this  nature  is  of  course  of  only  general  value.  Each  case  must 
be  worked  out  on  its  own  merits.  Broad  generalizations  of  detail 
requirements  are  dangerous  if  used  indiscriminately. 
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Table  151. — Recommended  Alignment  Practice 

Main  Commercial  Roads  (Well-settled  Districts). 

Minimum  sight  distance 300  to  400' 

Minimum  radius  of   curvature  at  right-angle  turns  on  level 

outside  of  villages  where  sight  distance  does  not  control.  .  .    250  to  400' 
Minimum  radius  of  curvature  on  steep  grades  or  at  the  foot 
of  such  grades  depending  on  the  central  angle  where  the 

sight  distance  is  not  the  controlling  factor 600  to  800' 

Ordinary  Agricultural  Roads.     (Local  Service.) 

Minimum  sight  distance 200  to  250' 

Minimum  radius  of  curvature  at  right-angle  turns  on  level 

outside  of  villages 100  to  200' 

Minimum  radius  of  curvature  on  steep  grades  where  sight 

distance  does  not  govern 400  to  6oo' 

Mountain  Roads. 

No  limitations  on  sight  distance. 
Warning  signs_  used  where  necessary. 

Minimum  radius  on  steep  grades 100' 

Minimum  radius  in  extremely  rough  country  40  it.  Grades  not  to  exceed 
3  %  for  a  40-ft.  radius  and  not  to  exceed  4%  for  an  80-ft.  radius.  Any  grade 
up  to  8%  on  a  100-ft.  radius,  although  it  is  desirable  not  to  exceed  s  %  on  a 
100-ft.  radius  curve  with  a  large  central  angle. 

Note. — There  is  no  more  object  in  long  perfectly  straight  tangents  than 
there  is  in  long  uniform  rates  of  grade.  In  a  great  many  cases  small  angles  in 
long  stretches  of  comparatively  straight  road  are  eliminated  by  the  adoption 
of  a  long  single  tangent  resulting  in  a  noticeable  increase  in  cost  and  often 
in  the  loss  of  retention  of  the  existing  solid  roadbed.  In  a  great  many  cases 
the  only  value  of  such  changes  seems  to  be  the  pleasure  derived  by  the  office 
engineer  in  laying  his  straightedge  on  the  plan  and  drawing  a  nice  long 
straight  line. 


Table  152.4. — Rural  Highways — Typical  Normal  Pavement 

Crowns 


Parabolic  or  Circular  arc  suitable 


Kind  of  pavement 


Average 

Average 

Average 
recom- 

maximum 

minimum 

mended 

crown 

crown 

slope, 
inches 

slope, 
inches 

crown 

slope, 

inches 

per  foot 

per  foot 

per  foot 

1 

H 

H 

H 

h 

% 

H 

m 

H 

H 

H 

% 

H 

% 

% 

% 

He 

He 

% 

H 

H 

K 

H1 

He 

% 

He 

He 

% 

H 

H 

y2 

% 

H 

Earth  roads 

Sand-clay  roads 

Gravel  roads 

Single-track  water-bound  macadam. . 
Double-track  water-bound  macadam 
Double-track  bituminous  macadam.  . 
Double-track  bituminous  concrete. . . 

Double- track  cement  concrete 

Double- track  brick 

Double-track  asphalt  block 

Double- track  stone  block 


1  For  the  H"  crown  use  a  straight-line  crown  slope. 
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OftSkpelj-t, 

Circular Arc '  fa**t?ln&ltQl&ft      _       ^ 
jCrown  Grade       j  (J     6\j  jf 

"""  T^i/S/ope4:f 


N0T£Us9thitsechenatthetvp 
of  hills  or  where  there  is  a 
small  amountof surface  water 
in  the  ditches. 


\:::::. 


Typical  Section  (Shallow  Ditch) 

—ist-so-'- *- -.—is'-so' 

.So'tolOO'RightofWay — 

Circular  Arc  Pavement  Crown       CutJlopelJ-% 
^Crown  Grade  J.'sZ1*  to2°: 


NOTE. 


Use  this  section  where 


'       *]  there  /$  a  moderate  amount  of 

"*""n  surface  water  The  proper  use 

jjjj  of  this  section  can  general/if 

E\  be  determined  by  inspection. 


.     -tOtvIZ"    . 

k- 20-0'- -> 

24lo28- 

Typicol  Section(Mediurn  Ditch) 
Circular  Arc  Pavement  Crown 


<?&■&**,,  ji 


11 


Surface 
NOTE. 


Pitch 


Roadway  Proper  - 
Typical  Section(Special  Ditches) 

"'*  "Where  a  large  amount  of  water  must  be  carnodalong the  Road 
separate  the  Special  Pitch  from  the  Ifoad  Section  and  keep  it  as  near 
the  fence  line  as  possible;  this  tends  to  reduce  excavation,  serves 
Guard  Railjand  makes  the  Road  Safer 


Where  a  special  ditch  is 
reauired  the  sue  needed  should 
be  carefully  worked  our  by 
means  of  the  watershed  area, 
probable  nmoff.and  ditch 
capacity 


Ditch  in 


Natural  Ground  Surface 


Typical  Scchon(Dcqpfills) 
Half  Section  fills  Half  Section  Fills 

le»  than  4  'Deep  over  4' Deep 


Pitch inCut 


Slight  line 
.,  fit!  Level  j  Grade        fjTotalBank  '*  '> 


V2-&  3-X2  '1*.— 10  'toiz'-'^k—r'o"- 

Typical  Banked  Section  (On  Curves) 


rCrvwn  Grade 


Table  of  Banked  Crown  s- 
Rodiutcrf 


RooaC.L 


SO'toiOO' 
ZOO'tpSOO 
SOOtoM 


Ran?  of  Banked 
Crown 


\   *M  ■■  ■•  I  • , 
...      J/4  ..  ..  )    « 

SOOtvMo'    '/2  •—  (  - 


note: 


Single  Track  Macadam  Roads  do  not] 
have  enough  Traffic  to  warrant  \ 
widening  the  Pavement  at  Curves, 


Fig. 


308A. — Single  track  macadam  or  gravel  roads  (suitable  for 
roads  carrying  up  to  about  300  vehicles  per  day). 


Note. — For  discussion  of  sections  see  Chapter  III. 
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Macadam  erGrdtvfStwufders*/.' 


-&&& 


Typical  Section  (Shallow  Ditch)       t.    \, 
Macadam  cr  Gravel  Shoulders^Al   .  ^ 


% 


S>& 


%&Sg& 


•ZS'toZO- 
Typical  Section  (Medium  Ditth)* 

•  6o'tono'Righ1-ofWatj- 


Hatvrat 

<Orouna '•*!«.——.•—.  typical Shal/av pitch Section 


, .  Special  , 


Typical  Section^Special  Pitches) 

Wherea  targe  amovrrtofwafer  must  be earned along the  Road, 
separate  the  special  ditch  from  the  Road  Section  and  keep  it 
at  near  the  fence  line  as  possible 


Half  Section 
FilM«stban4'Deep 


Half  Section 
RlK  Oi*r* 'Deep 


Ditch  in  Cut 


Fig.  308.B. — Double  track  macadam  roads.  Suitable  for  local 
service  or  secondary  State  Roads  carrying  from  300  to  2000  vehi- 
cles per  day  (12  hour  count  in  summer). 

Note. — For  roads  carrying   over    1500   vehicles   daily    use    7   ft. 
shoulder  to  permit  parking  off  the  pavement. 
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& 


it 


^■Backfill  f  ~~ — '~fn 

Bottom  Count  Macadam     Top  of  'Rock  Etc  a  ration 
Topical  Rock  Section 

RUck  excavation  will  be paid  for  to  an  elevation  li  inches  below  the  surface 
of  the  finished  read  and  no  rock  excavation  will  be  paid  far  below  this  ebration 
cr  outside  of  the  neat  side  slopes  shown  on  the  plans- 

No  part  at the  solid rock  shall 'he  closer  than  $incbeste  the  top  at 'the 
finished  section.  AH 'depressions  under  the  pavement p-vper  lower  than  the  bottom 
Of  the  bottom  course  of  the  pavement  shall  be  backfilled  with  stone  chips,  filled 
with  sand  orgravelpnd  rolled  or  tamped  untii  firm  and  hard.  This  backfill^ 
is  included  in  the  price  bid  for  reck  excavation 

\  Total Soperekvahon  «  i  Total  Superego.,     .     $f| . 


-iS'-o'toZO'-o'-'—-^  )  .jSbT 

hetlessh\mJ-of   *v 
Typical  Section(Sharp  Curves) 


Table  of  Ratr:  of  Soperjls  otion 

Radius  of 

Rood  Center  Line 

.in  Fee* 

Rate  of 
Superelevation 

SO -ZOO 

200 -soo 
soo-soo 

600-1000 

j/4  m  to  r-ftcrt 

3/4  ■■    -  1     •• 

v :  v  i : 

/?  •  j  >- 

» 


Total  Width  en  Curve 


Hormal  Wiath 
Additional  Width 


Pavement  Widening  layout 


Table  of  Pavement  Widening 

Radius  of  Road 

Total  Width 

V 

Center  Line 

Pavement  on 

in   Feet 

Curves 

5C  Feet 

19  Feet 

100 

IS     « 

ZS     n 

100 

100     • 

Zi     » 

100 

ZOO    » 

Zl     » 

90 

300   » 

zo   « 

10 

400    " 

zo    » 

DO 

SOO    > 

19     • 

TO 

600     » 

IS     » 

10 

*NOTE  I  Use  normal  Pavement  Width 

.  ^on  Curvet  having  a  radius  of 
•more  than  606 'feet 

Tobl«  of  Recommended  Total-Depth  of 
Macadam  Pavements  on  Different  Sails 


Pavement  m  Cut  or  Fil  I 


In  Cut 

On  FM$  tea  than  I  ff  d^o 

U      l>    111.  Uif*  • 

■    n  over  3 ft.         » 


LiL 


Loam 


(tavyCfoy. 


9T0IZ 

rtoii- 


Iftoi*  . 
S'ttH" 

a'fois 

9' 


Fig.  308B. — Double  track  macadam  roads. 
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Use  rules  -for 
City  Street 
£rown  where 
raised  curb 
(svst*- 


Typical  Side  Hill  Section 


Curb  Inter  Catch 
Banns  ar  Short- 

Infvrra/s 


TYPICAL  MEDIUM  DITCH  SECTION  )  Similar  to  Fig.  308  except  thai 
SPECIAL  "  "  I    the  Overall  Width  dimension: 

FILL  SECTION  f  are  6'  to  8'  ft.  greater  than  giver 

BANKED  "  J    in  Fig.  308 

ROCK  EXCAVATION:  Method  of  Payment  similar  to  Fig.  308.4  except 

that  none  of  the  Solid  Rock  shall  project  above  the 

bottom  of  the  Pavement  Base 

NOTE:  For  thickness  of  Pavements  and  Design  of  Pavement  Base  and 
Surfacing  See  Volume  2 

Fig.  308C — Special  sections  rigid  pavement  roads  (roads  carrying 
over  2000  vehicles  per  day). 
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GRADE  WIDENING 
Nx     ^Slope'/j'perfoot  Slope  '/3  per  foot. 

-12'-0*- I /J-'<?"— LAO* 


v-i 


Slope%"perfoof      WATERBOUND  MACADAM  SHOULDERS  { Slope  3U per  foot 

W-p'\<-4'-o"--k-Var.  4< ~~- Present  Base >!<^/:->l<  -4'-0 --■*)&■  ^§> 


(min.)  (min) 


(min) 


Slope  3/4  per  foot  7i."  PORTLAND  CEMENT  CONCRETE  SHOULDERS  j*"     Slope  3/4  per  hot 

-^-y  x     f    — 


-4  -'<?'-  -»k-^-'6->U Present  IS 'ofoncrefePa/ement-  > 

V>       Slope  3U  per  foot  ASPHALT  CONCRETE  SHOULDERS  AND  SURFACE    Asphalt  Cone.  Wearing  Course 
^K  •■  Asphalt  Concrete  Leveling  Course  over  Cone.  Basel'min-.       !    2-. ['Slope fy'per foot 


-•-Asphalt  Concrete  Base  Course r 

<?4?'4< -4 k> "•  -4*,-'6 '%- -  Present IS'O  toner e te Pa vement  -  t\t-2-6 "-^--4  '-0 "-  -^!l0 
(mm.)    (mm)  CONCRETE  SHOULDERS  AND  ASPHALT  CONCRETE  SURFACE     (mm^ 

Slope  % per  foot  J^f   Asphalt  Concrete  Wearing  Co'urse  ,,      Slope  3/4  per  foof 


Z^f'^"  f*^7"te$i$£\. 


eb%-4'-0*-  ■H«^-6''4<-  -Present 'l5'-0"Concrete  Pavement-  -»W-V* 


(min.)   (min) 


PORTLAND  CEMENT  CONCRETE  SECOND  STORY 


(min.) 


-6 


area  of  wire  mesh 


Cross Sectional'  3/j'a<iefnrme>nl>v---~—H 
fobeatleast     longitudinal borsYld" 
70%  oi "area 
//own  for  bar 


reinforcement^ 


3/g  "deformed A?  ft  " 
bars  4  #  "long  !*-£ L 


HALF  PLAN  FORMESH  REINFORCEMENT    i  'HALF  PLAN  FOR  BAR  REINFORCEMENT 
l>  Slope  34 'per foot    Longjo!nf}        Portland  Cement  Concrete  _siope3/4"f 


(min)  (min.) 


Thickness  of  Concrete  over  Present  Base  £  "min. 
-4-0* '  -tf£!6'i\<— Present IS'-O' 'Concrete Pavement  ---4*2-6  ■> 


i.-4-O  ---q-QY- 
(min.) 


Fig.    308D. — Reconstruction    sections,    state    of    California    1926. 
Widening  and  thickening  old  state  roads. 

Note. — See  Chapter  VIII  for  discussion  of  reconstruction  design. 
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Parabolic  Crowns  for  Pavements. — It  is  often  convenient  to  have 
the  following  data  on  parabolic  crown  ordinates  in  making  templets 
for  pavement  work. 

Divide  the  distance  from  the  center  of  the  road  to  the  curb  01 
edging  into  ten  equal  parts  and  call  the  total  crown  i.o;  the  dis- 
tance down  to  the  surface  of  the  pavement  from  the  crown  elevation 
at  each  of  these  ten  points  expressed  in  terms  of  the  total  crown  will 
be 


Point  10 


Curb 


Parabolic  crown  ordinates. 
Center  of  road,  point  No.  o o. 


i 

2. 

n 

o 
4 

5- 
6. 

7- 

8. 

9- 
io. 


oo 

OI 

04 
09 
16 

36 


Curb  point 
For  area  Parabolic  Segments  see  page  1576. 


0.49 
0.64 
0.81 
1 .00 


200 


400 


Radius  of  Curverfure,f+. 
600  800  1000 


1200 


1400 


IfeOO 


1600 


fcOO  800  1000         1200 

Radius  of  Curvcrture,ft. 

Fig.  309. — Graph  of  theoretical  and  practical  bank  slopes  on  curves 
Note. — For  discussion  of  superelevation  see  page  124. 


STREET  CROWNS 
Table  1525. — Street  Crowns 
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wit  Block  Wood 

!kerrfb-10"fok'mM-S'h6"  L**fii-S%IO'-mih-3Mt 

Depth'ty'toi' 'Cushion /WOus'/)"  Cushion^  Class  V'Morhrar'/g  S 

Mortar      Wdth  of  Roadway. Chm  coatcrnofoKrWCIassT*mortarwlk'4)'Bihimihovs 

S  in  Inches  /hint Coat.      Width  of  Roadway  -Crown  in  Trtth 


Brick  5hee+  Asphalt 

^Length  *ft"  WiclHi  *3'j> '  Depth  --4"    Wearing  Surface  •?' 
%Qushion'i'- '  Cement  Sand -l  :4miied dry         Binder  Course  -I' 
(wfthgrouifiller)orl'Sand(witnBituminout  Width  of  RoaJwau  r       ■  r  ,  "~ 

filler)      WidthofRoadmu-Crowninlnches        "^^"^'GvwnmlndiCS^^ 

"Shone  Block      ,    ,.      Hm°f"^™n,n7„ch«t 
hiomr'sand    V/jdn1olRoadm<wm]njnches    Earth  brad iqg 

"  S/ieCrown  „    *        t  ^ 


t^P^SEST    '  eM  of  Curb 

^pnfft.JileMh  open  bell  joints.  and  ^r°wn 


20  80  40  50    20 

Width  of  Pavement  in  Feet 


20  40 

Width  of  Pavement  in  Feet 
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Table  152C — Normal  Pavement  Widths  (in  Feet) 


Rigid  pavements 

Macadam 

or  gravel 

Class  of  road 

Pavement 
proper 

Out-to-out 

width 

armored 

shoulders 

Pavement 
proper 

Out-to-out 

width 

armored 

shoulders 

Class  I1 

18-20 

17-18 

16 

22-24 

20-22 

16 

18-20 

15-16 

12-16 

8-12 

22-24 

20-22 

16 

Class  II 

Class  III 

Class  IV 

1  For  traffic  of  over  6,000  daily  (10-hour  count  in  summer)  increase  pave- 
ment width  to  27  or  36',  see  also  page  28  for  capacity  3  and  4  lane  pavements. 

Class  I  Traffic  (Sharp  Curves) 


Radius  of  road 
center  line  in  feet 


Total  pavement 
width  in  feet 


Length  tangent 
run-off  in  feet 


100 
150 
200 

300 
400 
500 

600 


25 
24 
23 

22 
22 

21 


100 
90 
90 

80 
80 
70 

70 


Note. — Normal  pavement  widths  of  18  to  20'  used  on  all  curves  having 
a  radius  greater  than  1000'. 

Class  II  and  III  Traffic  (Sharp  Curves) 


Radius  of  road 
center  line,  in  feet 


Total  pavement  width 
on  curves  for  a  double- 
track  road  (local 
service)  in  feet 


Length  tangent 
run-off  in  feet 


50 
75 
100 
150 
200 
300 
400 
500 
600 


29 
25 
23 
22 
21 
20 
20 
19 
18 


100 
100 
100 

90 

90 
80 
80 
70 
50 


Note. — Normal  pavement  width  (15  to  18')  used  on  all  curves  having  a 
radius  greater  than  8oo'. 


DEPTHS  OF  MACADAM 


959 


NOTE'.  Length of  tangent 
runoff  is  approximately 
20  x  Additional  Width  in  feet 


Fig.  310. 


Center  of 
Circular  Curve 

-(Table  152C.) 


"able  153. — Recommended  Total  Depths  of  Flexible  Pave- 
ments   in   Localities    Subject   to    Severe    Winters    (in 

Inches) 


Class  I  traffic  (over  2000  vehicles  daily,  10-hr.  count  in  summer; 
(M.  macadam  not  usually  economical  on  Class  I  roads) 


Soil 


Location  of  road 


In  cuts  or  on 

shallow  fills 

less  than  1' 

deep 


On  inter- 
mediate fills 
1  to  3'  deep 


On  high  fills 
over  3'  deep 


Coarse  sand  and  fine  gravel 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands 


0-10 
10-14 
15-21 
22-30 


0-10 
10-12 
12-16 
14-18 


9 
10 
11 
13 


"lass  II  traffic  (800  to  2000  vehicles  daily,  10-hr.  count  in  summer 


Sand  and  gravel 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands 


Dlass  III  traffic  (300  to  800  vehicles  daily,  10-hr.  count  in  summer) 


Sand  and  gravel 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands 


Class  IV  traffic  (less  than  300  vehicles  daily) 


Sand  and  gravel 

Loams 

Ordinary  clays 

Heavy  clays  and  fine  sands 
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Table  155^. — Limiting  Grades  por  Different  Types  of 

Pavement 

(Taken  from  Agg's  "Roads  and  Pavements") 


Surface  Material  Per  Cent 

Wood  block 3 

Asphalt  block 6 

Brick 10 

Sheet  asphalt 5 

Asphaltic  concrete 7 

Bituminous  macadam  (seal  coat) 8 

Bituminous  macadam  (no  seal  coat) io 

Cement  concrete1 8 

Hillside  brick 12 

Stone  brick 12 


Table  155-B. 


Surface  Material  Per  Cent 

Wooden  block 2 

Asphalt  block . . 4 

Brick  (grout  joints) 5 

Brick  (mastic  joints) 8 

Concrete1.  .  .  .  .• 5  to  7 

Bituminous  macadam  with  flush  or  squeegee  coat 5 

(In  sandy  country,  6  %  when  coarse  sand  is  sprinkled 
on  surface.) 

Bituminous  macadam  without  squeegee 8 

Waterbound  macadam 8 

"Hillside"  brick '. 12 

Stone  block  with  open  joints 12 


1  Hard  to  construct  on  grades  over  s  %. 

Recommended  Pavement  Types. — Bituminous  macadams  an 
recommended  for  Class  II  traffic  and  resident  village  streets. 

Water-bound  macadam  (oiled)  for  Class  III  traffic. 

Concrete  for  Class  I  outside  of  villages. 

Brick,  for  village  business  streets. 

Stone  block  for  hills  on  Class  I  traffic. 

Asphalt  block,  for  extremely  heavy  Class  I  traffic. 

Sheet  Asphalt,  Topeka,  etc.,  are  to  be  avoided  for  origina. 
construction  where  traffic  travels  at  high  speed  on  account  of  skid- 
ding but  its  use  for  reconstruction  has  decided  advantages  from  ar. 
economic  standpoint  and  the  use  of  coarse  aggregate  "Topeka  01 
"Amiesite"  reduces  danger  of  skidding.  Its  most  suitable  location 
is  a  resident  village  or  city  street  or  for  heavy  slow  traffic. 

Templets. — For  the  convenience  of  the  designer  in  drawing  the 
shape  of  the  finished  road  on  the  cross-sections,  a  number  of  trans- 


s 


Fig.  311. — Transparent  templet  for  use  on  cross-sections  giving 
finished  shape  of  road. 


ECONOMIC  GRADE  LINE 


963 


>arent  composition  templets  are  made,  cut  to  proper  scale,  repre- 
enting  the  different-shaped  sections  to  be  used  (see  Figs.  311  and 

,12). 


?IG.  312. — Transparent  templet  with  stone  trench  cut;  saves  time 
in  drawing  in  sections  for  figuring  cut  and  fill. 

,  Undulating  Cradef  Proper  Use  Saves  Excavation  and  is 
I  at  the  Same  Time  an  easy 

Y. Riding  Profile. 


StolO 


\raight  trade ;  hnneceskaryAmc  untofftcavatic  n 
k [4  i5  16  17  I&  19 


?0 


.  Hump  of  this  Kind  must  be 

Disregarded 


20 


2? 


23 


Illustrating  Proper  Use  of 
Straight  and  Undulating  Grades 

Fig.  313. 

Economical  Grade  Line  (New  Construction). — On  page  106,  the 
nost  economical  grading  conditions  were  mentioned.  A  conven- 
ent  method  of  laying  a  grade  line  that  will  approximate  these  condi- 
ions  is  as  follows:  Take  the  case  of  determining  an  economical 
jrofile  for  a  road  from  Stas.  11  to  16,  where  the  grade  can  be  placed 


Level. 


+  0.2% 


i 

i 

122 


+50 


123 


+50 


124- 


+50 


125 


+50 


126 


?IG.  313A. — Actual  profile  road  5046  New  York  State,  illustrating 
maximum  abutness  in  short  roll  which  is  satisfactory  for  traffic. 

it  any  desired  elevation  (see  p.  964).  Place  the  adopted  templet 
>n  each  cross-section  so  that  the  cut  will  just  make  the  fill  (this  posi- 
ion  is  estimated)  and  note  the  elevation  of  the  center  line  of  the 
proposed  finished  road  for  this  position  of  the  templet;  mark  this 
■levation  on  the  profile  for  each  section  between  Stas.  n  and  16; 
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O'lZil 


VZZll 


Sl'ZZZI1 


/£Z£f  ° 


SVlZtl  => 


O   ^3. ^ 


a  a 


to  connect  these  points  would  give  the  most  economical  grade  line 
but  this  can  rarely  be  done  with  a  resulting  smooth  profile.     Th< 

-p  adopted  grade  is  obtained  bj 
sozzi^C  «  drawing  in  a  smooth  grade  lint 
that  averages  the  elevation  o 
these  points  and  varies  in  eleva 
tion  above  and  below  them  a: 
little  as  possible. 

The  adopted  grade  elevation  a 
each  station  is  then  figured,  thi 
shape  of  the  finished  road  drawl 
to  the  cross-sections  at  these  ele 
vations,  and  the  excavation  an< 
embankment  computed.  If  th 
ratio  of  cut  to  fill  is  not  correct,  th 
grade  is  raised  or  lowered  slighth 
to  produce  the  desired  ratio.  Th 
method  is  illustrated  in  Fig.  314. 
For  each  stretch  of  road  wher 
economy  of  grading  governs  th 
profile,  this  procedure  is  repeated 
and  for  the  sections  of  road  wher 
other  considerations  govern,  th 
grade  is  placed  at  the  require< 
elevation  and  the  borrow,  waste 
or  overhaul  is  figured. 

Grade-line  Reconstruction  De 
signs. — The  grade  line  for  recor 
struction  of  old  improved  road 
follows  the  old  grade  line  ver 
closely  for  most  cases  and  the  ek 
vation  of  the  new  pavement  i 
adjusted  to  utilize  to  best  advan 
tage  the  old  pavement  as  a  founds 
tion;  that  is,  the  earthwork  of  th 
shoulders  and  ditches  does  nc 
govern  the  grade  line  as  in  nc 
construction  and  no  effort  is  mad 
to  balance  cuts  and  fills.  Exces 
excavation  is  wasted  or  ovei 
hauled  and  excess  fill  is  cared  fc 
by  borrow-pit  excavation.  Fc 
good  typical  reconstruction  sec 
tions  and  relative  grade  of  old  an 
new  pavements  see  Chap.  VIII 
Part  I,  Reconstruction. 

Vertical  Curves. — To  obtain 

smooth  grade  line,  vertical  curve 

£lrZ£T~       b        are  used  at  the  intersection  of  th 

^        tangent  rates  of  grade.     Vertica 

curves  are  not  usually  used  where  the  difference  in  gradient  is  les 

than  one-half  of  1%.     Vertical  curves  should  be  made  as  long  a 

(text  continued  on  page  966.) 
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able    157. — Recommended    Minimum   Lengths    of    Vertical 
Curves  between  Tangent  Grades 


Algebraic  difference 

in  rates  of  tangent 

grades,  % 


Minimum  length  of 

vertical  curves  on  local 

service  roads,  feet 


Minimum  length  of 

vertical  curves  on  special 

service  commercial 

roads,  feet 


5  or  less 


12 
14 
16 


100-150 
200 
300 

400 
450 


Note. — Rough  rule  for  minimum  length  of  vertical  curves: 
ioo'  length  for  each  4%  difference  in  gradients  in  hollows. 
125'  length  for  each  4%  difference  in  gradients  at  top  of  hills. 
That  is,  if  two  ascending  6%  grades  are  to  be  connected  with  a  minimum- 

12.9' 
ngth  vertical  curve  this  rule  would  result  in  — ^ -  X  125'  =  375' length  of 

.  4% 

>rtical  curve. 


100   200    300    400    500    600   100 

Leng+hofVerTical  Curve,fh 

Required  length  of  vertical  curves  for  different  sight  distances 
I.  S.  Bureau  Public  Roads  Standard.  (Based  on  line  of  sight  5  ft. 
bove  ground  at  both  ends  and  tangent  to  road  surface  at  middle.) 
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possible  without  needlessly  increasing  the  grading;  that  is,  for  a) 
normal  cases  they  should  follow  the  natural  surface  closely.  Tabl 
157  gives  minimum  lengths  of  vertical  curves  satisfactory  from  th 
standpoints  of  sight  distance  and  easy-riding  qualities. 

For  the  final  plans  these  vertical-curve  elevations  may  be  com 
puted  by  the  following  formulas,  but  for  the  trial  grade  line  the; 
can  be  scaled  from  the  profile,  drawing  in  the  curve  by  means  of  . 
regular  curve  templet,  with  which  all  modern  offices  are  equipped 
and  in  all  ordinary  cases  this  graphic  method  serves  for  the  fina 
grade  line,  as  with  reasonable  care  the  elevations  are  closer  tha; 
can  be  constructed. 

Vertical -curve  Formulas.  Formula  A. — Difference  in  elevatioj 
at  center  of  curve,  d  expressed  in  feet  =  ^  algebraic  differenc 
of  the  tangent  grades  expressed  in  feet  per  100  X  length  of  curv 
expressed  in  stations  of  100'. 

In-hrsect/on  of  ;  Difference  in  Elevation 

!"^rSeTangent6rade^Jof  V.CandTangentlnimectan 


&b 


[^ Length  of  Curve 

Fig.  315A. 


.-^ 


_-  *  "--'** 
S---1 


Fig.  3155. 

Formula    B. — Intermediate    differences    of   elevations   betwee: 
tangent  grades  and  points  on  vertical  curve. 

dt'2 
d'  =  — • 
t2 


Sta  10 


10+50  11+00  11+50 

Fig.  315C. 


12+00 


Example  of  Vertical-curve  Computation. — It  is  required  to  figure 
the  vertical-curve  elevations  for  a  vertical  curve  200'  long  betweer 
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:angent  grades  of  +2.0  and  —3.0%  meeting  at  Sta.  11  -f  00  at  an 
levation  of  12 10.3. 
First,  find  the  middle  correction  d.     Use  Formula  A. 

d  =  H(a.o  -  (-3.0))  X  (2) 

d  =  His)  X  (2)  =  1%  =  1.25'. 
Second,  determine  the  corrections  dx  and  dt.     Use  Formula  B. 

dt'2  502  ^  1 

di  =  —r  =  1.25 -  =  1.25  X  -  =  0.31' 

t2  ioo2  4 

5o2 
</2  =  1.25 -  =  0.31  . 

IOO2 

Third,  determine  the  elevation  of  the  tangent  grades  at  10  +  50 
ind  11  +50. 

Fourth,  subtract  the  vertical-curve  corrections  d\,  d,  and  di  from 
hese  tangent  grades  at  10  +  50,  11  -f  00,  and  11  +  50. 


Vertical-curve  Elevations 

Sta.  10  +  50  =  tangent  elevation  1209.3  —  0-31  =  1208.99 
Sta.  11  +  00  =  tangent  elevation  1210.3  —  1.25  =  1209.05 
Sta.  11  -j-  50  —  tangent  elevation  1208.8  —  0.31  =  1208.49 

Table  158  is  useful  for  draftsmen  for  picking  out  the  correct 
urve  to  use  in  inking  in  the  vertical  curves.  This  table  is  com- 
)iled  for  a  horizontal  scale  of  1"  =  50',  and  a  vertical  scale  of  1"  = 
o'.     For  other  scales  a  similar  table  can  be  constructed. 

Explanation  of  Table  158. — Suppose  it  is  required  to  pick  out 
he  correct  curve  templet  to  draw  in  a  vertical  curve  300'  long 
>etween  two  tangent  grades  having  an  algebraic  difference  of  5% 
say  a  +2.0  and  a  —  3.0%  grade).  On  the  line  opposite  5.0  in 
olumn  1  representing  the  algebraic  difference  of  rate  pick  out  the 
ralue  24  in  the  column  headed  300'  curve;  this  means  that  a  curve 
laving  a  radius  of  24"  will  fit  the  conditions.  This  curve  can  be 
ound  easily  from  the  collection  of  curve  templets  which  have  been 
)reviously  marked  with  their  radii  in  inches. 
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Table  158.- 

—Table  of  Radii  for  Plotting  Vertical  Curves 

on  Profiles 

Algebraic 

100'  Curve 

200'  Curve 

300'  Curve 

400'  Curve 

Diff. 

Rad. 

Rad. 

Rad. 

Rad. 

I.O 

40 

80 

120 

160 

1.2 

33 

67 

100 

132 

1-4 

29 

57 

85 

116 

1.6 

25 

5o 

75 

100 

1.8 

22 

44 

65 

88 

2.0 

20 

40 

60 

80 

2.2 

iS 

36 

55 

72 

2.4 

i6| 

33 

50 

66 

2.6 

isi 

30 

46 

62 

2.8 

142 

29 

43 

58 

3-o 

i3i 

27 

40 

54 

3-2 

12^ 

25 

37 

50 

34 

12 

23 

35 

48 

3-6 

II 

22 

33 

44 

3-8 

io| 

21 

32 

42 

4.0 

10 

20 

30 

40 

4-5 

9 

18 

27 

36 

5-o 

8 

16 

24 

32 

5-5 

7 

142- 

22 

28 

6.0 

6| 

132- 

20 

26 

7.0 

6 

n| 

17 

24 

8.0 

S 

10 

16 

20 

9.0 

4i 

9 

13! 

18 

10.0 

4 

8 

12 

16 

1 1.0 

32" 

7 

11 

i4i 

12.0 

32" 

6£ 

10 

I3t 

13.0 

3 

6 

9 

I2| 

14.0 

3 

5§ 

H 

II* 

Note. — Set 

?  page  967  for  explanation  of  this  table. 

1 

1 

| 

: 
: 
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i 
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Table  159. — Required  Minimum  Length  of  Vertical  Curves 

for  a  Specified  Sight  Distance  Based  on  a  Line  of 

Sight  5'  6"  above  the  Ground  at  Both  Ends 


Minimum  length  of 

Minimum  length  of 

Algebraic  difference  in 

vertical  curve  in  feet 

vertical  curve  in  feet 

rates  of  grade  per  cent 

for  a  sight  distance  of 

for  a  sight  distance  of 

250' 

350',  in  feet 

6 
8 

150 

10 

50 

250 

12 

135 

330 

14 

190 

400 

16 

225 

450 

The  limit  of  sight  due  to  vertical  curves  is  shown  in  Table  159. 

Table  159  gives  the  distance  ahead  that  a  driver  can  see  on  a 

straight  road,  assuming  that  his  eye  is  5'  06"  above  the  road,  for 

vertical  curves  of  200,  150,  and  ioo'  long  between  grades  having 

1  large  difference  of  rate.     See  also  diagram  (p.  965)  for  length  of 

urve  required,  assuming  driver's  eye  5'  above  the  road. 

Example. — Suppose  a  +5%  grade  meets  a  —  7%  grade  and 
that  it  is  desired  to  put  in  the  minimum  length  curve  that  will  allow 
a  sight  ahead  of  350'.  The  difference  in  gradient  is  5  +  7  =  12%. 
From  Table  159,  opposite  12%,  the  length  required  can  be  readily 
picked;  it  will  be  about  330',  and  350'  would  probably  be  used. 
It  is  rare  that  the  sight  distance  governs  in  the  selection  of  length 
of  curve  except  for  overhead  railroad  elimination  projects.  See 
also  Table  157,  page  965. 

Placing  the  Templets  and  Planimetering  the  Areas. — After  the 
trial  grade  line  has  been  placed  the  center-line  elevations  of  the 
proposed  finished  road  are  figured  for  each  point  on  the  profile 
where  cross-sections  have  been  taken,  and  the  section  selected  is 
drawn  on  the  original  cross-sections  at  these  elevations,  using  the 
templets  mentioned  on  page  962. 

Because  it  is  comparatively  easy  to  make  a  mistake  of  1  or  5'  in 
elevation,  the  elevation  of  new  grade,  as  shown  by  the  position 
of  the  templet,  should  be  checked  from  the  profile  before  computing 
the  cuts  and  fills. 

Because  of  the  small,  irregular  shape  of  these  areas  it  is  not 
possible  to  compute  them  arithmetically  and  the  areas  are  deter- 
mined by  planimeters.  Great  care  must  be  exercised  if  the  work  is 
to  be  reliable;  a  double  run  is  made  and  the  second  run  should  be 
twice  the  first  area.  A  certain  limit  of  error  in  the  second  area  is 
adopted.1  This  method  is  sufficiently  accurate  for  preliminary 
estimating.  On  final  estimate  work,  where  the  payment  for  earth 
excavation  depends  on  the  planimeter  work,  a  satisfactory  method 
is  to  have  two  men,  using  separate  planimeters,  compute  the  areas 
independently  without  any  knowledge  of  each  other's  result.     If  the 

1  A  satisfactory  rule  has  been  to  allow  a  difference  of  0.4  sq.  ft.  for  areas 
up  to  50  sq.  ft.,  and  1.0-sq.  ft.  error  above  so  sq.  ft. 
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amount  of  excavation  as  figured  separately  varies  more  than  2%,  a 
third  run  is  made. 

It  is  difficult  to  get  accurate  planimeter  results  because  the  work 
is  monotonous,  confining,  and  hard  on  the  eyes,  and  the  men  tend 
to  be  careless  unless  they  know  that  their  work  is  being  checked. 

The  temptation  is  strong  to  make  the  second  reading  equal  twice 
the  first,  and  unless  some  such  method  is  used  to  check  up,  small 
errors  will  be  passed  over. 

As  a  matter  of  interest,  3  miles  of  planimeter  work,  checked  in 
this  matter,  was  examined  to  see  the  average  difference  in  areas 
where  two  careful  men  using  different  planimeters  computed  their 
results  separately. 

The  sections  used  were  plotted  1"  =  5';  areas  read  to  nearest  0.1 
sq.  ft. 

The  average  percentage  of  difference  for  single  areas  was : 

Per  Cent  of 
Difference 

1.  Small  areas  below  10  sq.  ft 5 

2.  Small  areas  10-30  sq.  ft 2 

3.  Areas  above  30  sq.  ft 1 

These  differences  for  single  areas  compensate,  however,  as  somt 
are  above  and  some  below  the  mean  value,  and  computing  the  twc 
separate  results  for  the  3  miles  gave  the  following  result: 

Percentage  differences  for  work  of  two  men  for  3  miles,  showinj 
the  reduction  of  error  due  to  compensation: 

Per  Cent  of 
Difference 

1.  Small  areas  below  10  sq.  ft 1 .  o 

2.  Small  areas  10-30  sq.  ft 0.5 

3.  Areas  above  30  sq.  ft 0.05 

The  average  excavation  per  mile  will  run  about  3000  cu.  yd. 
which  means  the  average  area  of  cut  is  about  16  sq.  ft. 

This  comes  under  the  second  division  and  makes  the  probabL 
error  of  final  estimate  planimeter  work  sufficiently  close  for  al 
practical  purposes. 

Areas  by  Measuring  the  Depth  of  Cut  or  Fill  at  Intervals  0 
1'  across  the  Section. — It  is  often  necessary  for  the  field  men  t< 
make  a  change  in  grade  or  alignment,  and  the  following  metho< 
of  estimating  section  areas  is  convenient  when  no  planimeter  i 
available.     The  method  is  illustrated  in  the  figures  shown  below 

Measure  the  depth  of  the  cutting  on  vertical  1.  Call  thi 
depth  i'.  It  can  be  readily  seen  that  this  depth  is  the  averag 
depth  for  the  first  foot  of  the  cross-section,  and  if  multiplied  by  1 
equals  the  area  of  the  first  foot  of  the  section.  In  like  manne 
measure  the  depth  of  the  section  on  vertical  2.  This  is  the  averag 
depth  of  the  second  foot  of  the  section,  and  multiplied  by  1'  equal: 
the  area  of  the  second  foot  of  the  section.     If  the  sum  of  the  depth: 


EARTHWORK  QUANTITIES 


971 


2',  3',  etc.,  is  obtained  for  the  entire  width  of  the  section,  it  is 
-ident  that  the  sum  must  equal  the  area  of  the  section. 
This   summation  can  readily  be   made  graphically,   as  shown 
:low,  by  marking  off  on  the  edge  of  a  piece  of  paper  the  successive 
:pths. 


Fig.  316. 

Scale  the  distance  from  the  reference  mark  to  the  end  mark,  using 
le  same  scale  by  which  the  cross-section  is  plotted  and  the  area  of 
le  section  is  obtained.  This  method  is  as  reliable  as  planimeter 
ork,  but  is  necessarily  slower. 


,\'Z'1'  4',5'6,.7,.8,.9' 
'  I1  l!  I'l'l  '1 — 


Reference 
Mark 


.35' 

3tr~ 

End 
Mark 


Strip  of  Paper 

Fig.  317. 


Computation  of  Earthwork. — Earthwork  is  usually  computed 
■om  the  planimeter  results  by  the  method  of  end  areas;  where  50' 
actions  are  used  Table  160  is  convenient. 

Explanation  of  Table  160. — Suppose  the  area  of  excavation  at, 
ly,  Sta.  22  +  00  is  30.6  sq.  ft.;  suppose  the  excavation  area  at 
ta.  22  +  50  is  20.1  sq.  ft.  To  get  the  number  of  cubic  feet  of 
scavation  from  Stas.  22+00  to  22  +  50  add  30.6  +  20.1  = 
0.7.  In  Table  160  an  area  of  50.7  gives  an  excavation  quantity 
f  1267.5  cu-  ft.  Where  the  normal  cross-section  interval  is  50' 
lis  table  is  a  great  time  saver. 

Table  161  is  convenient  in  changing  cubic  feet  to  cubic  yards. 

Table  162  is  convenient  for  preliminary  estimates,  as  it  gives  the 
ubic  yards  directly  for  the  sum  of  the  end  areas  in  square  feet, 
t,  however,  is  not  figured  exactly  and  is  not  suitable  for  final 

timate  work. 
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Table  160 

. — Volume 

OF    5 

0'  Sections  in 

Cubic 

Fee 

T   FOR   Si  | 

OI 

t  End 

Areas 

COMPILED   BY   J.    H. 

HUBER 

,    ASSISTANT 

ENGINEER,   BUFFALO,    N.    Y. 

Sum  of 

End  Areas 

0.0 

O.I 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

o.q 

Sq.  Ft. 

12.5 

o 

_ 

2.5 

5-o 

7-5 

10.0 

15.0 

17.5 

20.0 

2: 

i 

25-0 

27-5 

30.0 

32.5 

35-o 

37-5 

40.0 

42.5 

45.o 

4/ 

2 

50.0 

52.5 

55-o 

57-5 

60.0 

62.5 

65.0 

67.5 

70.0 

72 

3 

75-o 

77-5 

80.0 

82.5 

85.0 

87.5 

90.0 

92.5 

95 -o 

9< 

4 

100.0 

102.5 

105.0 

107.5 

IIO.O 

II2.5 

115-0 

117-5 

120.0 

12; 

S 

125.0 

127.5 

130.0 

132.5 

l35-o 

137-5 

140.0 

142.5 

I45-0 

14: 

6 

150.0 

152.5 

i55.o 

157.5 

160.0 

162.5 

165.0 

167.5 

170.0 

17: 

7 

i75-o 

177-5 

180.0 

182.5 

185.0 

187.5 

190.0 

192.5 

195.0 

19: 

8 

200.0 

202.5 

205.0 

207.5 

210.0 

212.5 

215.0 

217.5 

220.0 

22: 

9 

225.0 

227.5 

230.0 

232.5 

235-0 

237-5 

240.0 

242.5 

245-0 

24', 

IO 

250.0 

252.5 

255-0 

257-5 

260.0 

262.5 

265.0 

267.5 

270.0 

27: 

ii 

275.0 

277-5 

280.0 

282.5 

285.0 

287.5 

290.0 

292.5 

295-0 

29: 

12 

300.0 

302.5 

305-0 

307.5 

310.0 

312.5 

315-0 

317-5 

320.0 

32: 

13 

325-0 

327-5 

330.0 

332.5 

335-o 

337-5 

340.0 

342.5 

345-0 

34! 

14 

35o.o 

352.5 

355-0 

357-5 

360.0 

362.5 

365-0 

367-5 

370.0 

37: 

IS 

375-Q 

377-5 

380.0 

382.5 

385.0 

387.5 

390.0 

392.5 

395-o 

39! 

16 

400.0 

402.5 

405-0 

407-5 

410.0 

412.5 

415.0 

417-5 

420.0 

42: 

17 

425.0 

427-5 

430.0 

432.5 

435-o 

437-5 

440.0 

442.5 

445-0 

44: 

18 

45o.o 

452.5 

455-o 

457-5 

460.0 

462."; 

465.0 

467-5 

470.0 

47: 

ig 

475-o 

477-5 

4S0.0 

482.5 

485-0 

487-5 

490.0 

492.5 

495-o 

49' 

20 

500.0 

502.5 

505.0 

507.5 

510.0 

512.5 

515-0 

517-5 

520.0 

52: 

21 

525-o 

527.5 

e*?  •>  c 

53  5 -o 

537-5 

540.0 

542.5 

545-0 

54: 

530.0 

53z-5 

22 

55o.o 

552-5 

555-o 

557-5 

560.0 

562.5 

565.0 

567-5 

570.0 

57: 

23 

575-o 

577-5 

580.0 

532.5 

585.0 

587.5 

590.0 

592.5 

595.o 

59! 

24 

600.0 

602.5 

605.0 

607.5 

610.0 

612.5 

615.0 

617-5 

620.0 

62: 

25 

625.0 

627.5 

630.0 

632.5 

635-0 

637.5 

640.0 

642.5 

645.0 

64: 

26 

650.0 

652.5 

655.o 

657.5 

660.0 

662.5 

665.0 

667.5 

670.0 

67: 

27 

675.0 

677-5 

6S0.0 

682.5 

685.0 

687.5 

690.0 

692.5 

695.0 

69; 

28 

700.0 

702.5 

705.0 

707.5 

710.0 

712.5 

715-0 

717-5 

720.0 

72: 

29 

725.0 

727-5 

730.0 

732.5 

735-o 

737-5 

740.0 

742.5 

745-0 

74', 

30 

750.0 

752.5 

755-o 

757-5 

760.0 

762.5 

765.0 

767.5 

770.0 

77: 

31 

775-o 

777-5 

780.0 

782.5 

785.0 

787.5 

790.0 

792. 5 

795-o 

795 

32 

800.0 

802.5 

805.0 

807.5 

810.0 

812.5 

815.0 

817.5 

820.0 

82; 

33 

825.0 

827.5 

830.0 

832.5 

835.0 

837.5 

840.0 

842.5 

845-0 

84/ 

34 

850.0 

852.5 

855.0 

857.5 

860.0 

862.5 

865.0 

867.5 

870.0 

872 

35 

875.0 

877.5 

880.0 

882.5 

885.0 

887.5 

890.0 

892.5 

895.0 

897 

36 

900.0 

902.5 

905.0 

907.5 

910.0 

912.5 

915.0 

917.5 

920.0 

922 

37 

925.0 

927-5 

930.0 

932.5 

935-o 

937-5 

940.0 

942.5 

945-o 

947 

38 

950.0 

952.5 

955-o 

957-5 

960.0 

962.5 

965.0 

967-5 

970.0 

972 

39 

975-o 

977-5 

980.0 

982.5 

985.0 

987.5 

990.0 

992.5 

995-o 

997 

40 

1000.0 

1002.5 

1005.0 

IOO7.5 

IOIO.O 

1012.5 

1015.0 

1017.5 

1020.0 

1022 

4i 

1025.0 

1027.5 

1030.0 

IO32.5 

1035.0 

I037-5 

1040.0 

1042.5 

1045.0 

1047 

42 

1050.0 

1052.5 

1055.0 

I057.5 

1060.0 

1062.5 

1065.0 

1067.5 

1070.0 

1072 

43 

1075.0 

1077.5 

1080.0 

1082.5 

1085.0 

1087.5 

1090.0 

1092.5 

1095.0 

1097 

44 

IIOO.O 

1102.5 

1 105.0 

IIO7.5 

I  IIO.O 

1112.5 

1115.0 

HI7-5 

1 1 20.0 

1122 

45 

1125.0 

H27-5 

1 130.0 

II32.5 

1135.0 

II37-5 

1 140.0 

1142.5 

H45-0 

1147 

46 

1 1 50.0 

1152.5 

II5S-0 

II57.5 

1160.0 

1162.5 

1165.0 

1167.5 

1 1 70.0 

1172. 

47 

1175.0 

H77-5 

1 1 80.0 

1182.5 

1185.0 

1187.5 

1 190.0 

1192.5 

H95-0 

H97- 

48 

1200.0 

1202.5 

1205.0 

1207.5 

I2IO.O 

1212.5 

1215.0 

1217.5 

1220.0 

1222. 

49 

1225.0 

1227.5 

1230.0 

1232.5 

I235-0 

1237.5 

1240.0 

1242.5 

1245.0 

1247. 

SO 

1250.0 

1252.5 

I255-0 

1257.5 

I260.O 

1262.5 

1265.0 

1267.5 

1270.0 

1272. 
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able  1 60. — Volume  of  50'  Sections  in  Cubic  Feet  for  Sum 
of  End  Areas. — Continued 

COMPILED   BY   J.    H.    HUBER,    ASSISTANT    ENGINEER,    BUFFALO,    N.    Y. 


Sum  of 

nd  Areas 

0.0 

O.I 

0.2 

0.3 

0.4 

o-5 

0.6 

0.7 

0.8 

0.9 

Sq.  Ft. 

5° 

1250.0 

1252.5 

1255.0 

1257.5 

1260.0 

1262.5 

I265.C 

1267.5 

I270.C 

1272.5 

Si 

1275.0 

1277.5  1280.0 

,1282.5 

1285.0 

1287.5  1290.C 

1292.5 

I295.C 

1297-5 

52 

1300.0 

1302.5  1305.0 

1307.5 

1310.0 

1312.5 

1315.0 

1317-5 

1320.0 

1322.5 

53 

1325-0 

1327-5 

1330.0 

1332.5 

i335-o 

1337-5 

1340.0 

1342.5 

1345.0 

1347-5 

54 

1350.0 

1352.5 

1355.0 

1357.5 

1360.0 

1362.5 

1365.0 

1367.5 

1370.0 

1372.5 

55 

i375.o 

1377-5 

1380.0 

1382.5 

1385.0 

1387.5 

1390.0 

1392.5 

1395.0 

1397.5 

56 

1400.0 

1402.5 

1405.0 

1407.5 

1410.0 

1412.5 

1415.0 

1417.5 

1420.0 

1422.5 

57 

1425-0 

I427-5 

1430.0 

1432.5 1435.0 

1437-5 

1440.0 

1442.5 

1445.0 

1447.5 

58 

1450.0 

1452.5 

1455.0 

1457.5  1460.0!  1462.5 

1465.0 

1467.5 

1470.0 

1472.5 

59 

1475-0 

1477-5 

1480.0 

,1482.5  1485.0  1487.5 

1490.0 

1492.5 

1495.0 

1497.5 

60 

1500.0 

1502.5 

1505.0 

,1507.5 

1510.0J1512.5 

1515.0 

1517-5 

1520.0 

1522.5 

61 

1525-0 

I527-5 

1530.0 

1532.5 

I535.0I537.5 

1540.0 

1542.5 

1545.0 

1547-5 

62 

1550.0 

1552.5 

1555.0 

1557.5 

1560.0  1562.5 

156.5.0 

1567-5 

1570.0 

1572.5 

63 

i575-o 

1577-5 

1580.0 

1582.5  I5S5.0JI587.5 

1590.0 

1592.5 

i595-o 

1597.5 

64 

1600.0 

1602.5  1605.0 

1607.5 1 1610.0;  1612.5 

1615.0 

1617.5 

1620.0 

1622.5 

65 

1625.0 

1627.511630.0 

1632.5 

1635.0 

1637.5 

1640.0 

1642.5 

1645.0 

1647-5 

66 

1650.0 

1652.5  1655.0 

1657.5 

1660.0 

1662.5 

1665.0 

1667.5 

1670.0 

1672.5 

67 

1675.0 

1677.5  1680.0 

1682.5 

1685.0 

1687.5 

1690.0 

1692.5 

1695.0 

1697.5 

68 

1700.0 

1702.5!  1705.0 

1707.511710.0 

1712.5 

1715.0 

1717.5 

1720.0 

1722.5 

69 

1725-0 

1727.5  1730.0 

1732.5 1735.0 

1737.5 

1740.0 

1742.5 

I745-0 

1747.5 

70 

r75o.o 

1752.5 1755.0 

1757.5  1760.0 

1762.5 

1765.0 

1767.5 

1770.0 

1772.5 

7i 

i775-o 

1777.5 

1780.0 

1782.5 

178S.O 

1787.5 

1790.0 

1792.5 

I795.0 

1797-5 

72 

1800.0 

1802.5 

1805.0 

1807.5 

1810.0 

1812.5 

1815.0 

1817.5 

1820.0 

1822.5 

73 

1825.0 

1827.5 

1830.0 

1832.5 

1S3S.0 

1837.5 

1840.0 

1842.5 

1845.0 

1847-5 

74 

1850.0 

1852.5 

1855.0 

1857.5 

1860.0 

1S62.5 

1865.0 

IS67.5 

1870.0 

1872.5 

75 

1S75.0 

1877.5 

1880.0 

1882.5 

1885.0 

1887.5 

1890.0 

1892.5 

1895.0 

1897-5 

76 

1900.0 

1902.5 

1905.0 

1907.5 

1910.0 

1912.5 

1915.0 

1917.5 

1920.0 

1922.5 

77 

1925-0 

1927-5 

1930.0 

1932.5 

I935-0 

1937-5 

1940.0 

1942.5 

1945.0 

1947-5 

78 

1950.0 

1952.5 

1955.0 

1957.5 

1960.0 

1962.5 

1965.0 

1967.5 

1970.0 

1972.5 

79 

i975.o 

1977.5 

I9S0.0 

I9S2.5 

1985.0 

1987.5 

1990.0 

1992.5 

1995.0 

1997-5 

80 

2000.0 

2002.5 

2005.0 

2007.5 

2010.0 

2012.5 

2015.0 

2017.5 

2020.0 

2022.5 

81 

2025.0 

2027.5 

2030.0 

2032.5 

203  5.0 

2037.5 

2040.0 

2042.5 

2045.0 

2047.5 

82 

2050.0 

2052.5 

2055.0 

2057.5 

2060.0 

2062.5 

2065.0 

2067.5 

2070.0 

2072.5 

83 

2075.0 

2077.5 

2080.0 

2082.5 

2085.0 

2087.5 

2090.0 

2092.5 

2095.0 

2097.5 

84 

2100.0 

2102.5 

2105.0 

2107.5 

2110.0 

2112.5 

2115.0 

2117.5 

2120.0 

2122.5 

85 

2125.0 

2127.5 

2130.0 

2132.5 

2135-0 

2137-5 

2140.0 

2142.5 

2145.0 

2147-5 

86 

2150.0 

2152.5 

2155.0 

2157.5 

2160.0 

2162.5 

2165.0 

2167.5 

2170.0 

2172.5 

87 

2i75-o 

2177.5 

2180.0 

2182.5 

2185.01 

2187.5 

2190.0 

2192.5 

2195-0 

2197-5 

88 

2200.0 

2202.5 

2205.0 

2207.5 

2210.0 

2212.5 

2215.0 

2217.5 

2220.0 

2222.5 

89 

2225.0 

2227.5 

2230.0 

2232.5 

2235.0 

2237-5 

2240.0 

2242.5 

2245.0 

2247.5 

90 

2250.0 

2252.5 

2255.0 

2257.5 

2260.0 

2262.5 

2265.0 

2267.5 

2270.0 

2272.5 

9i 

2275.0 

2277.5' 

2280.0 

2282.5 

2285.0' 

2287.5 

2290.0 

2292.5 

2295.0 

2297.5 

92 

2300.0 

2302.5 

2305.0 

2307.5 

2310.0 

2312.5 

2315.0 

2317.5 

2320.0 

2322.5 

93 

2325.0 

2327.5, 

2330.0 

2332.5 

2335.o 

2337-5 

2340.0 

2342.5 

2345  -o 

2347-5 

94 

2350.0 

2352.5 

2355.0 

2357.5 

2360.0 

2362.5 

2365.0 

2367.5 

2370.0 

2372.5 

95 

2375-0 

2377.5 

2380.0 

2382.5 

2385.0 

2387.5 

2390.0 

2392.5 

2395-Q 

2397.5 

96 

2400.0 

2402.5 

2405-0 

2407.5 

2410.0 

2412.5 

2415.0 

2417.5 

2420.0 

2422.5 

97 

2425.0 

2427.5 

2430.0 

2432.5 

2435-0 

2437.5 

2440.0 

2442.5 

2445.0 

2447-5 

98 

2450.0 

2452.5 

2455.0 

2457-5 

2460.0 

2462.5 

2465-0 

2467.5 

2470.0 

2472.5 

99 

2475-Q 

2477.5 

2480.0 

2482.5 

2485.0 

2487.5 

2490.0 

2492.5 

2495-Q 

2497-5 

100 

2500.0 

2502.5 

2505.0 

2507.5 

2510.0 

2512.5 

2515.0 

2517.5 

2520.0 

2522.5 

tOPORTII 

3NAL  PART?!0'0    oi    °'2    °*3    °'4     °s      °-0      °'7      °8      °'9 

2.5     5. 

0     7.5 

10.0 

C2.5    I 

5.0   17 

.5     20. 

0    22.5 
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Table  161. — Cubic  Feet  and  Cubic  Yards 


0-1350 

1350-2700 

2700-4050 

4050-5400 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

1    ' 
Feet 

Yds. 

27 

1 

77 

5i 

2,727 

101 

77 

1  Si 

54 

2 

1,404 

2 

54 

2 

4,104 

2 

81 

3 

3i 

3 

81 

3 

31 

3 

108 

4 

58 

4 

2,808 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

1,512 

6 

62 

6 

4,212 

6 

89 

7 

39 

7 

89 

7 

39 

7 

216 

8 

66 

8 

2,916 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

10 

1,620 

60 

70 

no 

4,320 

160 

97 

1 

47 

1 

97 

1 

47 

I 

324 

2 

74 

2 

3,024 

2 

74 

2 

5i 

3 

1,701 

3 

51 

3 

4,401 

3 

78 

4 

28 

4 

78 

4 

28 

4 

405 

5 

55 

5 

3,ios 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

7 

1,809 

7 

59 

7 

4,509 

7 

86 

8 

36 

8 

86 

8 

36 

8 

513 

9 

63 

9 

3,213 

9 

63 

9 

40 

20 

90 

70 

40 

120 

90 

170 

67 

1 

i,9i7 

I 

67 

1 

4,617 

1 

94 

2 

44 

2 

94 

2 

44 

2 

621 

3 

71 

3 

3,321 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

2,025 

5 

75 

5 

4,725 

5 

702 

6 

52 

6 

3,402 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

2,106 

8 

56 

8 

4,806 

8 

83 

9 

33 

9 

83 

9 

33 

9 

810 

30 

60 

80 

3,5io 

130 

60 

1  So 

37 

I 

87 

1 

37 

1 

87 

1 

64 

2 

2,214 

2 

64 

2 

4,914 

2 

91 

3 

41 

3 

91 

3 

41 

3 

918 

4 

68 

4 

3,6i8 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

2,322 

6 

72 

6 

5,022 

6 

99 

7 

49 

7 

99 

7 

49 

7 

1,026 

8 

76 

8 

3,726 

8 

76 

8 

53 

9 

2,403 

9 

53 

9 

5,103 

9 

80 

40 

30 

90 

80 

140 

30 

190 

1,107 

1 

57 

I 

3,807 

1 

57 

1 

34 

2 

84 

2 

34 

2 

84 

2 

61 

3 

2,5" 

3 

61 

3 

5,211 

3 

88 

4 

38 

4 

88 

4 

38 

4 

1,215 

5 

65 

5 

3,9i5 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

2,619 

7 

69 

7 

5,319 

7 

96 

8 

46 

8 

96 

8 

46 

8 

1.323 

9 

73 

9 

4,023 

9 

73 

9 

5° 

5° 

2,700 

100 

50 

150  | 

5,400 

200 
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975 


5400- 

6750 

! 

6/5O-81OO 

8100-9450 

9450-10,800 

Feet 

Yds. 

Feet 

1 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

5,427 

201 

77 

251 

8,127 

301 

77 

35i 

54 

2 

6,804 

2 

54 

2 

9,504 

2 

81 

3 

31 

3 

81 

3 

3i 

3 

5,5o8 

4 

58 

4 

8,208 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

6,912 

6 

62 

6 

9,612 

6 

&9 

7 

39 

7 

89 

7 

39 

7 

5,6i6 

8 

66 

8 

8,316 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

210 

7,020 

260 

70 

310 

9,720 

360 

97 

1 

47 

1 

97 

1 

47 

1 

5,724 

2 

74 

2 

8,424 

2 

74 

2 

51 

3 

7,101 

3 

5i 

3 

9,801 

3 

78 

4 

28 

4 

78 

4 

28 

4 

5,8oS 

5 

55 

5 

8,505 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

7 

7,209 

7 

59 

7 

9,909 

7 

86 

8 

36 

8 

86 

8 

36 

8 

5,913 

9 

63 

9 

8,613 

9 

63 

9 

40 

220 

90 

270 

40 

320 

90 

370 

67 

I 

7,317 

1 

67 

1 

10,017 

1 

94 

2 

44 

2 

94 

a 

44 

2 

6,021 

3 

71 

3 

8,721 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

7,425 

5 

75 

5 

10,125 

5 

6,102 

6 

52 

6 

8,802 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

7,5o6 

8 

56 

8 

10,206 

8 

83 

9 

33 

9 

83 

9 

33 

9 

6,210 

230 

60 

280  ! 

8,910 

330 

60 

380 

37 

1 

87 

I 

37 

1 

87 

1 

64 

2 

7,614 

2 

64 

2 

10,314 

2 

91 

3 

41 

3 

91 

3 

41 

3 

6,318 

4 

68 

4 

9,018 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

7,722 

6 

72 

6 

10,422 

6 

99 

7 

49 

7 

99 

7 

49 

7 

6,426 

8 

76 

8 

9,126 

8 

76 

8 

53 

9 

7,803 

9 

53 

9 

10,503 

9 

80 

240 

30 

290 

80 

340 

30 

390 

6,507 

1 

57 

1 

9,207 

1 

57 

1 

34 

2 

84 

2 

34 

2 

84 

2 

61 

3 

7,9H 

3 

61 

3 

10,611 

3 

88 

4 

38 

4 

88 

4 

38 

4 

6,615 

5 

65 

5 

9,315 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

8,019 

7 

69 

7 

10,719 

7 

96 

8 

46 

8 

96 

8 

46 

8 

6,723 

9 

73 

9 

9,423 

9 

73 

9 

50 

250 

8,100 

300 

50 

35° 

10,800 

400 

! 
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10,800-12,150 

12,150-13,500 

13,500-14,850 

14,850-16,200 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

10,827 

401 

77 

45i 

13,527 

501 

177 

55i 

54 

2 

12,204 

2 

54 

2 

14,904 

2 

81 

3 

3i 

3 

81 

3 

31 

3 

io,go8 

4 

58 

4 

13,608 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

12,312 

6 

62 

6 

15,012 

6 

80 

7 

39 

7 

89 

7 

39 

7 

11,016 

8 

66 

8 

I3,7i6 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

410 

12,420 

460 

70 

5io 

15,120 

560 

97 

1 

47 

I 

97 

I 

47 

I 

11,124 

2 

74 

2 

13,824 

2 

74 

2 

5i 

3 

12,501 

3 

51 

3 

15,201 

3 

78 

4 

28 

4 

78 

4 

28 

4 

11,205 

5 

55 

5 

13,905 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

7 

12,609 

7 

59 

7 

15,309 

7 

86 

8 

36 

8 

86 

8 

36 

8 

n,3i3 

9 

63 

9 

14,013 

9 

63 

9 

40 

420 

90 

470 

40 

520 

90 

570 

67 

1 

12,717 

1 

67 

1 . 

I5,4i7 

1 

94 

2 

44 

*  2 

94 

2 

44 

2 

11,421 

3 

71 

3 

14,121 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

12,825 

5 

75 

5 

15,525 

5 

11,502 

6 

52 

6 

14,202 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

12,906 

8 

56 

8 

15,606 

8 

83 

9 

33 

9 

&3 

9 

33 

9 

11,610 

430 

60 

480 

14,310 

530 

60 

580 

37 

1 

87 

I 

37 

I 

87 

1 

64 

2 

13,014 

2 

64 

2 

15,714 

2 

9i 

3 

41 

3 

91 

3 

41 

3 

11,718 

4 

68 

4 

14,418 

4 

68 

\ 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

13,122 

6 

72 

6 

15,822 

6 

99 

7 

49 

7 

99 

7 

49 

7 

11,826 

8 

76 

8 

14,526 

8 

76 

8 

53 

9 

13,203 

9 

53 

9 

15,903 

9 

80 

440 

30 

490 

80 

540 

30 

590 

11,907 

1 

57 

1 

14,607 

I 

57 

1 

34 

2 

84 

2 

34 

2 

§4 

2 

61 

3 

I3,3H 

3 

61 

3 

16,011 

3 

88 

4 

38 

4 

88 

4 

38 

4 

12,015 

5 

65 

5 

i4,7iS 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

13,419 

7 

69 

7 

16,119 

7 

96 

8 

46 

8 

96 

8 

46 

8 

1*, 123 

9 

73 

9 

14,823 

9 

73 

9 

50 

450 

13,500 

500 

50 

S50 

16,200 

600 

EARTHWORK  QUANTITIES 
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16,200-17,550 

17.550-18,900 

18,900-20,250 

20,250- 

2I,6oo 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

16,227 

601 

77 

651 

18,927 

701 

77 

75i 

54 

2 

17,604 

2 

54 

2 

20,304 

2 

81 

3 

3i 

3 

81 

3 

31 

3 

16,308 

4 

58 

4 

19,008 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

17,712 

6 

62 

6 

20,412 

6 

89 

7 

39 

7 

89 

7 

39 

7 

16,416 

8 

66 

8 

19,116 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

610 

17,820 

660 

70 

710 

20,520 

'  760 

97 

1 

47 

1 

97 

1 

47 

I 

16,524 

2 

74 

2 

19,224 

2 

74 

2 

51 

3 

17,901 

3 

51 

3 

20,601 

3 

78 

4 

28 

4 

78 

4 

28 

4 

16,605 

5 

55 

5 

19,305 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

7 

18,009 

7 

59 

7 

20,709 

7 

86 

8 

36 

8 

86 

8 

36 

8 

16,713 

9 

63 

9 

19,413 

9 

63 

9 

40 

620 

90 

670 

40 

720 

90 

770 

67 

1 

18,117 

1 

67 

1 

20,817 

I 

94 

2 

44 

2 

94 

2 

44 

2 

x6,82i 

3 

71 

3 

19,521 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

18,225 

5 

75 

5 

20,925 

5 

16,902 

6 

52 

6 

ig,6o2 

6 

52 

6 

29 

7 

79 

7 

20 

7 

79 

7 

56 

S 

18,306 

8 

56 

8 

21,006 

8 

83 

9 

33 

9 

83 

9 

33 

9 

17,010 

630 

60 

680 

19,710 

730 

60 

780 

37 

1 

87 

1 

37 

I 

87 

1 

64 

2 

18,414 

2 

64 

2 

21,114 

2 

91 

3 

41 

3 

91 

3 

41 

3 

17,118 

4 

68 

4 

19,818 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

18,522 

6 

72 

6 

21,222 

6 

99 

7 

49 

7 

99 

7 

49 

7 

17,226 

8 

76 

8 

19,926 

8 

76 

8 

53 

9 

18,603 

9 

53 

9 

21,303 

9 

80 

640 

30 

690 

80 

740 

30 

790 

17,307 

1 

57 

1 

20,007 

1 

57 

1 

34 

2 

84 

2 

34 

2 

84 

2 

61 

3 

18,711 

3 

61 

3 

21,411 

3 

88 

4 

38 

4 

88 

4 

38 

4 

17,415 

5 

65 

5 

20,115 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

18,819 

7 

69 

7 

21,519 

7 

96 

8 

46 

8 

96 

8 

46 

8 

17,523 

9 

73 

9 

20,223 

9 

73 

9 

50 

650 

18,900 

700 

50 

750 

21,600 

800 

978 
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21,600-22,950 

22,950-24,300 

24,300-25,650 

25,650-27,000 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

21,627 

801 

77 

851 

24,327 

901 

77 

95i 

54 

2 

23,004 

2 

54 

2 

25,704 

2 

81 

3 

31 

3 

81 

3 

3i 

3 

21,708 

4 

58 

4 

24,408 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

23,112 

6 

62 

6 

25,812 

6 

89 

7 

39 

7 

89 

7 

39 

7 

21,816 

8 

66 

8 

24,516 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

810 

23,220 

860 

70 

910 

25,920 

960 

97 

1 

47 

1 

97 

1 

47 

1 

21,924 

2 

74 

2 

24,624 

2 

74 

2 

51 

3 

23>3Qi 

3 

51 

3 

26,001 

3 

78 

4 

28 

4 

78 

4 

28 

4 

22,005 

5 

55 

5 

24,705 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

50 

7 

23.409 

7 

59 

7 

26,109 

7 

86 

8 

36 

8 

86 

8 

36 

8 

22,113 

9 

63 

9 

24,813 

9 

63 

9 

40 

820 

90 

870 

40 

920 

90 

970 

67 

1 

23,517 

1 

67 

1 

26,217 

1 

94 

2 

44 

2 

94 

2 

44 

2 

22,221 

3 

71 

3 

24,921 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

23,625 

5 

75 

5 

26,325 

5 

22,302 

6 

52 

6 

25,002 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

23,706 

8 

56 

8 

26,406 

8 

83 

9 

33 

9 

83 

9 

33 

9 

22,410 

830 

60 

880 

25,110 

930 

60 

980 

37 

1 

87 

1 

37 

1 

87 

1 

64 

2 

23,814 

2 

64 

2 

26,514 

2 

01 

3 

41 

3 

9i 

3 

41 

3 

22,518 

4 

68 

4 

25,218 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

23,922 

6 

72 

6 

26,622 

6 

99 

7 

49 

7 

99 

7 

49 

7 

22,626 

8 

76 

8 

25,326 

8 

76 

8 

53 

9 

24,003 

9 

53 

9 

26,703 

9 

80 

840 

30 

890 

80 

940 

30 

990 

22,707 

1 

57 

I 

25,407 

1 

57 

1 

34 

2 

84 

2 

34 

2 

84 

2 

61 

3 

24,111 

3 

61 

3 

26,811 

3 

88 

4 

38 

4 

88 

4 

38 

4 

22,815 

5 

65 

5 

25,515 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

24,219 

7 

69 

7 

26,919 

7 

96 

8 

46 

8 

96 

8 

46 

8 

22,923 

9 

73 

9 

25,623 

9 

73 

9 

50 

850 

24,300 

900 

50 

950 

27,000 

1000 

EARTHWORK  QUANTITIES 
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27,000-28,350 

28,350-29,700 

I 

29,700- 

31,050 

31,050-32,400 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

27,027 

IOOI 

77 

1051 

29,727 

IIOI 

77 

1151 

54 

2 

28,404 

2 

54 

2 

31,104 

2 

•  81 

3 

31 

3 

81 

3 

31 

3 

27,108 

4 

58 

4 

29,808 

4 

58 

4 

3S 

5 

85 

5 

35 

5 

85 

5 

62 

6 

28,512 

6 

62 

6 

31,212 

6 

80 

7 

39 

7 

89 

7 

39 

7 

27,216 

8 

66 

8 

29,916 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

IOIO 

28,620 

1060 

70 

IIIO 

31,320 

1160 

97 

I 

47 

1 

97 

1 

47 

1 

27,324 

2 

74 

2 

30,024 

2 

74 

2 

5i 

3 

28,701 

3 

51 

3 

31,401 

3 

78 

4 

28 

4 

78 

4 

28 

4 

27,405 

5 

55 

5 

30,105 

5 

55 

5 

33 

6 

82 

6 

32 

6 

82 

6 

59 

7 

28,809 

7 

59 

7 

31,509 

7 

86 

8 

36 

8 

86 

8 

36 

8 

27,513 

9 

63 

9 

30,213 

9 

63 

9 

40 

1020 

90 

1070 

40 

1 1 20 

90 

1170 

67 

1 

28,917 

1 

67 

1 

31,617 

i 

94 

2 

44 

4 

94 

2 

44 

2 

27,621 

3 

71 

3 

30,321 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

29,025 

5 

75 

5 

31,725 

5 

27,702 

6 

52 

6 

30,402 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

29,106 

8 

56 

8 

31,806 

8 

83 

9 

33 

9 

83 

9 

33 

9 

27,810 

1030 

60 

1080 

30,510 

1130 

60 

1 180 

37 

1 

87 

1 

37 

1 

87 

1 

64 

2 

29,214 

2 

64 

2 

31,914 

2 

91 

3 

4i 

3 

9i 

3 

41 

3 

27,918 

4 

68 

4 

30,618 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

29,322 

6 

72 

6 

32,022 

6 

99 

7 

49 

7 

99 

7 

49 

7 

28,026 

8 

76 

8 

30,726 

8 

76 

8 

53 

9 

29,403 

9 

53 

9 

32,103 

9 

80 

1040 

30 

1090 

80 

1 140 

30 

1190 

28,107 

1 

57 

1 

30,807 

I 

57 

1 

34 

2 

84 

2 

34 

2 

84 

2 

61 

3 

29,5H 

3 

61 

3 

32,211 

3 

88 

4 

38 

4 

88 

4 

38 

4 

28,215 

5 

65 

5 

30,915 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

29,619 

7 

69 

7 

32,319 

7 

96 

8 

46 

8 

96 

8 

46 

8 

28,323 

9 

73 

9 

31,023 

9 

73 

9 

SO 

1050 

29,700 

1 100 

50 

1150 

32,400 

1200 

g8o 
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32,400-33,750 

33,75o-35,ioo 

35,100-36,450 

36,450-37,800 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

32,427 

1 201 

77 

1251 

35,127 

1301 

77 

1351 

54 

2 

33,804 

2 

54 

2 

36,504 

2 

81 

3 

3i 

3 

81 

3 

3i 

3 

32,508 

4 

58 

4 

35,2o8 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

33,912 

6 

62 

6 

36,612 

6 

80 

7 

39 

7 

89 

7 

39 

7 

32,616 

8 

66 

8 

35,3i6 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

1210 

34,020 

1260 

70 

1310 

36,720 

1360 

97 

I 

47 

1 

97 

1 

47 

I 

32,724 

2 

74 

2 

35,424 

2 

74 

2 

51 

3 

34,ioi 

3 

51 

3 

36,801 

3 

78 

4 

28 

4 

78 

4 

28 

4 

32,805 

5 

55 

5 

35,505 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

7 

34,209 

7 

59 

7 

36,909 

7 

86 

8 

36 

8 

86 

8 

36 

8 

32,913 

9 

63 

9 

35,6i3 

9 

63 

9 

40 

1220 

90 

1270 

40 

1320 

90 

1370 

67 

1 

34,317 

I 

67 

1 

37,017 

1 

94 

2 

44 

2 

94 

2 

44 

2 

33,021 

3 

71 

3 

35,721 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

34.425 

5 

75 

5 

37,125 

5 

33.102 

6 

52 

6 

35,8o2 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

34,5o6 

8 

56 

8 

37,206 

8 

83 

9 

33 

9 

83 

9 

33 

9 

33,210 

1230 

60 

1280 

3S,9io 

1330 

60 

1380 

37 

1 

87 

1 

37 

1 

87 

1 

64 

2 

34,6i4 

2 

64 

2 

37,314 

2 

91 

3 

41 

3 

9i 

3 

41 

3 

33,3i8 

4 

68 

4 

36,018 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

34,722 

6 

72 

6 

37,422 

6 

99 

7 

49 

7 

99 

7 

49 

7 

33,426 

8 

76 

S 

36,126 

8 

76 

8 

53 

9 

34,803 

9 

53 

9 

37,503 

9 

80 

1240 

30 

1290 

80 

1340 

30 

1390 

33,507 

I 

57 

I 

36,207 

I 

57 

I 

34 

2 

84 

2 

34 

2 

84 

2 

61 

3 

34,9ii 

3 

61 

3 

37,6n 

3 

88 

4 

38 

4 

88 

4 

38 

4 

33,6i5 

5 

65 

5 

36,315 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

35,oi9 

7 

69 

7 

37,719 

7 

96 

8 

46 

8 

96 

8 

46 

8 

33,723 

9 

73 

9 

36,423 

9 

73 

9 

SO 

1250 

35,ioo 

1300  1 
1 

50 

1350 

37,8oo 

1400 

EARTHWORK  QUANTITIES 

981 

Table  161 

— Concluded 

37,800-39,150 

39,150-40,500 

40,500-41,850 

41,850-43,200 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

37,827 

1401 

77 

2451 

40,527 

1501 

77 

1551 

54 

2 

39,204 

2 

54 

2 

41,904 

2 

81 

3 

3i 

3 

81 

3 

3i 

3 

37,9o8 

4 

58 

4 

40,608 

4 

58 

4 

35 

5 

&S 

5 

35 

5 

85 

5 

62 

6 

39,312 

6 

62 

6 

42,012 

6 

89 

7 

39 

7 

89 

7 

39 

7 

38,016 

8 

66 

8 

40,716 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

1410 

39,420 

1460 

70 

1510 

42,120 

1560 

97 

I 

47 

I 

97 

I 

47 

I 

38,124 

2 

74 

2 

40,824 

2 

74 

2 

51 

3 

39,501 

3 

51 

3 

42,201 

3 

78 

4 

28 

4 

78 

4 

28 

4 

38,205 

5 

55 

5 

40,905 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

7 

39,609 

7 

59 

7 

42,309 

7 

86 

8 

36 

8 

86 

8 

36 

8 

38,313 

9 

63 

9 

41,013 

9 

63 

9 

40 

1420 

90 

1470 

40 

1520 

90 

1570 

67 

1 

39,7i7 

I 

67 

1 

42,417 

I 

94 

2 

44 

2 

94 

2 

44 

2 

38,421 

3 

71 

3 

41,121 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

39,825 

5 

75 

5 

42,525 

5 

38,502 

6 

52 

6 

41,202 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

39,906 

8 

56 

8 

42,606 

8 

83 

9 

33 

9 

83 

9 

33 

9 

38,610 

1430 

60 

1480 

41,310 

1530 

60 

1580 

37 

1 

87 

1 

37 

1 

87 

1 

64 

2 

40,014 

2 

64 

2 

42,714 

2 

9i 

3 

41 

3 

91 

3 

41 

3 

38,718 

4 

68 

4 

41,418 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

40,122 

6 

/2 

6 

42,822 

6 

99 

7 

49 

7 

99 

7 

49 

7 

38,826 

8 

76 

8 

41,526 

8 

76 

8 

53 

9 

40,203 

9 

53 

9 

42,903 

9 

80 

1440 

30 

1490 

80 

1540 

30 

1590 

38,907 

1 

57 

I 

41,607 

1 

57 

1 

34 

2 

84 

2 

34 

2 

.    84 

2 

61 

3 

40  311 

3 

61 

3 

43,on 

3 

88 

4 

38 

4 

88 

4 

38 

4 

39,oi5 

5 

65 

5 

41,715 

5 

65 

5 

42 

6 

92 

6 

42 

6 

92 

6 

69 

7 

40,419 

7 

69 

7 

43.II9 

7 

96 

8 

46 

8 

96 

8 

46 

8 

39,123 

9 

73 

9 

41,823 

9 

73 

9 

50 

1450 

40,500 

1500 

50 

I550 

43,200 

1600 

982 
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Table    162. — New    York    State    Department   of    Highways 
Earthwork  Computation  Tables 

Distance  horizontal.     Sum  of  areas  vertical.     Quantities  in  cubic 

yards 


2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

p'ublei 
j  Areas 

0.0 

O.I 

O.I 

O.I 

O.I 

O.I 

O.I 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3,      I  .0 

0.0 

O.I 

O.I 

O.I 

O.I 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

2 

O.I 

O.I 

O.I 

O.I 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

o-3 

0.4]           4 

O.I 

O.I 

O.I 

O.I 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4J          6 

O.I 

O.I 

O.I 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 

8 

O.I 

O.I 

O.I 

0.2 

0.2 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

o-5 

0.5 

2.0 

O.I 

O.I 

0.2 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 

o-S 

0.6 

2 

O.I 

O.I 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 

o-S 

0.6 

0.6 

4 

O.I 

O.I 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

6 

O.I 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

o-S 

0.5 

0.6 

0.6 

0.7 

0.7 

8 

O.I 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

o-S 

0.6 

0.6 

0.7 

o-7 

0.8 

3-o 

O.I 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

o-S 

0.6 

0.7 

0.7 

0.8 

0.8 

2 

O.I 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

4 

O.I 

0.2 

0.3 

0.3 

0.4 

o-S 

o-S 

0.6 

0.7 

0.7 

0.8 

0.9 

0.9 

6 

O.I 

0.2 

0.3 

0.4 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

1.0 

8 

O.I 

0.2 

0.3 

0.4 

0.4 

o-S 

0.6 

0.7 

0.7 

0.8 

0.9 

1.0 

1.0 

4.0 

0.2 

0.2 

0.3 

0.4 

o-S 

o-S 

0.6 

0.7 

0.8 

0.9 

0.9 

1.0 

1.1 

2 

0.2 

0.2 

0.3 

0.4 

o-S 

0.6 

0.7 

0.7 

0.8 

0.9 

1.0 

1.1 

1.1 

4 

0.2 

0.3 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.9 

1.0 

1.1 

1.2 

6 

0.2 

0.3 

0.4 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1.2 

8 

0.2 

0.3 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1-3 

5.0 

0.2 

o-3 

0.4 

o-S 

0.6 

0.7 

0.8 

0.9 

1.0 

I.I 

1.2 

1-3 

1-3 

2 

0.2 

0.3 

0.4 

o-S 

0.6 

0.7 

0.8 

0.9 

1.0 

I.I 

1.2 

1-3 

1.4 

4 

0.2 

0.3 

0.4 

o-S 

0.6 

0.7 

0.8 

0.9 

1.0 

I.I 

1.2 

1-3 

1-5 

6 

0.2 

0.3 

0.4 

0.5 

0.6 

0.8 

0.9 

1.0 

1.1 

1.2 

1-3 

1.4 

1-5 

8 

0.2 

0.3 

0.4 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1-3 

1.4 

1.6 

6.0 

0.2 

0.3 

o-5 

0.6 

0.7 

0.8 

0.9 

1.1 

1.1 

1-3 

1.4 

i-5 

1.6 

2 

0.2 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.1 

1.2 

1-3 

1.4 

1-5 

1-7 

4 

0.2 

0.4 

o-S 

0.6 

0.7 

0.9 

1.0 

1.1 

1.2 

1-3 

1.5 

1.6 

1-7 

6 

0.3 

0.4 

o-S 

0.6 

0.7 

0.9 

1.0 

1.1 

1-3 

1.4 

i-5 

1.6 

1.8 

8 

0.3 

0.4 

o-S 

0.6 

0.8 

0.9 

1.0 

1.2 

1-3 

1.4 

1.6 

1-7 

1.8 

7.0 

o-3 

0.4 

0.5 

0.7 

0.8 

0.9 

1.1 

1.2 

1-3 

1-5 

1.6 

i-7 

1.9 

2 

o-3 

0.4 

o-S 

0.7 

0.8 

1.0 

1.1 

1.2 

1.4 

i-5 

1.6 

1.8 

1.9 

4 

0.3 

0.4 

0.6 

0.7 

0.8 

1.0 

1.1 

1-3 

1.4 

1-5 

i-7 

1.8 

2.0 

6 

0.3 

0.4 

0.6 

0.7 

0.9 

1.0 

1.2 

1-3 

1.4 

1.6 

1-7 

1.9 

2.0 

8 

o-3 

0.4 

0.6 

0.7 

0.9 

1.0 

1.2 

1-3 

1-5 

1.6 

1.8 

1.9 

2.1 

8.0 

0.3 

0.5 

0.6 

0.8 

0.9 

1.1 

1.2 

1.4 

i-5 

1-7 

1.8 

2.0 

2.1 

2 

0.3 

0.5 

0.6 

0.8 

0.9 

1.1 

1.2 

1.4 

1.6 

i-7 

1.9 

2.0 

2.2 

4 

0.3 

0.5 

0.6 

0.8 

1.0 

1.1 

1-3 

1.4 

1.6 

1-7 

1.9 

2.1 

2.2 

6 

0.3 

0.5 

0.7 

0.8 

I.O 

1.1 

1-3 

i-5 

1.6 

1.8 

2.0 

2.1 

2.3 

8 

0.3 

0.5 

0.7 

0.9 

1.0 

1.2 

1-3 

1-5 

1-7 

1.8 

2.0 

2.2 

2.3 

9.0 

0.3 

0.5 

0.7 

0.9 

1.0 

1.2 

1.4 

1-5 

1-7 

1.9 

2.0 

2.2 

2.4 

2 

0.3 

o.S 

0.7 

0.9 

1.0 

1.2 

1.4 

1.6 

1-7 

1.9 

2.1 

2-3 

2.4 

4 

0.4 

0.5 

0.7 

0.9 

I.I 

1.2 

1.4 

1.6 

1.8 

2.0 

2.1 

2-3 

2-5 

6 

0.4 

o-S 

0.7 

0.9 

I.I 

1-3 

1-5 

1.6 

1.8 

2.0 

2.2 

2.4 

2-5 

8 

0.4 

0.6 

0.7 

0.9 

I.I 

1-3 

1-5 

1-7 

1.9 

2.0 

2.2 

2.4 

2.6 

10.0 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

1.9 

2.1 

2-3 

2-5 

2.7 

5 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.91 

11.0 

0.4 

0.6 

0.9 

I.I 

1-3 

i-5 

1-7 

1-9 

2.1 

2-3 

2-5 

2.8 

3.0 

5 

0.4 

0.7 

0.9 

I.I 

1-3 

1.6 

1.8 

2.0 

2.2 

2.4 

2.7 

2.9 

3.1 

12.0 

0.5 

0.7 

0.9 

Z.2 

1.4 

1.6 

1.9 

2.1 

2-3 

2-5 

2.8 

3.o 

3-2 

5 

0.5 

0.7 

1.0 

1.2 

1-5 

i-7 

2.0 

2.2 

2.4 

2.6 

2.9 

3-i 

3-4 

13-0 

0.5 

0.7 

1.0 

1-3 

1-5 

1.8 

2.0 

2-3 

2-5 

2.7 

3-0 

3-3 

3.5i 

5 

..5 

0.8 

z.o 

1-3 

1.6 

1.8 

2.1 

2.3 

2.6 

2.8 

3-1 

3-4 

J3 

14.0 

EARTHWORK  QUANTITIES 

983 

a 
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. — Continued 

V,  °-3 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

D'uble 
Areas 

0.3 

°-3 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

o-5 

0.5 

0.5 

1.0 

i  0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.5 

0.5 

0.5 

0.5 

0.6 

0.6 

0.6 

2 

-  0.4 

0.4 

0.4 

0.5 

0.5 

0.5 

0.5 

0.6 

0.6 

0.6 

0.6 

0.7 

0.7 

4 

>  0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.7 

0.8 

0.8 

6 

0.5 

0.5 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

8 

c.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

0.9 

1.0 

1.0 

2.0 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

2 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

4 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

I.I 

1.1 

1.2 

1.2 

i-3 

1-3 

6 

0.8 

0.8 

0.9 

1.0 

1.0 

1.0 

I.I 

I.I 

1.2 

1.2 

1-3 

1.4 

1.4 

8 

0.8 

0.9 

0.9 

1.0 

I.I 

1.1 

1.2 

1.2 

1-3 

1-3 

1.4 

1.4 

i-S 

3-° 

0.9 

0.9 

1.0 

I.I 

I.I 

1.2 

1.2 

1-3 

1.4 

1.4 

i-5 

1-5 

1.6 

2 

j  0.0 

1.0 

1.1 

I.I 

1.2 

1-3 

1-3 

1.4 

1.4 

1-5 

1.6 

1.6 

i-7 

4 

1.0 

1.1 

1.1 

1.2 

1-3 

1-3 

1.4 

1-5 

i-5 

1.6 

i-7 

1-7 

1.8 

6 

1  1.1 

1.1 

1.2 

i-3 

1-3 

1.4 

1-5 

1.5 

1.6 

1-7 

1.8 

1.8 

1.9 

8 

1.1 

1.2 

1-3 

1-3 

1.4 

1-5 

1.6 

1.6 

1-7 

1.8 

1.9 

1.9 

2.0 

4.0 

1.2 

1.2 

i-3 

1.4 

1-5 

1.6 

1.6 

i-7 

1.8 

1.9 

1.9 

2.0 

2.1 

2 

1.2 

1-3 

1.4 

1-5 

1-5 

1.6 

i-7 

1.8 

1.9 

2.0 

2.0 

2.1 

2.2 

4 

1-3 

1.4 

1.4 

i-5 

1.6 

i-7 

1.8 

1.9 

2.0 

2.0 

2.1 

2.2 

2-3 

6 

1-3 

1.4 

1-5 

1.6 

1-7 

1.8 

1.8 

2.0 

2.0 

2.1 

2.2 

2-3 

2.4 

8 

1.4 

1-5 

1.6 

i-7 

1.8 

1.9 

1.9 

2.0 

2.1 

2.2 

2-3 

2.4 

2-5 

5-o 

1.4 

1-5 

1.6 

1-7 

1.8 

1.9 

2.0 

2.1 

2.2 

2-3 

2.4 

2-5 

2.6 

2 

1-5 

1.6 

1-7 

1.8 

1.9 

2.0 

2.1 

2.2 

2-3 

2.4 

2-5 

2.6 

2.7 

4 

1.6 

i-7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2-5 

2.6 

2.7 

2.8 

6 

1.6 

i-7 

1.8 

2.0 

2.0 

2.2 

2-3 

2.4 

2-5 

2.6 

2-7 

2.8 

2.9 

8 

1-7 

1.8 

1-9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.6 

2-7 

2.8 

2.g 

3-o 

6.0 

i-7 

1.8 

1.9 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.8 

2.9 

3-° 

3-1 

2 

1.8 

1.9 

2.0 

2.1 

2.2 

2.4 

2.5 

2.6 

2.7 

2.8 

3-o 

3-i 

3-2 

4 

1.8 

2.0 

2.1 

2.2 

2-3 

2.5 

2.6 

2.7 

2.8 

2.9 

3-i 

3-2 

3-3 

6 

1.9 

2.0 

2.1 

2.3 

2.4 

2-5 

2.6 

2.8 

2.9 

3-o 

3-2 

3-3 

3-4 

8 

1.9 

2.1 

2.2 

2.3 

2-5 

2.6 

2.7 

2.9 

3-o 

3-i 

3-2 

3-4 

3-5 

7.0 

2.0 

2.1 

2-3 

2.4 

2-5 

2.7 

2.8 

2.9 

3-i 

3-2 

3-3 

3-5 

3-6 

2 

2.1 

2.2 

2-3 

2-5 

2.6 

2.7 

2.9 

3-o 

3-i 

3-3 

3-4 

3-6 

3-7 

4 

2.1 

2.3 

2.4 

2-5 

2.7 

2.8 

3-o 

3-i 

3-2 

3-4 

3-5 

3-7 

3-8 

6 

2.2 

2.3 

2-5 

2.6 

2.7 

2.9 

3-o 

3-2 

3-3 

3-5 

3-6 

3-8 

3-9 

8 

2.2 

2.4 

2-5 

2-7 

2.8 

3-o 

3-1 

3-3 

3-4 

3-6 

3-7 

3-9 

4.0 

8.0 

2-3 

2.4 

2.6 

2.7 

2.9 

3-o 

3-2 

3-3 

3-5 

3-6 

3-8 

4.0 

4.1 

2 

2-3 

2-5 

2.6 

2.8 

2.9 

3-1 

3-3 

3-4 

3-6 

3-7 

3-9 

4.1 

4.2 

4 

2.4 

2-5 

2-7 

2.9 

3.0 

3-2 

3-3 

3-5 

3-7 

3-8 

4.0 

4.1 

4-3 

6 

2.4 

2.6 

2.8 

2.9 

3-i 

3-3 

3-4 

3-6 

3-8 

3-9 

4.1 

4.2 

4.4 

8 

2.5 

2.7 

2.8 

3-o 

3-2 

3-3 

3-5 

3-7 

3-8 

4.0 

4.2 

4-3 

4-5 

9.0 

2.6 

2.7 

2-9 

3-i 

3-2 

3-4 

3-6 

3-8 

3-9 

4.1 

4-3 

4.4 

4.6 

2 

2.6 

2.8 

3-o 

3-i 

3-3 

3-5 

3-7 

3-8 

4.0 

4.2 

4.4 

4-5 

4-7 

4 

2.7 

2.8 

3-° 

3-2 

3-4 

3-6 

3-7 

3-9 

4.1 

4-3 

4-5 

4.6 

4.8 

6 

2.7 

2.9 

3-i 

3-3 

3-4 

3-6 

3-8 

4.0 

4.2 

4-4 

4-5 

4-7 

4-9 

8 

2.8 

3-o 

3-1 

3-3 

3-5 

3-7 

3-9 

4.1 

4.2 

4.4 

4.6 

4.8 

5-o 

100 

2.9 

3-i 

3-3 

3-5 

3-7 

3-9 

4.1 

4-3 

4-5 

4.6 

4.9 

5-o 

5-3 

5 

3-i 

3-3 

3-5 

3-7 

3-9 

4.1 

4-3 

4-5 

4-7 

4.9 

5-i 

5-3 

5-5 

11.0 

3-2 

3-4 

3-6 

3-8 

4.0 

4-3 

4-5 

4-7 

4.9 

5-i 

5-3 

5-5 

5-7 

5 

3-3 

3-6 

3-8 

4.0 

4.2 

4-5 

4-7 

4.9 

5-i 

5-3 

5-5 

5-8 

6.0 

12.0 

3-5 

3-7 

3-9 

4.2 

4.4 

4.6 

4.9 

5-i 

5-3 

5-5 

5-8 

6.0 

6.2 

5 

3-6 

3-8 

4.1 

4-3 

4.6 

4.8 

5.o 

5-3 

5-5 

5-8 

6.0 

6.3 

6-5 

13-0 

3-7 

4.0 

4.2 

4-5 

4.8 

5-o 

5-2 

5-5 

5-8 

6.0 

63 

6.5 

6.7 

5 

3-9 

4.1 

4.4 

4-7 

4.9 

5-2 

5-4 

5-7 

6.0 

6.2 

6.5 

6.7 

H 

14.0 
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28 

29    | 

30 

3i 

32 

33 

J4_! 

35 

36 

37 

38 

39 

40 

D'ut  „ 
Are 

0.5 

o-S 

0.6 

0.6 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

1.  - 

0.6 

0.6 

0.7 

0.7 

0.7 

0.7 

o.S 

0.8 

o.S 

0.8 

0.9 

0.9 

0.9 

0.7 

0.8 

0.8 

0.8 

o.S 

0.9 

0.9 

0.9 

0.9 

1.0 

I.O 

I.o 

1.0 

o.s 

0.9 

0.9 

0.9 

1.0 

1.0 

1.0 

1.0 

i.i 

i.i 

i.i 

1.2 

1.2 

0.9 

1.0 

1.0 

1.0 

I.I 

I.I 

1.2 

1.2 

1.2 

1.2 

1-3 

1-3 

i-3 

1.0 

1.1 

I.i 

1.2 

1.2 

1.2 

1-3 

1-3 

1-3 

1.4 

1.4 

1-5 

z-§l 

2. 

I.I 

1.2 

1.2 

1-3 

1.-3 

1-3 

1.4 

1.4 

1-5 

1-5 

1.6 

1.6 

1.6 

1.2 

1-3 

1-3 

1.4 

1.4 

1-5 

i-5 

1.6 

1.6 

1-7 

1-7 

1-7 

1.8 

1.4 

1.4 

1.4 

1-5 

1-5 

1.6 

1.6 

1-7 

1-7 

1.8 

1.8 

1.9 

i.g 

i-5 

i-5 

1.6 

1.6 

i-7 

1-7 

1.8 

1.8 

1.9 

1.9 

2.0 

2.0 

2.1 

1.6 

1.6 

1-7 

1-7 

1.8 

1.8 

1.9 

1.9 

2.0 

2.1 

2.1 

2.2 

2.2 

3- 

1-7 

1-7 

1.8 

1.8 

1.9 

2.0 

2.0 

2.1 

2.1 

2.2 

2-3 

2-3 

2.4 

1.8 

1.8 

1.9 

2.0 

2.0 

2.1 

2.1 

2.2 

2-3 

2-3 

2.4 

2-5 

2-5 

1.9 

1.9 

2.0 

2.1 

2.1 

2.2 

2.3 

2-3 

2.4 

2-5 

2-5 

2.6 

2.7 

2.0 

2.0 

2.1 

2.2 

2-3 

2-3 

2.4 

2.5 

2.5 

2.6 

2.7 

2.8 

2.8 

2.1 

2.2 

2.2 

2.3 

2.4 

2-5 

2-5 

2.6 

2.7 

2.7 

2.8 

2.9 

3-o 

4- 

2.2 

2-3 

2-3 

2.4 

2-5 

2.6 

2.6 

2-7 

2.8 

2.9 

3-° 

3-o 

3-i 

2-3 

2.4 

2.4 

2-5 

2.6 

2.7 

2.8 

2.9 

2.9 

3-o 

3-i 

3-2 

3-3 

2.4 

2-5 

2.6 

2.6 

2.7 

2.S 

2.9 

3-o 

3-i 

3-2 

3-2 

3-3 

3-4 

2.5 

2.6 

2.7 

2.8 

2.8 

2.9 

3-o 

3-i 

3-2 

3-3 

3-4 

3-5 

3-3 

2.6 

2.7 

2.8 

2.9 

3-o 

3-i 

3-i 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

5- 

2.7 

2.8 

2.9 

3-o 

3-i 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

2.8 

2.9 

3-o 

3-i 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

4.0 

2.9 

3-o 

3-i 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

4.1 

4-2; 

3-o 

3-i 

3-2 

3-3 

3-4 

3-6 

3-7 

3-8 

3-9 

4.0 

4.1 

4.2 

4-3 

3-1 

3-2 

3-3 

3-5 

3-6 

3-7 

3-8 

3-9 

4.0 

4.1 

4.2 

4-3 

4-5 

6. 

3-2 

3-3 

3-5 

3-6 

3-7 

3-8 

3-9 

4.0 

4.1 

4-3 

4-4 

4-5 

4.6f 

3-3 

3-4 

3-6 

3-7 

3-8 

3-9 

4.0 

4.2 

4-3 

4.4 

4-5 

4.6 

4-7 

3-4 

3-5 

3-7 

3-8 

3-9 

4.0 

4.2 

4-3 

4.4 

4-5 

4-7 

4-S 

4-9j 

3-5 

3-7 

3-8 

3-9 

4.0 

4.2 

4-3 

4.4 

4-5 

4-7 

4-S 

4.9 

i 

3-6 

3-8 

3-9 

4.0 

4.2 

4-3 

4.4 

4-S 

4-7 

4.8 

4.9 

5-i 

7- 

3-7 

3-9 

4.0 

4.1 

4-3 

4.4 

4-5 

4-7 

4-8 

4.9 

5-i 

5-2 

5-3 

3-8 

4.0 

4.1 

4-3 

4.4 

4-5 

4-7 

4.8 

4.9 

5-i 

5-2 

5-4 

5-5 

3-9 

4.1 

4.2 

4.4 

4-5 

4-7 

4.8 

4-9 

5-i 

5-2 

5-4 

5-5 

5-6 

4.0 

4.2 

4-3 

4-5 

4.6 

4.8 

4.9 

5-i 

5-2 

5-4 

5-5 

5-6 

5-8 

4.2 

4-3 

4.4 

4.6 

4-7 

4.9 

5-o 

5-2 

5-3 

5-5 

5-6 

5-8 

5-9 

8. 

4-3 

4.4 

4.6 

4-7 

4.9 

5-o 

5-2 

5-3 

5-5 

5-6 

5-8 

5-9 

6.1 

4.4 

4-5 

4-7 

4.8 

5-° 

5-i 

5-3 

5-5 

5-6 

5-8 

5-9 

6.1 

6.2 

4-5 

4.6 

4.8 

4-9 

5-i 

5-3 

5-4 

5-6 

5-7 

5-9 

6.1 

6.2 

6.4 

4.6 

4-7 

4.9 

5-i 

5-2 

5-4 

5-5 

5-7 

5-9 

6.0 

6.2 

6.4 

6-5 

4-7 

4.8 

5-o 

5-2 

5-3 

5-5 

5-7 

5-8 

6.0 

6.2 

6-3 

6-5 

6.7 

9- 

4.8 

4.9 

5-i 

5-3 

5-5 

5-6 

5-8 

6.0 

6.1 

6-3 

6-5 

6.7 

6.8 

4.9 

5-i 

5-2 

5-4 

5-6 

5-8 

5-9 

6.1 

6.3 

6-5 

6.6 

6.8 

7-3 

5-° 

5-2 

5-3 

5-5 

5-7 

5-9 

6.1 

6.2 

6.4 

6.6 

6.8 

6.9 

7-i 

5-1 

5-3 

5-5 

5-6 

5-8 

6.0 

6.2 

6.3 

6-5 

6.7 

6.9 

7-i 

7-3 

5-2 

5-4 

5-6 

5-8 

5-9 

6.1 

6.3 

6.5 

6.7 

6.9 

7.0 

7.2 

7-4 

IOj 

5-4 

5-6 

5-8 

6.0 

6.2 

6.4 

6.6 

6.8 

7.0 

7.2 

7-4 

7.6 

7-8 

5-7 

5-9 

6.1 

6.3 

6.5 

6-7 

6.9 

7-i 

7-3 

7-5 

7-8 

7-9 

8.2 

1 1.1 

6.0 

6.2 

6.4 

6.6 

6.8 

7.0 

7.2 

7-5 

7-7 

7-9 

8.1 

8-3 

8-5 

6.2 

6.4 

6.7 

7.0 

7-i 

7-3 

7.6 

7.8 

8.0 

8.2 

8.5 

8.7 

8.9| 

1 2.1 

6-5 

6.7 

7.0 

7.2 

7-4 

7-7 

7-9 

8.1 

8-3 

8.6 

8.8 

9.0 

9-3 

6.7 

7.0 

7.2 

7-5 

7-7 

8.0 

8.2 

8.4 

8-7 

8.9 

9.2 

9.4 

9.6 

i3-< 

7.0 

7-3 

7-5 

7-8 

8.0 

8.3 

8-5 

8.8 

9.0 

9-3 

9-5 

9.8 

10.0 

1 

7.2 

7-5 

7-8 

8.0 

8-3 

8.6 

8.8 

9.1 

9-3 

9.6 

9.8 

IO.I 

10.4 

I4.t 
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41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

75 

100 

LD'uble 
Areas 

\>.8 

0.? 

0.8 

0.8 

0.8 

0.9 

0.9 

0.9 

0.9 

0.9 

1.4 

1.9 

1.0 

0.9 

0.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.1 

I.I 

1.1 

1.6 

2.2 

2 

1.1 

1.1 

1.1 

1.1 

1.2 

1.2 

1.2 

1.2 

1-3 

1-3 

1.9 

2.6 

4 

1.2 

1.2 

'i.3 

1-3 

1.3 

1.4 

1.4 

1.4 

1-5 

1-5 

2.2 

3-0 

6 

1-4 

iM 

1.4 

1.5 

1-5 

1-5 

1.6 

1.6 

1.6 

1-7 

2-5 

3-3 

8 

1-5 

1.6 

1.6 

1.6 

1-7 

1-7 

1-7 

1.8 

1.8 

1.8 

2.8 

3-7 

2.0 

1-7 

i-7 

1.8 

J  1.8 

1.8 

1.9 

1.9 

2.0 

2.0 

2.0 

3-1 

4.1 

2 

1.8 

1.9 

1.9 

2.0 

2.0 

2.0 

2.1 

2.1 

2.2 

2.2 

3-3 

4-4 

4 

2.0 

2.0 

2.1 

2.1 

2.2 

2.2 

2.3 

2-3 

2.4 

2.4 

3-6 

4.8 

6 

2.1 

.2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

2-5 

2-5 

2.6 

3-9 

5-2 

8 

2-3 

2-3 

2.4 

2.4 

2-5 

2.6 

2.6 

2-7 

2.7 

2.8 

4.2 

5-6 

3-o 

.2-4 

2-5 

2.6 

2.6 

2.7 

2.7 

2.8 

2.9 

2.9 

3-o 

4-4 

5-9 

2 

'2.6 

2.6 

2.7 

2.8 

2.8 

2.9 

3-o 

3-° 

3-i 

3-2 

4-7 

6-3 

4 

2.7 

2.8 

2.9 

2.9 

3-o 

3-i 

3-i 

3-2 

3-3 

3-3 

5-0 

6.7 

6 

2.9 

3-o 

3-o 

3-1 

3.2 

3.2 

3-3 

3-4 

3-5 

3-5 

5-3 

7.0 

8 

'3-o 

3-1 

3-2 

3-3 

3-3 

3-4 

3-5 

3-6 

3-6 

3-7 

5-6 

7-4 

4.0 

3-2 

3-3 

3-4 

3-4 

3-5 

3-6 

3-7 

3-7 

3-8 

3-9 

5-9 

79 

2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-8 

3-9 

4.0 

4.1 

6.1 

8.2 

4 

3-5 

3-6 

3-7 

3-8 

3-8 

3-9 

4.0 

4.1 

4.2 

4-3 

6.4 

8-5 

6 

3.6 

3-7 

3-8 

3-9 

4.0 

4.1 

4.2 

4-3 

4.4 

4-5 

6-7 

8.9 

8 

3-8 

3-9 

4.0 

4.1 

4.2 

4-3 

4.4 

4-5 

4-5 

4.6 

7.0 

93 

5-0 

4.0 

4.1 

4.1 

4.2 

4-3 

4.4 

4-5 

4.6 

4-7 

4.8 

7-2 

9-7 

2 

4.1 

4.2 

4-3 

4.4 

4-5 

4.6 

4-7 

4.8 

4-9 

5-o 

7-5 

10.0 

4 

4-3 

4.4 

4-5 

4.6 

4-7 

4.8 

4.9 

5-o 

5-i 

5-2 

7-8 

0.4 

6 

4.4 

4-5 

4.6 

4-7 

4.8 

4.9 

5-o 

5-i 

5-2 

5-4 

8.1 

0.8 

8 

4.6 

4-7 

4.8 

4.9 

5-o 

5-i 

5-2 

5-3 

5-4 

5-6 

8.3 

1.1 

6.0 

4-7 

4.8 

4.9 

5-o 

5-2 

5-3 

5-4 

5-5 

5-6 

5-7 

8.6 

i-5 

2 

4.9 

5-o 

5-i 

5-2 

5-3 

5-5 

5-6 

5-7 

5-8 

5-9 

8.9 

1.8 

4 

5-o 

5-i 

5-2 

5-4 

5-5 

5-6 

5-7 

5-9 

6.0 

6.1 

9-2 

2J2 

6 

5-2 

5-3 

5-4 

5-5 

5-7 

5-8 

5-9 

6.0 

6.2 

6-3 

9-5 

2.6 

8 

5-3 

5-4 

5-6 

5-7 

5-8 

5-9 

6.1 

6.2 

6-3 

6-5 

9-7 

3-o 

7.0 

5-5 

5-6 

5-7 

5-8 

6.0 

6.1 

6.3 

6.4 

6-5 

6.7 

10.0 

3-4 

2 

5-6 

5-7 

5-9 

6.0 

6.2 

6.3 

6.4 

6.6 

6.7 

6.8 

0.3 

3-7 

4 

5-8 

5-9 

6.0 

6.2 

6.3 

6.5 

6.6 

6.7 

6.9 

7.0 

0.6 

4.1 

6 

5-9 

6.1 

6.2 

6.3 

6-5 

6.6 

6.8 

6.9 

7-i 

7.2 

0.8 

4-4 

8 

6.1 

6.2 

6.4 

6.5 

6.7 

6.8 

7.0 

7-i 

7.2 

7-4 

II. I 

4.8 

8.0 

6.2 

6.3 

6-5 

6.6 

6.8 

7.0 

7-i 

7-3 

7-4 

7-6 

1.4 

5-2 

2 

6.4 

6-5 

6.7 

6.8 

7.0 

7.2 

7-3 

7-5 

7.6 

7.8 

1-7 

5-6 

4 

6.5 

6.7 

6.8 

7.0 

7.2 

7-3 

7-5 

7-7 

7-8 

8.0 

2.0 

6.0 

6 

6.7 

6.9 

J-° 

7-2 

7-3 

7-5 

7-7 

7.8 

8.0 

8.2 

2.2 

6-3 

8 

6.8 

7.0 

7-2 

7-3 

7-5 

7-7 

7-8 

8.0 

8.2 

8-3 

12-5 

6.6 

9.0 

7.0 

7.2 

7-3 

7-5 

7-7 

7.8 

8.0 

8.2 

8-3 

8-5 

2.8 

7.0 

2 

7-1 

7-3 

7-5 

7-7 

7.8 

8.0 

8.2 

8.4 

8-5 

8-7 

3-i 

7-4 

4 

7-3 

7-5 

'7-6 

7.8 

8.0 

8.2 

8.3 

8.5 

8.7 

8.9 

3-3 

7.8 

6 

.7-4 

,7-6 

.7-8 

8.0 

8.2 

8.4 

8.5 

8.7 

8.9 

9.1 

3-6 

8.2 

8 

7-6 

7.8 

8.0 

8.1 

8.3 

8-5 

8.7 

8.9 

9.1 

9-3 

13-9 

8.5 

10.0 

8.0 

8.2 

8.4 

8.6 

8.8 

8.9 

9.1 

9-3 

9-5 

9-7 

4.6 

9-5 

5 

8.3 

8.5 

8.7 

8.9 

9.2 

9.4 

9.6 

9.8 

10.0 

10.2 

5-3 

20.3 

11.0 

8.7 

8.9 

9.1 

9.4 

9.6 

9.8 

10.0 

10.2 

0.4 

0.7 

6.0 

1-3 

5 

9.1 

9-3 

9-5 

9.8 

10.0 

10.2 

0.4 

0.7 

0.9 

1.1 

6.7 

2.2 

12.0 

9-5 

'9-7 

10.0 

10.2 

10.4 

10.6 

10.8 

II. 1 

11.4 

11.6 

17.4 

23.2 

5 

9.9 

10. 1 

0.4 

0.6 

0.8 

1.1 

1-3 

1.6 

1.8 

2.1 

8.0 

4.1 

13-0 

10.3 

C-5 

0.8 

1.0 

1-3 

1-5 

1.8 

2.0 

2-3 

2-5 

8.8 

5.o 

5 

0.6 

0.9 

1.2 

l-A 

1-7 

1.9 

2.2 

2.4 

2-7 

3-o 

9.4 

6.0 

14.0 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

D'uble 
Areas 

0.5 

0.8 

I.I 

i-3 

1.6 

1.9 

2.1 

2.4 

2.7 

3-o 

3-2 

3-5 

3-8 

.4.5 

0.6 

0.8 

1.1 

1.4 

1-7 

2.0 

2.2 

2-5 

2.8 

3-i 

3-3 

3-6 

3-9 

IS.O 

0.6 

0.9 

1.2 

1.5 

i-7 

2.0 

2.3 

2.6 

2.9 

3-2 

3-4 

3-7 

4^ 

4.1 

5 

0.6 

0.9 

1.2 

1-5 

1.8 

2.1 

2.4 

2.7 

3-Q 

3.3 

3-6 

3-8 

16.0 

0.6 

0.9 

1.2 

i-5 

1.8 

2.1 

2.4 

2.7 

3-1 

3-4 

3-7 

4.0 

4-3 

5 

0.6 

0.9 

1-3 

1.6 

1.9 

2.2 

2-5 

2.8 

3-i 

3-5 

3-8 

4.1 

4.4 

17.0 

0.6 

1.0 

1-3 

1.6 

2.0 

2.3 

2.6 

2.9 

3-2 

3-6 

3-9 

4.2 

4-5 

5 

0.7 

1.0 

1-3 

i-7 

2.0 

2.3 

2.7 

30 

3-3 

3-7 

4.0 

4-3 

4-7 

18.0 

0.7 

1.0 

1.4 

1.7 

2.1 

2.4 

2.7 

3-i 

3-4 

3-8 

4-1 

4-4 

4.8 

5 

0.7 

I.I 

1.4 

1.8 

2.1 

2-5 

2.8 

3-2 

3-5 

3-9 

4.2 

4.6 

4.9 
5-o 

19.0 

0.7 

I.I 

1.4 

1.8 

2.2 

2.5 

2.9 

3-2 

3-6 

4.0 

4-3 

4-7 

5 

0.7 

I.I 

i-5 

1.9 

2.2 

2.6 

3-o 

3-3 

3-7 

4.1 

4.4 

4.8 

5-2 

20.0 

0.8 

1.2 

1.6 

2.0 

2.3 

2-7 

3-i 

3-5 

3-9 

4-3 

4-7 

5-i 

5-4 

I 

0.8 

1.2 

1.6 

2.0 

2.4 

2.8 

3-3 

3-7 

4.1 

4-5 

4.9 

5-3 

5-7 

2 

0.9 

1-3 

**£ 

2.1 

2.6 

3-o 

3-4 

3-8 

4-3 

4-7 

5-i 

5-5 

6.0 

3 

0.9 

1-3 

1.8 

2.2 

2.7 

3-1 

3-6 

4.0 

4.4 

4.9 

5-3 

5-8 

6.2 

1 
4 

0.9 

1.4 

1.9 

2-3 

2.8 

3-2 

3-7 

4.2 

4.6 

5-i 

5-6 

6.0 

6-5 

25.0 

1.0 

1.4 

1.9 

2.4 

2.9 

3-4 

3-9 

4-3 

4.8 

5-3 

5-8 

6-3 

6-7 

6 

1.0 

1-5 

2.0 

2-5 

3-o 

3-5 

4.0 

4-5 

5-° 

5-5 

6.0 

6.5 

7.0 

7 

1.0 

1.6 

2.1 

2.6 

3-i 

3-6 

4.2 

4-7 

5-2 

5-7 

6.2 

6.7 

7-3 

8 

I.I 

1.6 

2.1 

2.7 

3-2 

3-8 

4-3 

4.8 

5-4 

5-9 

6.4 

7.0 

7-5 

9 

I.I 

1.7 

2.2 

2.8 

3-3 

3-9 

4.4 

5-o 

5-5 

6.1 

6.7 

7.2 

7-8 

30.0 

1.2 

i-7 

2.3 

2.9 

3-4 

4.0 

4.6 

5-- 

5-7 

6-3 

6.9 

7-5 

8.0 

1 

1.2 

1.8 

2.4 

3-o 

3-6 

4.2 

4-7 

5-3 

6.0 

6-5 

7-i 

7-7 

8.31 

2 

1.2 

1.8 

2.4 

3-o 

3-7 

4-3 

4-9 

5-5 

6.1 

6.7 

7-3 

8.0 

8-6 

3 

1.3 

1.9 

2.5 

3-i 

b-s 

4.4 

5-° 

5-7 

6-3 

6.9 

7-5 

8.2 

8.8 

4 

1-3 

1-9 

2.6 

3-2 

3-9 

4-5 

5-2 

5-8 

6.5 

7-i 

7.8 

8.4 

9-1 

35-0 

*-3 

2.0 

2.7 

3-3 

4.0 

4-7 

5-3 

6.0 

6.7 

7-3 

8.0 

8.7 

9-3 

6 

1.4 

2.1 

2.7 

3-4 

4.1 

4.8 

5-5 

6.2 

6.9 

7-5 

8.2 

8.9 

9-4 

7 

1.4 

2.1 

2.8 

3-5 

4.2 

4.9 

5-6 

6-3 

7.0 

7-7 

8.4 

9.2 

1 

8 

1.4 

2.2 

2.9 

3-6 

4-3 

5-o 

5-8 

6-5 

7.2 

7-9 

8-7 

9-4 

IO.I 

9 

i-5 

2.2 

3-° 

3-7 

4.4 

5-2 

5-9 

6.7 

7-4 

8.1 

8.9 

9-7 

0.4! 

40.0 

15 

2-3 

3-° 

3-8 

4-5 

5-3 

6.1 

6.8 

7.6 

8-3 

9.1 

9.0 

0.6 

1 

1.6 

2-3 

3-i 

3-9 

4-7 

5-4 

6.2 

7.0 

7.8 

8.5 

9-3 

IO.I 

0.9 

2 

1.6 

2.4 

3-2 

4.0 

4.8 

5-6 

6.4 

7.2 

8.0 

8.8 

9.6 

10.4 

1.2 

3 

1.6 

2-4 

3-3 

4.1 

4.9 

5-7 

6.5 

7-3 

8.2 

9.0 

9.8 

10.6 

1 1. 4 

4 

i-7 

2-5 

3-3 

4.2 

5-o 

5-8 

6.7 

7-5 

8-3 

9.2 

10.0 

0.9 

1-7 

45o 

i-7 

2.6 

3.4 

4-3 

5-i 

6.0 

6.8 

7-7 

8.5 

9.4 

0.2 

1.1 

I-91 

6 

1-7 

2.6 

3-5 

4-3 

5-2 

6.1 

7.0 

7.8 

8.7 

9.6 

0.5 

1-3 

2.2 

7 

1.8 

2.7 

3-6 

4.4 

5-3 

6.2 

7-i 

8.0 

8.9 

9.8 

0.7 

1.6 

i 

8 

1.8 

2.7 

3-6 

4-5 

5-4 

6.4 

7-3 

8.2 

9.1 

10.0 

10.9 

11.8 

12.7 

9 

1.8 

2.8 

3-7 

4.6 

5-6 

6.5 

7-4 

8.3 

9-3 

0.2 

1.1 

2.1 

2.9 

50.0 

1.9 

2.9 

3-9 

4.8 

5-8 

6.7 

7-7 

8.7 

9.6 

0.6 

1.6 

2-5 

3-5 

2 

2.0 

3-o 

4.0 

5-° 

6.0 

7.0 

8.0 

9.0 

10.0 

1.0 

2.0 

3-0 

4.0 

4 

2.1 

3-i 

4.1 

5-2 

6.2 

7-3 

8.3 

9-3 

0.4 

1.4 

2-5 

3-5 

4'5| 

6 

2.2 

3-2 

4-3 

5-4 

6.4 

7-5 

8.6 

9-7 

10.7 

11.S 

12.9 

13-9 

H 

8 

2.2 

3-3 

4.4 

5-5 

6.7 

7-8 

8.9 

10.0 

1.1 

2.2 

3-3 

4.4 

5-5 

60.0 

2-3 

3-4 

4.6 

5-7 

6.9 

8.0 

9-2 

0.3 

i-5 

2.6 

3-8 

4.9 

6.1 

2 

2.4 

3-6 

4-7 

5-9 

7-1 

8.3 

9-5 

0.7 

1.9 

3-° 

4.2 

5-4 

6.6 

4 

2.4 

3-7 

4.9 

6.1 

7-3 

8.6 

9.8 

1.0 

2.2 

3-4 

4-7 

S-9 

7-1 

6 

2-5 

38 

5-o 

6.3 

7-5 

8.8 

IO.I 

11.4 

12.6 

13.8 

I5-I 

16.4 

17.6 

8 

2.6 

3-9 

5-2 

6-5 

7.8 

9.1 

10.4 

1.7 

3-o 

4-3 

5-5 

6.8 

8.2 

70.0 

2.7 

4.0 

5-3 

6.7 

8.0 

9-3 

10.7 

2.0 

3-4 

4-7 

6.0 

7-3 

8.6 

2 

2.7 

4-1  | 

5-5 

6.9 

8.2  1 

9.6 

10.9 

2.3 

3-7 

5-1 

6.5 

7-8 

H 

4 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

D'uble 
Areas 

4.0 

4-3 

4.6 

4.8 

5-1 

5-4 

5-6 

5-g 

6.2 

6.5 

6.7 

6.g 

7-3 

14-5 

4.2 

4.4 

4-7 

5-o 

5-3 

5-6 

5-8 

6.1 

6.4 

6.7 

6.9 

7.2 

7-5 

15.0 

4-3 

4.6 

4.9 

5-2 

5-5 

5-7 

6.0 

6.3 

6.6 

6.9 

7.2 

7-5 

7-8 

5 

4-5 

4-7 

5-o 

5-3 

5-6 

5-9 

6.2 

6.5 

6.8 

7-i 

7-4 

7-7 

8.0 

16.0 

4.6 

4.9 

5-2 

5-5 

5-8 

6.1 

6.4 

6.7 

7.c 

7-3 

7-7 

8.o 

8.3 

5 

4-7 

5-i 

5-3 

5-7 

6.0 

6-3 

6.6 

6.9 

7.2 

7-6 

7-9 

8.2 

8-5 

17.0 

4-9 

5-2 

5-5 

5-8 

6.2 

6-5 

6.8 

7-i 

7-5 

7-8 

8.1 

8.4 

8.8 

5 

50 

5-3 

5-7 

6.0 

6.3 

6.7 

7.0 

74 

7-7 

8.0 

8.4 

8.7 

9.0 

18.0 

5-i 

5-5 

5-8 

6.2 

6.5 

6.8 

7.2 

7-5 

7-9 

8.2 

8.6 

8.9 

9-3 

5 

5-3 

5-6 

6.0 

6.3 

6.7 

7.0 

7-4 

7-7 

8.1 

8-5 

8.8 

9.2 

9-5 

19.0 

5-4 

5-8 

6.1 

6-5 

6.8 

7.2 

7.6 

7-9 

8.3 

8.7 

9.0 

9.4 

9.8 

5 

5-6 

5-9 

6.3 

6-7 

7.0 

7-4 

7.8 

8.2 

8-5 

8.9 

9-3 

9-7 

10. 0 

20.0 

5-8 

6.2 

6.6 

7.0 

7-4 

7.8 

8.2 

8.6 

9.0 

9-3 

9-7 

IO.I 

0.5 

1 

6.1 

6.5 

6.9 

7-3 

7-7 

8.1 

8.6 

9.0 

9.4 

9.8 

10.2 

0.6 

1.0 

2 

6.4 

6.8 

7.2 

7-7 

8.1 

8-5 

8.9 

9.4 

9.8 

10.2 

0.6 

i.i 

1-5 

3 

6.7 

7-1 

7-5 

8.0 

8.4 

8.9 

9-3 

9.8 

10.2 

10.7 

11. 1 

11.6 

12.0 

4 

7.0 

7-4 

7-9 

8.3 

8.8 

9-3 

9-7 

10.2 

0.7 

i.i 

1.6 

2.1 

2-5 

25-0 

7.2 

7-7 

8.2 

8.7 

9.1 

9.6 

IO.I 

0.6 

i.i 

1.6 

2.0 

2.5 

3-o 

6 

7-5 

8.0 

8-5 

9.0 

9-5 

10.0 

0.5 

1.0 

i-5 

2.0 

2-5 

3-o 

3-5 

7 

7-8 

8-3 

8.8 

9-3 

9.8 

0.4 

0.9 

1.4 

1.9 

2.4 

3-o 

3-5 

4.0 

8 

8.1 

8.6 

9.1 

9-7 

10.2 

10.7 

"•3 

11.8 

12.4 

12.9 

13.4 

13-9 

14-5 

9 

8.3 

8.9 

9-5 

10.0 

0.5 

i.i 

1-7 

2.2 

2.8 

3-3 

3-9 

4-5 

S-o 

30.0 

8.6 

9.2 

9.8 

o-3 

0.9 

1-5 

2.1 

2.6 

3-2 

3-8 

4-3 

4.9 

5-5 

I 

8.9 

9-5 

IO.I 

0.7 

1-3 

1.9 

2-5 

3-0 

3-6 

4.2 

4.8 

5-4 

6.0 

2 

9.2 

9.8 

0.4 

1.0 

1.6 

2.2 

2.9 

3-5 

4.1 

4-7 

5-3 

5-9 

6-5 

3 

9-5 

IO.I 

10.7 

11.3 

12.0 

12.6 

13-3 

13-9 

14-5 

I5-I 

15.7 

16.4 

17.0 

4 

9-7 

0.3 

1.0 

1-7 

2.3 

2.9 

3-6 

4-3 

4.9 

5-5 

6.2 

6.9 

7-5 

35-0 

10.0 

0.7 

1-3 

2.0 

2.7 

3-3 

4.0 

4-7 

5-3 

6.0 

6.7 

7-3 

8.0 

6 

0.3 

0.9 

1-7 

2-3 

3-° 

3-7 

4.4 

5-i 

5-8 

6-5 

7-i 

7-8 

8.5 

7 

0.6 

1-3 

2.0 

2.7 

3-4 

4.1 

4.8 

5-5 

6.2 

6.9 

7.6 

8-3 

9.0 

8 

10.8 

11.6 

12.3 

13-0 

13-7 

14-5 

15-2 

15-9 

16.6 

17-3 

18.1 

18.8 

19-5 

9 

1.2 

1.8 

2.6 

3-3 

4.1 

4.8 

5-6 

6.3 

7-i 

7.8 

8-5 

9-3 

20.0 

40.0 

1.4 

2.1 

2.9 

3-7 

4.4 

5-2 

6.0 

6.7 

7-5 

8.1 

9.0 

9-7 

o-5 

I 

i-7 

2.4 

3-2 

4.0 

4.8 

5-5 

6.3 

7-i 

7-9 

8.7 

9-4 

20.2 

1.0 

2 

2.0 

2.7 

3-5 

4-3 

5-i 

5-9 

6.7 

7-5 

8.3 

9.1 

9.9 

0.7 

1-5 

3 

12.2 

13.1 

13-9 

14.7 

15-5 

16.3 

17.1 

17.9 

18.7 

19.6 

20.4 

21.2 

22.0 

4 

2-5 

3-3 

4.2 

5-o 

5-9 

6.7 

7-5 

8.3 

9.2 

20.0 

0.8 

1-7 

2-5 

45-o 

2.9 

3-6 

4-5 

5-3 

6.2 

7-1 

7-9 

8.7 

9.6 

0.4 

1-3 

2.2 

3-° 

6 

3-1 

3-9 

4.9 

5-7 

6-5 

7-4 

8-3 

9.1 

20.1 

0.9 

1-7 

2.6 

3-5 

7 

3-4 

4.2 

5-i 

6.0 

6.9 

7.8 

8-7 

9.6 

0.4 

1-3 

2.2 

3-2 

4.0 

8 

136 

14-5 

15-4 

16.3 

17.2 

18.1 

19.1 

20.0 

20.8 

21.8 

22.7 

23.6 

24-5 

9 

3-9 

4.8 

5-7 

6.7 

7.6 

8-5 

9-5 

0.4 

1-3 

2-3 

3-2 

4.1 

5-o 

50.0 

44 

5-4 

6.4 

7-4 

8.3 

9-3 

20.2 

1.2 

2.2 

3-2 

4.1 

51 

6.0 

2 

5-o 

6.0 

7.0 

8.0 

9.0 

20.0 

1.0 

2.0 

3-o 

4.0 

5-° 

6.0 

7.0 

4 

5-6 

6.6 

7.6 

8.7 

9-7 

0.8 

1.8 

2.8 

3-8 

4.8 

5-9 

6.9 

8.0 

6 

16.1 

17.2 

18.3 

19.4 

20.4 

21-5 

22.5 

23.6 

24.7 

25-7 

26.8 

27.8 

29.0 

8 

6.7 

7.8 

8.9 

20.0 

I.i 

2.2 

3-4 

4.4 

5-6 

6.6 

7-7 

8.8 

30.0J 

60.0 

7.2 

8.4 

9-5 

0.7 

1.8 

2.9 

4.2 

5-2 

6.4 

7.6 

8.7 

9.8 

2.0 

3-q 

2 

7-8 

8.9 

20.2 

1.4 

2.5 

3-7 

4.9 

6.0 

7-3 

8.4 

9.6 

30.8 

4 

8.4 

9-5 

0.8 

2.0 

3-2 

4.4 

5-7 

6.8 

8.1 

9-3 

30-6 

1-7 

6 

18.9 

20.1 

21.4 

22.6 

23-9 

25.2 

26.4 

27.7 

29.0 

30.2 

3i.5 

32.7 

34-q 

N 

7.0J 

8 

9-4 

0.7 

2.0 

3-4 

4.6 

5-9 

7.2 

8.5 

9.8 

i.i 

2.4 

3-7 

70.0 

20.0 

1.4 

2.6 

4.0 

5-4 

6.7 

8.0 

9.4 

30.7 

2.0 

3-4 

4.6 

2 

06 

x.8 

3-3 

4-7 

6.0 

7-4 

8.8 

30.2 

I-5| 

2.9J     4-3 

5-7 

4 
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28 

29 

30 

3i 

32 

33 

34 

35 

36 

37 

38 

39 

40 

D'uble 
Areas 

7-5 

7.? 

8.1 

8.3 

8.6 

8.S 

9.1 

9-4 

9-7 

9.9    10.2 

w>,s 

10.7 

14-5 

7-8 

8.c 

8-3 

8.6 

8.g 

9.2 

9-5 

9-7 

10.0    10.; 

0.6 

>      0.5 

i.i 

15-0 

8.c 

8.3 

8.6 

8.g 

9.2 

9.5      9.S 

IO.C 

0.3 

o.e 

°< 

I.i 

15 

5 

8.3 

8.6 

8.Q 

9.2 

9-5 

9.8 

IO.I 

0.3 

0.7 

1.0      1.3 

1.6 

1.5 

16.0 

8-5 

8.g 

9.2 

9-5 

9.8 

IO.I 

0.4 

0.7 

I.C 

1.3 

1.6 

1.5 

2.2 

5 

8.8 

9.1 

9.4 

9.8 

IO.I 

10.4 

10.7 

II.O 

H-3 

XX. 7 

H.c 

12.3 

12.6 

17.0 

9.1 

9.4 

9-7 

IO.I 

0.4 

0.7 

1.0 

1-3 

1-7 

2.C 

2-3 

2.6 

3-c 

5 

9-3 

9.7 

io.o 

0.3 

0.7 

1.0 

1-3 

1-7 

2.C 

2-3 

2.7 

3-c 

3-3 

18.0 

9.6 

9.9 

°-3 

0.6 

1.0 

1-3 

1-7 

2.0 

2-3 

2.7 

3-c 

3-3 

3-7 

5 

9.8 

10.2 

0.5 

0.9 

1-3 

1.6 

1.9 

2.3 

2.7 

3-c 

3-3 

3-7 

4.1 

19.0 

XO.I 

10.5 

10.8 

11. 2 

11.6 

n.g 

12.3 

12.6 

13-0 

13-3 

13.7 

14.1 

14.4 

4.8 

5 

0.4 

0.7 

I.i 

1-5 

1.9 

2.2 

2.6 

2.9 

3-3 

3-7 

4.1 

4-5 

20.0 

0.9 

1-3 

1-7 

2.1 

2-5 

2.8 

3-2 

3-6 

4.0 

4.4 

4.8 

5-2 

5-5 

1 

1.4 

1.8 

2.2 

2.6 

3-i 

3-4 

3-9 

4.2 

4-7 

5-i 

5-5 

5-9 

6-3 

2 

1.9 

2.4 

2.8 

3-2 

3-6 

4.1 

4-5 

4.9 

5-3 

5-7 

6.2 

6.6 

7-i 

3 

12.5 

12.9 

13-3 

13.8 

14.2 

14.7 

I5-I 

15-5 

16.0 

16.4 

16.9 

17.3 

17.8 

4 

2.9 

3-4 

3-9 

4.4 

4.8 

5-3 

5-7 

6.2 

6-7 

7-1 

7-6 

8.1 

8.5 

25-o 

3-5 

3-9 

4.4 

4.9 

5-4 

5-9 

6.4 

6.8 

7-3 

7-9 

&-3 

8.8 

9-3 

6 

4.0 

4-5 

5-o 

5-5 

6.0 

6-5 

7.0 

7-5 

8.0 

8-5 

9.0 

9-5 

20.0 

7 

4-5 

5-i 

5-5 

6.1 

6.6 

7-i 

7.6 

8.1 

8.7 

9.2 

9-7 

20.2 

0.7 

8 

iS-i 

15-5 

16.1 

16.6 

17.2 

17.7 

18.3 

18.8 

19-3 

19.9 

20.4 

20.9 

21-5 

9 

5-5 

6.1 

6.7 

7.2 

7.8 

8-3 

8.9 

9.4 

9.9 

20.6 

1.2 

1-7 

2.2 

30.0 

6.1 

6.6 

7.2 

7-8 

8.4 

8.9 

9-5 

20.1 

20.7 

1.2 

1.8 

2.4 

2.9 

I 

6.6 

7-2 

7-7 

8.3 

8.9 

9.6 

20.2 

0.6 

1-3 

1.9 

2-5 

3-2 

3-7 

2 

7-1 

7-7 

8.3 

8.9 

9-5 

20.2 

°-7 

1.4 

1.9 

2.6 

3-2 

3-8 

4.4 

3 

17.6 

18.3 

18.9 

19-5 

20.2 

20.8 

21.4 

22.0 

22.7 

23-3 

23.8 

24.6 

25.2 

4 

8.1 

8-7 

9-5 

20.1 

0.7 

1-3 

2.1 

2.7 

3-3 

3-9 

4-7 

5-3 

5-9 

35-0 

8.7 

9-3 

20.0 

0.7 

1-3 

I.g 

2-7 

3-3 

3-9 

4.6 

5-3 

6.0 

6.7 

6 

9.2 

9.9 

0.6 

1.2 

1.9 

2.6 

3-2 

3-0 

4.6 

5-3 

6.0 

6.7 

7-4 

7 

9-7 

20.4 

i.i 

1.8 

2-5 

3-2 

3-9 

4.6 

5-3 

6.0 

6.7 

7-4 

8.1 

8 

20.2 

20.9 

21.7 

22.3 

23.2 

23.8 

24.6 

25-3 

25-9 

26.7 

27.4 

28.2 

28.g 

9 

0.7 

1.4 

2.2 

2.9 

3-7 

4.4 

5-2 

5-9 

6.6 

7-4 

8.1 

8.8 

9.6 

40.0 

1-3 

1.9 

2.8 

3-6 

4-3 

5-i 

5-7 

6.5 

7-3 

8.1 

8.8 

9.6 

30-4, 

1 

1.8 

2.6 

3-3 

4.2 

4-8 

5-6 

6.4 

7.2 

7-9 

8.7 

9.6 

30.3 

1.0 

2 

2.3 

3-i 

3-8 

4-7 

5-4 

6.2 

7-i 

7.8 

8.6 

9.4 

30.2 

i.i 

1.8 

3 

22.8 

23.6 

24.4 

25.2 

26.1 

26.8 

27.7 

28.4 

29-3 

30.2 

30.9 

31.7 

32.6 

4 

3-3 

4.2 

5-° 

5-8 

6.6 

7-5 

8.4 

9.2 

9.9 

0.8 

1-7 

2.5 

3-4 

45-o 

3-8 

4-7 

5-6 

6.4 

7.2 

8.1 

8.9 

9.8 

30.6 

1-5 

2.4 

3-2 

4-3 

6 

4-3 

5-2 

6.1 

6.9 

7-8 

8.7 

9.6 

30.4 

1-3 

2.2 

30 

3-9 

4-8| 

7 

4.8 

5-7 

6.7 

7.6 

8.4 

9-3 

3°-2 

i.i 

2.0 

2.8 

3-7 

4-7 

5-5 

8 

25-4 

26.3 

27.2 

28.2 

29.0 

29.9 

30.8 

31.7 

32.6 

33-6 

34-5 

35-4 

36.3 

9 

5-9 

6.8 

7-8 

8.7 

9.6 

30.5 

1.4 

2.4 

3-4 

4.2 

5-2 

6.2 

7-i 

50.0 

6.9 

7-8 

8.8 

9.8 

30.8 

1-7 

2.7 

3-7 

4.6 

5-6 

6.6 

7-5 

8.5 

2 

7-9 

8.9 

9.9 

30.9 

2.0 

3-° 

4.0 

5-o 

5-9 

6.9 

8.0 

9.0 

40.C 

4 

9.0 

3°-i 

31. 1 

2.1 

3-2 

4.2 

5-2 

6.2 

7-3 

8-3 

9.4 

40.4 

1-5 

6 

30.1 

31.1 

32.2 

33-2 

34-4 

35-4 

36.5 

37-5 

38.6 

39-6 

40.8 

41.8 

42  .cJ 

8 

Z.I 

2.2 

3-3 

4.4 

5-6 

6.6 

7-7 

8.9 

40.0 

41. 1 

2.2 

3-4 

4-4 

60.0 

2.1 

3-2 

4.4 

5-6 

6-7 

7.8 

9.0 

40.1 

1-3 

2.4 

3-6 

4.8 

5-91 

2 

3-2 

4.4 

5-5 

6.6 

7.8 

9.1 

40.2 

1.4 

2.6 

3-8 

5-o 

6.2 

7.4) 

4 

4.2 

5-4 

6.6 

7.8 

9.1 

40.2 

1-5 

2-7 

3-9 

5-2 

6.4 

7.6 

8.8 

6 

35-2 

36.4 

37-7 

39-o 

40.2 

4i.5 

42.8 

44.0 

45-2 

46.5 

47-8 

49-0 

50.4 ! 

8 

6.3 

7.6 

8.8 

40.1 

1.4 

2.8 

4.0 

5-4 

6.6 

8.0 

9.2 

5°-5 

1.8 

70.0 

7.3 

8.7 

9.9 

1-3 

2.6 

4.0 

5-3 

6.6 

8.0 

9.2 

50.6 

2.0 

3-3! 

2 

8.4 

9-7 

41. 1 

2-5 

3-8 

5-2 

6.6 

74>| 

9.4 

50.7 

2.1 

3-4 

4.S 

4 
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41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

75 

100 

D'uble 
Areas 

11  .o 

H-3 

"•5 

11.8 

12.1 

12.3 

12.6 

12.9 

I3.I 

13.4 

20.2 

26.8 



14-5 

1.4 

1-7 

1.9 

2.2 

2.5 

2.8 

3-o 

3-3 

3-6 

3-9 

0.8 

7.8 

— 

15.0 

1.8 

2.1 

2-3 

2.6 

2.9 

3-2 

3-5 

3-8 

4.1 

4.4 

1-5 

8.7 

— 

5 

2.1 

2.4 

2.7 

3-0 

3-3 

3-6 

3-9 

4.2 

4-5 

4.8 

2.2 

9.6 

— 

16.0 

2-5 

2.8 

3-i 

3-4 

3-7 

4.1 

4-3 

4-7 

4.9 

5-3 

2.8 

30-5 

— 

5 

1 
12.9 

13-2 

13-5 

13.8 

14.2 

14-5 

14.8 

15. 1 

15-4 

15-7 

23.6 

31.4 

— 

17.0 

3-3 

3.6 

3-9 

4-3 

4-6 

4.9 

5-2 

5-5 

5-9 

6.2 

4-3 

2.4 

— 

5 

3-7 

4.0 

4-3 

4-7 

5-o 

5-3 

5-7 

6.0 

6-3 

6-7 

4-9 

3-3 

— 

18.0 

4.1 

4.4 

4-7 

5-i 

5-4 

5-7 

6.1 

6.4 

6.7 

7-i 

5-7 

4.2 

— 

5 

4.4 

4-7 

5-i 

5-5 

5-8 

6.1 

6.5 

6.9 

7.2 

7.6 

6.4 

5-2 

— 

19.0 

14.8 

IS-i 

15-5 

15-9 

16.3 

16.6 

16.9 

17-3 

17.7 

18.1 

27.1 

36.1 

— 

5 

5-2 

5-5 

5-9 

6-3 

6.7 

7-i 

7-4 

7-7 

8.1 

8-5 

7.8 

7.0 

— 

20.0 

5-9 

6-3 

6.7 

7-i 

7-5 

7-9 

8-3 

8.7 

9.0 

9-5 

9.2 

8.8 

— 

1 

6.7 

7-1 

7-5 

7-9 

8.3 

8.7 

9.1 

9-5 

9.9 

20.4 

30.6 

40.7 

— 

2 

7-5 

7-9 

&-3 

8.7 

9.1 

9.6 

20.0 

20.4 

20.8 

1-3 

1.9 

2.6 

— 

3 

18.2 

18.6 

19.1 

19-5 

20.0 

20.4 

20.8 

21.3 

21.8 

22.2 

33-2 

44.4 

— 

4 

9.0 

9-5 

9.9 

20.3 

0.8 

1-3 

1-7 

2.2 

2.7 

3-2 

4-7 

6.2 

— 

25.0 

9-7 

20.2 

20.7 

1.2 

1-7 

2.2 

2.6 

3-i 

3-6 

4.1 

6.1 

8.2 

— 

6 

20.5 

1.0 

i-5 

2.0 

2-5 

3-o 

3-5 

4.0 

4-5 

5-o 

7-5 

50.0 

— 

7 

1-3 

1.8 

2.3 

2.8 

3-3 

3-8 

4.4 

4.8 

5-4 

5-9 

8.8 

1.8 

— 

8 

22.0 

22.6 

23.1 

23-7 

24.2 

24.7 

25.2 

25.8 

26.3 

26.8 

40.3 

53-7 

— 

9 

2.8 

3-3 

3-8 

4.4 

5-0 

5-5 

6.1 

6-7 

%i2 

7-8 

1.6 

5-5 

— 

30.0 

3-5 

4.1 

4-7 

5-2 

5-8 

6.4 

6.9 

7-6 

8.1 

8.7 

3-2 

7-3 

— 

I 

4-3 

4.8 

5-4 

6.1 

6.6 

7-2 

7-8 

8.4 

9.1 

9.6 

4.4 

9.2 

— 

2 

5.o 

5-7 

6.3 

6.8 

7-5 

8.1 

8.7 

9-3 

9.9 

30-6 

5-8 

61.0 

— 

3 

25-7 

26.4 

27.0 

27.7 

28.3 

28.9 

29.6 

3°-2 

30.8 

31-4 

47-2 

62.9 

— 

4 

6.6 

7.2 

7-8 

8.5 

9.2 

9.8 

3°-4 

I.i 

1-7 

2.4 

8.6 

4.8 

— 

35-0 

7-3 

8.0 

8.6 

9-3 

3°-o 

3°-6 

1-3 

2.0 

2.6 

3-3 

9.9 

6.7 

— 

6 

8.1 

8.8 

9.4 

3°-i 

0.8 

1-5 

2.2 

2.8 

3-6 

4-3 

51-4 

8.5 

— 

7 

8.8 

9.6 

30.2 

1.0 

1.6 

2.4 

3-i 

3-7 

4-5 

5-2 

2.8 

70.4 

— 

8 

29.6 

30.4 

31-0 

3i-7 

32.5 

33-2 

33-8 

34-6 

35-4 

36.1 

54-1 

72.1 

— 

9 

30.4 

1.2 

1.8 

2.6 

3-3 

4.0 

4.8 

5-6 

6.3 

7.0 

5-5 

4.0 

— 

40.0 

1.2 

1.8 

2.6 

3-4 

4.2 

4.8 

5-6 

6.4 

7.2 

8.0 

6.9 

5-8 

— 

1 

1.8 

2.7 

3-4 

4.2 

5-o 

5-8 

6.6 

7-3 

8.2 

8.9 

8.3 

7.8 

— 

2 

2.6 

3-4 

4.2 

5-o 

5-8 

6.6 

7-4 

8.2 

9.0 

9.8 

9.6 

9.6 

— 

3 

33-4 

34-2 

35-o 

35-8 

36.7 

37-4 

38.3 

39-2 

39-9 

40.8 

61. 1 

81.5 

— 

4 

4.2 

4.9 

5-8 

6.7 

7-4 

8.3 

9.2 

9.9 

40.7 

1.6 

2.4 

3-4 

— 

45-o 

4.8 

5-7 

6.6 

7-4 

8.3 

9.1 

40.0 

40.9 

i-7 

2.6 

3-8 

5-i 

— 

6 

5-7 

6.6 

7-4 

8.3 

9.2 

40.0 

0.9 

1.8 

2-7 

3-5 

5-3 

7.0 

— 

7 

6.4 

7-3 

8.2 

9.2 

40.0 

0.8 

1-7 

2.6 

3-5 

4.4 

6-7 

8.9 

— 

8 

37-2 

38.1 

39-o 

39-9 

40.8 

41.7 

42.6 

43-5 

44-4 

45-3 

68.1 

90.6 

— 

9 

7-9 

8.8 

g.S 

40.7 

1.6 

2.6 

3-5 

4.4 

5-3 

6.4 

9-3 

2.6 

— 

50.0 

9-5 

40.4 

41-3 

2-3 

3-3 

4.2 

5-2 

6.2 

7.2 

8.2 

72.2 

6-3 

— 

2 

41.0 

2.0 

3-o 

4.0 

5-o 

6.0 

7.0 

8.0 

9.0 

50.0 

5.0  100.0 

— 

4 

2-5 

3-5 

4.6 

5-6 

6.6 

7-7 

8-7 

9.8 

50.8 

1.8 

7.8 

03.6 

— 

6 

44-1 

45-2 

46.2 

47-3 

48.4 

49-4 

50-5 

51-5 

52.6 

53-7 

80.S 

107.3 

— 

8 

5-6 

6.7 

7.8 

8.9 

50.0 

5i-i 

2.2 

3-3 

4.4 

5-5 

3-4 

II.O 

— 

60.0 

7.1 

8.2 

9.4 

So.  5 

1.6 

2.8 

4.0 

5-i 

6.2 

7-4 

6.1 

14.8 

— 

2 

8.6 

9-7 

50-9 

2.1 

3-3 

4-5 

5-7 

6.9 

8.1 

9-3 

8.9 

18.6 

■  — 

4 

5°-2 

51-3 

2-5 

3-7 

5.o 

6.1 

7-4 

8.6 

9.9 

61.1 

91.7 

22.1 

— 

6 

51.6 

52.8 

54-1 

55-4 

56.7 

58.0 

59-2 

60.4 

61.7 

63.0 

94-5 

125.9 

— 

8 

3-1 

4.4 

5-7 

7.0 

8.3 

9.6 

60.9 

2.2 

3-5 

4.8 

7.2 

29-5 

— 

70.0 

4-7 

6.0 

7-3 

8.6 

60.0 

61.3 

2.6 

4.0 

5-4 

6.6 

100.0 

33-2 

— 

2 

6.2 

7.6 

8  n 

60.3 

i-7 

3-1 

4-4 

5-8 

7.2 

8.6 

02.0 

37-1 

— 

4 

O.9 

99° 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

D'uble 

Areas 

2.8 

4.2 

5-6 

7.0 

8-5 

9.9 

H-3 

12.7 

14.1 

15-5 

16.9 

18.3 

19-7 

76.0 

2.9 

4-3 

5-8 

7.2 

8.7 

IO.I 

1.6 

3-° 

4-5 

5-9 

7-4 

8.8 

20.2 

8 

3-o 

4.4 

5-9 

7-4 

8.9 

0.4 

1.9 

3-3 

4.9 

6-3 

7-8 

9-3 

0.8 

80.0 

3-o 

4.6 

6.1 

7-6 

9.1 

0.7 

2.2 

3-7 

5-2 

6-7 

8.2 

9.8 

*4 

2 

3-i 

4-7 

6.2 

7-8 

9-3 

0.9 

2-5 

4.0 

5-6 

7-1 

8.7 

20.2 

\ 

4 

3-2 

4.8 

6.4 

8.0 

9.6 

11. 2 

12.7 

14.3 

15-9 

17.5 

19.1 

20.7 

22.3 

6 

3-3 

4.9 

6.5 

8.1 

9.8 

1.4 

3-i 

4-7 

6-3 

7-9 

9-5 

1.2 

2.8, 

8 

3-3 

5-o 

6.7 

8.3 

10.0 

i-7 

3-3 

5-o 

6.7 

8-3 

20.0 

1-7 

3.4 

90.0 

3-4 

5-i 

6.8 

8-5 

0.2 

1.9 

3-6 

5-4 

7-1 

8-7 

0.4 

2.1 

3.8 

2 

3-5 

5-2 

7.0 

8.7 

0.5 

2.2 

3-9 

5-7 

7-4 

9.2 

0.8 

2.6 

4.4 

4 

3-5 

5-3 

7-i 

8.9 

10.7 

12.5 

14.2 

16.0 

17.8 

19-5 

21.3 

231 

24.9 

6 

3-6 

5-4 

7-3 

9.1 

0.9 

2.7 

4-5 

6.4 

8.2 

9.9 

1.8 

3-6 

5.4; 

8 

3-7 

5-6 

7-4 

9-3 

1.1 

3-o 

4.8 

6-7 

8-5 

20.4 

2.2 

4.1 

6.0: 

100.0 

3-9 

5-8 

7.8 

9-7 

1-7 

3-6 

5-5 

7-5 

9-5 

1.4 

3-3 

5-3 

7.2! 

05 

4.1 

6.1 

8.1 

10.2 

2.2 

4-3 

6-3 

8.4 

20.4 

2.4 

4.4 

6-5 

8.6 

10 

4-3 

6.4 

8-5 

10.7 

12.8 

14.9 

17.0 

19.1 

21.3 

23-4 

25-5 

27.7 

29.8 

15 

4.4 

6.7 

8.9 

1.1 

3-3 

5-5 

7-8 

20.0 

2-3 

4.4 

6.6 

8.8 

31.2 

20 

4.6 

6.9 

9.2 

1.6 

3-9 

6.2 

8.5 

0.8 

3-2 

5-4 

7-7 

30.2 

2.4 

125.0 

4.8 

7-2 

9.6 

2.1 

4-5 

6.9 

9-3 

1-7 

4.1 

6-5 

8.8 

1.4 

3-7 

30 

5-o 

7-5 

10.0 

2.5 

5-o 

7-5 

20.0 

2-5 

5.0 

7-5 

9.9 

2.5 

S-o 

35 

5-2 

7.8 

10.4 

12.9 

15-5 

18.2 

20.8 

23-4 

25-9 

28.5 

3i-i 

33-7 

36.4 

40 

5-4 

8.0 

0.7 

3-4 

6.1 

8.8 

i-5 

4.2 

6.8 

9-5 

2.2 

4.8 

7.6 

45 

5-6 

8.3 

1.1 

3-9 

6.7 

9-5 

2-3 

5-o 

7.8 

30.6 

3-4 

6.2 

8.8 

150.0 

5-7 

8.6 

i-5 

4-3 

7.2 

20.1 

2.9 

5-8 

8.7 

1.6 

4-5 

7-3 

40.2 

55 

5-9 

8.9 

1.9 

4.8 

7.8 

0.7 

3-7 

6.7 

9.6 

2.6 

5-6 

8.5 

1.5 

60 

6.1 

9.2 

12.3 

15.3 

18.3 

21.4 

24.4 

27-5 

3°-6 

33-6 

36.6 

39-7 

42.8 

65 

6.3 

9-5 

2.6 

5-8 

8.9 

2.1 

5-2 

8.3 

1-5 

4.6 

7-7 

40.9 

4.i| 

7o 

6.5 

9-7 

3-o 

6.2 

9.4 

2.7 

5-9 

9.2 

2.4 

5-6 

8.9 

2.1 

5-5, 

i75-o 

6.7 

10.0 

3-3 

6.7 

20.0 

3-3 

6-7 

30-0 

3-3 

6.7 

40.0 

3-3 

6.6, 

80 

6.9 

0.3 

3-7 

7-i 

0.6 

4.0 

7-4 

0.9 

4.2 

7-7 

1.2 

4-5 

8.0 

85 

7.0 

10.5 

14.1 

17.6 

21.2 

24.6 

28.2 

3i.7 

35-2 

38.7 

42.2 

45-7 

49-3; 

90 

7.2 

0.8 

4-5 

8.1 

1.6 

5-2 

8.8 

2-5 

6.2 

9-7 

3-3 

V° 

50.5 

95 

7-4 

1.1 

4.9 

8-5 

2.2 

5-9 

9.6 

3-4 

7-1 

40.8 

4.4 

8.2 

1.9 

200.0 

7.8 

i-7 

5-6 

9-5 

3-4 

7.2 

3i-i 

5-o 

8.9 

2.8 

6.7 

5°-5 

4.4 

10 

8.1 

2.2 

6.3 

20.4 

4.4 

8.5 

2.6 

6-7 

40.8 

4.8 

8.8 

3-o 

7-1 

20 

8.5 

12.7 

17.1 

21.3 

25.6 

29.8 

34-i 

38.4 

42.6 

46.8 

5i.i 

55-4 

59-6 

3° 

8.9 

3-3 

7-7 

2.2 

6.6 

3i-i 

5-6 

400 

4-4 

8.8 

3-3 

7.8 

62.1 

40 

9.2 

3-9 

8-5 

3-i 

7.8 

2.4 

7.0 

1-7 

6.4 

50-9 

5-6o 

60.2 

4.8 

250.0 

9.6 

4-5 

9-3 

4.1 

8.9 

3-7 

8.5 

3-4 

8.2 

2.9 

7.8 

2.7 

7-4 

60 

10.0 

5-o 

20.0 

5-o 

30.0 

5-o 

9.9 

5-o 

50.0 

S-o 

60.0 

4.9 

70.0 

7o 

10.4 

15.6 

20.7 

25-9 

31.1 

36.3 

41.4 

46.7 

51-9 

57-o 

62.2 

67.4 

72.5 

80 

0.8 

6.1 

1.4 

6.8 

2.2 

7.6 

3-° 

8-3 

3-8 

9.1 

4.4 

9.8 

5-2 

90 

1.1 

6-7 

2.2 

7-8 

3-3 

8.8 

4.4 

50.0 

5-6 

61.1 

6.8 

72.2 

7-9 

300.0 

1-5 

7.2 

2.9 

8.6 

4.4 

40.2 

5-9 

1.8 

7-4 

3-i 

8.8 

4-5 

80.4 

10 

1.9 

7.8 

3-6 

9.6 

5-5 

1.4 

7-4 

3-3 

9-3 

5-2 

71.1 

7.0 

3-0 

20 

12.2 

18.3 

24.4 

3°-6 

36.6 

42.8 

48.8 

55-0 

61.2 

67.2 

73-3 

79-4 

85.6 

30 

2.6 

8.9 

5-2 

1.4 

7-7 

4.1 

50.5 

6-7 

2.9 

9.2 

5-5 

81.8 

8.2 

40 

3-o 

9-5 

5-9 

2.4 

8.i. 

5-3 

1.8 

8-3 

4.8 

71-3 

7.8 

4.2 

90.8 

350.0 

3-3 

20.0 

6.6 

3-3 

9-C 

6.6 

3-4 

60.0 

6.8 

3-3 

80.0 

6.8 

3-3 

60 

3-7 

0.6 

7-4 

4-3 

41. 1 

7-9 

4.8 

1.6 

8.5 

5-3 

2.1 

9.0 

6.0 

70 

141 

21.2 

28.2 

35-2 

42.2 

49.2 

56.3 

63.3 

70.3 

77-4 

84-3 

91-5 

98.5 

80 

4.4 

1.6 

8.8 

6.1 

3-3 

50.6 

7.8 

5-o 

2.3 

9.4 

6.6 

3-9 

IOI.I 

90 

4.8 

2.2 

9.6 

7-i 

4.4 

1.8 

9.2 

6.7 

4.1 

81.5 

8.9 

6.3 

3.6j 

400.0 
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Table  162. — Continued 

1 

iD'uble 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Areas 

21.2 

22.5 

23.9 

25-3 

26.7 

28.2 

29.6 

31.0 

32.4 

33-8 

35-2 

36.6 

38.0 

76.0 

*-7 

3-i 

4.6 

6.0 

7-4 

8.9 

30-3 

1.8:     3.2 

4-7 

6.0 

7-5 

9.0 

8 

2.2 

3-7 

5-2 

6.7 

8.2 

9.6 

1.1 

2.6     4.1 

5-6 

7.0 

8.5 

40.0 

80.0 

2.8 

4-3 

5-8 

7-3 

8.9 

30.4 

1.8 

3-4       4-9 

6.4 

7-9 

9-4 

1.0 

2 

3-3 

4.8 

6.4 

8.0 

9.6 

1.2 

2.7 

4.2 

S-8 

7-3 

8.8 

40.4 

2.0 

4 

23.8 

25-5 

27.1 

28.6 

30.2 

31.8 

33-4 

35-° 

36.6 

38.2 

39-8 

41.4 

43-0, 

6 

4.4 

6.1 

7-7 

9-3 

0.9 

2.6 

4.2 

5-8 

7-5 

9.1 

40.7 

2-3 

4.3 

8 

5-° 

6-7 

8.3 

30.0 

1.7 

3-4 

5-° 

6.6 

8.4 

40.0 

1.6 

3.3 

I-° 

90.0 

5-6 

7.2 

8.9 

0.6 

2.3 

4.1 

5-S 

7-5 

9.2 

0.0 

2.6 

4-3 

6.0 

2 

6.1 

7-8 

9.6 

i-3 

3-i 

4.8 

6.5 

8.2 

40.0 

1.8 

3-5 

5-2 

7.c 

4 

26.7 

28.4 

30.2 

32.0 

33-7 

35-5 

37-3 

39-° 

40.8 

42.7 

44-4 

46.2 

48.O 

6 

7.2 

9.0 

0.8 

2.6 

4.4 

6-3 

8.0 

9.8 

1-7 

3-6 

5-4 

7-i 

9-o 

8 

7.8 

9.6 

i-5 

3-3 

5-2 

7.0       8.Q 

40.8 

2.6 

4.4 

6.3 

8.1 

50.0 

100.0 

9.2 

31.2 

3-o 

5-0 

7.0 

8.9    40.S 

2-7 

4-7 

6.6 

8-5 

50.5 

2-s, 

05 

30.6 

2.6 

4.6 

6.6 

8.7 

40.7      2.7 

4-7 

6.8 

8.8 

SO-9 

2-9 

5-0 

10 

32.0 

34-1 

36.2 

38.4 

40.5 

42.6 

44-7 

46.8 

48.9 

Si.o 

53-2 

55-4 

57-5 

15 

3-3 

5-5 

7-7 

9.9 

2.2 

4.4 

6.6 

8.8 

51.0 

3-3 

5-5 

7.8 

60.0      20 

4.6 

7.0 

9-3 

41.6 

3-9 

6-3 

8.6 

50.9 

3-2 

5-5 

7.8 

60.1 

2.5    125.0 

6.1 

8-5 

40.9 

3-3 

5-7 

8.2 

5°-5 

2.9 

5-3 

7.8 

60.2 

2.6 

5.0 

30 

7-5 

40.0 

2-5 

5-o 

7-5 

50.0 

2-5 

5-o 

7-5 

60.0 

2-5 

5-o 

7-5 

35 

38.8 

41.4 

44.0 

46.6 

49-2 

51.8 

54-4 

57-o 

59-6 

62.2 

64.8 

67.4 

70.0 

40 

40.2 

2.9 

5-6 

8.3 

51.0 

3-7 

6-3 

9.0 

61.7 

4-4 

7.0 

9.8 

2-5 

45 

1.6 

4.4 

7.2 

9.9 

2.8 

5-7 

8.2 

61.1 

3-9 

6.6 

9-3 

72.2 

5-° 

150.0 

3.0 

5-9 

8-7 

51.6 

4.5 

7.6 

60.3 

3-i 

6.0 

8.8 

71.8 

4.6 

7-5 

55 

4.4 

7-3 

S0.4 

3-3 

6.2 

9-3 

2.1 

5-i 

8.1 

71.1 

4.0 

7.0 

80.0 

60 

45-8 

48.8 

52. 

55-0 

58.0 

61.0 

64.2 

67.1 

70.3 

73-4 

76.2 

79-3 

82.5 

65 

7.2 

5°-5 

3-5 

6.6 

9.8 

3.0      6.0 

9.2 

2-3 

5-5 

8-7 

81.8 

5-o, 

70 

8.6 

1.8 

5-o 

8-3 

61.5 

4.8|     8.0 

71.2 

4.6 

7-7 

81.0 

4-3 

7-5, 

i75-o 

50.0 

3-3 

6.6 

60.0 

3-3 

6.8      9.9 

3-2 

6-7 

80.0 

3-2 

6-7 

90.0. 

80 

1.4 

4.8 

8.1 

1.6 

5-o 

8.5 

71.9 

5-3 

8.8 

2.2 

5-6 

9.0 

H 

85 

52.8 

56.2 

59-8 

63-3 

66.8 

70.4 

73-8 

77-3 

80.9 

84.3 

87.9 

91.7 

95  -ot 

90 

4.0 

7.8 

61.3 

5-o 

8.7 

2.1 

5-7 

9.4 

3-o 

6-7 

90.2 

3-9 

7-5, 

95 

5-5 

9.2 

2.9 

6-7 

70-3 

4.0 

7-7 

81.4 

5-i 

8.9 

2.8 

6.4  IOO.O| 

200.0 

8.3 

62.1 

6.0 

70.0 

3-8 

7.8    81.7 

5-5 

9.4 

93-4 

7.2 

101.2]  05.0 

10 

61.0 

5-i 

9-3 

3-2 

7-4 

81.5 

5-5 

9-5 

93-7 

7.8  101.9 

06.0    10.0 

20 

639 

68.0 

72.4 

76.6 

80.9 

85.2 

89.4 

93-7 

98.0 

102.2  106.5 

110.8  H5.o( 

30 

6.5 

71.0 

5-5 

9.9 

4-3 

8.9 

93-2 

7.8 

102.2 

106.8 

ii.i 

15-5 

20.0 

40 

9.4 

4.0 

8.6 

83.2 

7-9 

92.5 

7-i 

101.9 

06.5 

11. 1 

15-9 

20.5 

25.0 

250.0 

72.1 

7.0 

81.8 

6.5 

91.4 

6.5 

101.2 

06.0 

10.7 

15-5 

20.4 

25-3 

30.0 

60 

5.o 

80.0 

S'° 

90.0 

4.9 

100.0 

05.0 

10.0 

15- 1 

20.0 

25.0 

30.0 

35-c 

70 

77.8 

82.9 

88.1 

93-2 

98.4 

103.8 

108.9 

114.1 

119.2 

124.5  129-5 

134.8 

140.C 

80 

80.6 

5-9 

91.2 

6-5 

102. 1 

07.4 

12.9 

18.1 

23-5 

2S.9!  34.3 

39-8 

45-C 

90 

3-2 

8.9 

4.4 

100.0 

05.7 

II. I 

16.8 

22.2 

29.7 

33-3 

38.9 

44-5 

50.C 

300.0 

6.0 

91.8 

7-5 

03 -3 

09.2 

14.8 

20.6 

26.3 

32.1 

37-9 

43-5 

49-3 

55-c 

10 

9.C 

4-7 

100.9 

06.8 

12.7 

18.6 

24-3 

30-3 

36.2 

42.2 

48.1 

54-1 

60.0 

20 

Qi-S 

97-7 

103.9 

IIO.C 

116.1 

122.2 

128.3 

134-5 

140.6 

146.8 

152.8 

158.9 

165.0 

30 

4-5 

100.7 

07.1 

13-2 

19.6 

26.O 

32.2 

38.5 

44-9 

5I-I 

57-2 

63.8 

70.C 

40 

7.2 

03.8 

10.2 

16.7 

23-2 

29.7 

36.2 

42-5 

49.1 

55-5 

62.0 

68.5 

75-o 

350.0 

IOO.C 

»    o6.€ 

13.4 

20.C 

26.8 

33-3 

40.0 

46.6 

53-2 

60.0 

66.8 

73-4 

80.0 

60 

02.S 

og.t 

16.4 

23.2 

30-2 

37-o 

43-8 

50-7 

57-5 

64-5 

71.2 

78.1 

85.0 

70 

io5.( 

>;II2.= 

ng.t 

126.8 

,133.8,140.8 

147.8 

154-8 

161.8 

168.9 

175-9 

183.0 

100.0 

80 

08.: 

'     IS-! 

22.C, 

30.0J    37.2 1    44.3 

51.7 

58.9 

66.1 

73-4 

80.5 

87.8 

95-0 
200.0 

90 

XI.] 

[|  i8.£ 

25.C 

|      33.3|    4O.7I    48.I 

55-e 

|  63. c 

70.4 

77.8 

85.2 

92.6 

400.0 
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Table  162. — Continued 

28 

29 

3° 

31 

32 

33 
46-5 

34 

35 

49-3 

36 

37 

38 

39 

40 
56.3 

D'ublt  - 
Ar_as    . 

76.0 

39-4 

40.8 

42.3 

43-6 

45-1 

47-9 

50.7 

52.1 

53-5 

54-9 

40.4 

1.8 

3-3 

4.8 

6.2 

7-7 

9.1 

50-5 

2.0 

3-5 

4.9 

6.4 

7-8 

8 

.1-5 

3-o 

4.4 

5-9 

7-4 

8.8 

50-3 

1.8 

3-3 

4.8 

6-3 

7-8 

9.2 

80.0 

2-5 

4.1 

5-6 

7-i 

8.6 

5°-i 

1-7 

3-2 

4-7 

6.2 

7-7 

9.2 

60.8 

2 

3-6 

5-2 

6.7 

8.2 

9.8 

1.3 

2-9 

4-5 

6.0 

7-5 

9.1 

60.7 

2-3 

4 

44.6 

46.2 

47-8 

49-3 

Si.o 

52.5 

54-2 

55-7 

57-3 

58.9 

60.5 

62.1 

63.7 

6 

5-6 

7.2 

8.8 

50.5 

2.1 

3-7 

5-4 

7.0 

8-7 

60.3 

1.9 

3-5 

5-2 

8 

6.7 

8.3 

50.0 

1-7 

3-3 

5-0 

6.7 

8.3 

60.0 

1.6 

3-3 

5-o 

6.6 

90.0 

7-7 

9-4 

1.1 

2.8 

4-5 

6.2 

7-9 

9.6 

1-3 

3-o 

4-7 

6.4 

8.2 

2 

8.8 

5o.5 

2.2 

4.0 

5-7 

7-5 

9.2 

61.0 

2.7 

4.4 

6.2 

7-9 

9.7 

4 

49.8 

51.5 

53-3 

55-i 

56.9 

58.7 

60.4 

62.2 

64.0 

65.8 

67.6 

69.4 

71.1 

6 

50.8 

2.6 

4.4 

6-3 

8.1 

9.9 

1-7 

3-5 

5-3 

7.2 

8.9 

70.8 

2.6 

8 

1.8 

3-7 

5-5 

7-4 

9-3 

61. 1 

3-o 

4.8 

6.6 

8.5 

70.3 

2.2 

4.0 

100.0 

4-4 

6.4 

8.3 

60.3 

62.2 

4.2 

6.1 

8.1 

70.0 

72.0 

3-9 

5-8 

7-8 

05 

7.o 

9.1 

61.1 

3-2 

5-2 

7.2 

9-3 

71.3 

3-4 

5-4 

7-4 

9-5 

81.5 

10 

59-7 

61.8 

64.0 

66.0 

68.1 

70.4 

72.5 

74-5 

76.7 

78.8 

8i.c 

83.1 

85.2 

15 

62.3 

4-5 

6-7 

8.9 

71.1 

3-4 

5-5 

7.8 

80.0 

82.2 

4-5 

6.7 

9.0 

20 

4.8 

7.2 

9-5 

71.8 

4.1 

6-5 

8.8 

81.0 

3-4 

5-6 

8.c 

90.3 

92.7 

125.0 

7-3 

9.8 

72.1 

4-5 

7.0 

9.4 

81.8 

4.2 

6.6 

9.0 

91.4 

3-9 

6.1 

30 

7o.o 

72.5 

5-o 

7-5 

80.0 

82.5 

5-o 

7-5 

90.0 

92.5 

5-o 

7-5 

100.0 

35 

72.6 

75-2 

77.8 

80.5 

83.0 

85.6 

88.1 

90.7 

93-4 

96.0 

98.5 

IOI.I 

103.7 

40 

5-2 

7-9 

80.5 

3-2 

5-9 

8.6 

91-3 

4.0 

6-7 

9.4 

102.0 

04.8 

07.5 

45 

7.8 

80.6 

3-4 

6.1 

8.9 

91.7 

4-5 

7.2 

100.0 

102.8 

05.6 

08.3 

II. I 

150.0 

8o.4 

3-2 

6.2 

9.0 

91.9 

4-7 

7-6 

100.5 

03.4 

06.2 

09.1 

12.0 

14.8 

55 

2.9 

5-9 

8.8 

91.8 

4-7 

7-7 

100.8 

03.8 

06.7 

09.7 

12.6 

15.6 

18.5 

60 
( 
65 

85-5 

88.5 

91.6 

94-7 

97-7 

100.9 

103.9 

107.0 

IIO.O 

H3-I 

116.1 

119.2 

122.2 

8.1 

91-3 

4.4 

7.6 

100.8 

03-9 

07.1 

10.2 

13-3 

16.6 

19.7 

22.8 

26.O 

7o 

90.8 

4.0 

7-3 

100.5 

03.8 

70.0 

10.2 

13-4 

16.7 

20.0 

23.2 

26.4 

29.6 

175-0 

3-4 

6.6 

100.0 

03-3 

06.8 

in. 1 

13-4 

16.8 

20.0 

23-3 

26.7 

30-1 

33-4 

80 

6.0 

9.4 

02.8 

06.2 

09.6 

13-2 

16.5 

19.9 

23-4 

26.8 

30.2 

33-7 

37-i 

85 

98.6 

102. 1 

105.6 

109.2 

112.8 

116.1 

119.7 

123.2 

126.7 

130.2 

133.8 

137.3 

140.8 

90 

101.2 

04.8 

08.4 

12.0 

15-6 

19.2 

22.9 

26.4 

30.0 

33-8 

37-2 

40.9 

44-5 

95 

03-7 

07.4 

II. I 

14.9 

18.6 

22.2 

26.0 

29.6 

33-3 

37-0 

40.6 

44.4 

48.1 

200.0 

08.8 

12.8 

16.6 

20.6 

24.4 

28.4 

32.2 

36.2 

40.0 

44.0 

47-8 

51.6 

55-6 

10 

14.0 

18.2 

22.2 

26.4 

30.4 

34-4 

38.6 

42.6 

46.8 

50.8 

54-8 

59-o 

63.0 

20 

II9-4 

123.6 

127.8 

132.0 

136.2 

140.6 

145.0 

149.0 

153-4 

157.6 

162.0 

166.2 

170.4 

30 

24.6 

29.0 

33-4 

37-8 

42.2 

46.8 

51-0 

55-6 

60.0 

64.4 

69.0 

73-4 

78.0 

40 

29.6 

34-4 

39-o 

43-6 

48.2 

53-o 

57-6 

62.0 

66.8 

71.4 

76.0 

80.6 

85.4 

250.0 

34-6 

39-4 

44.2 

49.0 

54-o 

58.8 

63.6 

68.4 

73-2 

78.0 

82.8 

87.8 

92.5 

60 

40.0 

45-o 

50.0 

55-o 

60.0 

65.0 

70.0 

75-o 

80.0 

85.0 

90.0 

95 -o 

200.0 

70 

145.2 

150.4 

155.6 

161. 0 

166.0 

171. 2 

176.2 

181.4 

186.8 

192.0 

197.0 

202.2 

207.4 

80 

50.4 

55-8 

61.0 

66.4 

71.8 

77-2 

82.6 

88.0 

93-3 

98.8 

204.0 

09.6 

14-6 

90 

55-6 

61.2 

66.8 

72.2 

77.8 

83.4 

89.0 

94-4 

200.0 

205.6 

11. 2 

16.6 

22.2 

300.0 

60.8 

66.4 

72.4 

78.0 

83.8 

89.4 

95-2 

201.0 

06.8 

12.4 

18.2 

24.0 

29.6 

10 

65.8 

71.8 

77.6 

83.6 

89.4 

95-4 

201.6 

07.6 

13.6 

19.4 

25.2 

31-2 

37-o 

20 

171.0 

177.0 

183.2 

189.4 

195-4 

201.8 

207.8 

214.0 

220.0 

226.2 

232.2 

238.4 

244.4 

30 

40 

76.2 

82.6 

88.8 

95-2 

201.6 

07.8 

14.2 

20.4 

26.7 

33-2 

39-4 

45-6 

52.0 

81.6 

88.0 

94.6 

201.0 

07.6 

14.0 

20.4 

26.8 

33-4 

40.0 

46.4 

52.8 

59-2 

35o.o 

86.8 

93-2 

200.0 

06.6 

13-6 

22.2 

26.8 

33-6 

40.0 

46.6 

53-4 

60.2 

66.8 

60 

92.0 

98.8 

05.6 

12.4 

19.2 

26.4 

33-o 

39-8 

46.8 

53-6 

60.4 

67-4 

74-2 

70 

197.2 

204.2 

211. 2 

218.4 

225.6 

232.2 

239-4 

246.4 

253-4 

260.4 

267.6 

274-6 

281.6 

80 

202.4 

09.6 

16.8 

24.0 

31-2 

38.4 

45-8 

52.8 

60.2 

67.6 

74-4 

81.8 

89.0 

90 

07.4 

14.8 

22.2 

29.6 

37-0 

44.4 

.51-8 

59-2 

66.6 

74.0 

81.4 

88.8 

96.2 

400.0 
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Table  162. — Concluded 


41 


57-7 
9.2 

60.8 
2.2 
3-8 

653 
6.8 
8.4 
9.8 

71.4 

72.8 
4.4 
5-9 
9.8 

83-5 

87.3 
91.2 


42 


102.5 

:o6.3 
11. 2 
14.0 
17.8 
21-5 

25-3 
[29.1 
32.9 
36.8 

40.5 

C44-4 
4S.1 
51.8 

59-5 
67.0 

174-7 
82.2 
89.8 

97-4 
205.0 

212.7 
20.2 
27.8 
35-4 
43-o 

250-6 
58.2 
65.7 
73-3 
80.9 

288.5 

96.1 

303.7 


59-2 

60.7 

2.2 

3-8 

5-4 

66.8 
8.4 

70.0 
1.6 
3-2 

74-7 
6.3 
7-7 

81.7 
5-6 

89.4 

93-4 

7-3 

101.2 

05.0 


43 


60.6 
2.1 
3-7 
5-3 
6.9 

68.4 

70.I 

1-7 

3-3 

4.8 

76.4 
8.1 
9-7 

83.6 
7-6 

91.6 
5-6 
9-7 

103.6 

o7-5 


44 


61.9 

63-4 

3.6 

5-o 

5-2 

6-7 

6.8 

8.3 

8.4 

70.0 

70.1 

71.7 

1-7 

3-4 

3-3 

5-0 

4-9 

0.7 

6.6 

8.4 

78.2 

9-9 

81.4 

5-6 

9.6 

93-7 

7.8 

101.9 

05 -9 

10.0 


45 


80.0 
1-7 

3-3 

7-5 

91.7 


46 


64.8 
6.4 
8.2 
9.8 

71.6 

73-3 
5-o 
6.7 

8.4 
80.2 

81.8 
3-5 
5-2 
9.4 

93-7 


95-8    97-9 
100.  o  102.2 


04.2 
08.4 
12.5 


06.5 
10.7 
15.0 


108.9  IH-S  114-2116.7  "9-3 
12.9  15.5  18.2  20.8  23.6 
16.7  19.5  22.3  25.0  27  " 
20.6  23.5  26.3  29.2  32.1 
24.5     27.4    30.4    33-4    36.4 


47 


128.4 
32.3 
36.1 
40.0 
43-9 

147.8 
51.8 
S5-6 
63.4 
71.2 

178.9 
86.8 

94-S 

202.3 

io.o 

217.8 
25.6 

33-4 
41.2 
49.0 

256.7 
64.5 
72.3 
80.1 

87.9 

295.6 

303-4 
11. 1 


I3I-5 
35-4 
39-4 
43-4 
47-4 

I5I-4 
55-3 
59-3 
67-3 
75-2 

183.3 

91.1 

99.0 

207.0 

I  i5-o 

223.0 
30.9 
38.9 
46.9 
54-8 

262.8 
70.7 
78.7 
86.7 
94.6 


134-4 
38.5 
42-5 
46.8 
50.8 

154-9 
58.9 
63.0 
71.1 
79-3 


137.6 
41-7 
45-8 
50.0 
54-2 

158.4 
62.5 
66.8 
75-0 
83.4 


187.5  191-8 
95.5  200.0 


203.7 
11.9 
20.0 

228.2 
36.3 
44-5 
52.6 
60.8 

268.9 
77-1 
85.2 
93-4 

30I.5 


140.6 

44-9 
49.0 

53-4 
57-7 

161.9 
66.2 
70.4 
78.9 
87-5 

196.0 
204.5 
13-0 
21.6 


08.3 
16.6 
25.0I  230.0 


66.2 
7-8 
9-7 

71.4 
3-2 

74-8 
6.6 
8.4 

80.1 
1.9 

83.6 

5-3 

7.0 

91.4 

5-7 

100.1 

04-5 
08.9 

I3-I 
17-5 

121.9 
26. 
30. 
34- 
39- 

143-8 
48.0 
52.2 
56.8 
61.0 

165.4 
69.8 
74.1 
82.8 
91.5 

200.1 
08.8 

17-5 

26.3 
35-o 


48 


67.6 

9-3 

71.2 

2.9 

4-7 

76.4 
8.3 

80.0 
1.8 
3-6 

85.3 
7.2 
8.8 

93-4 
7.8 

102.2 
06.7 
11 
15-5 
20.0 

124.4 
28.9 

33-4 
37-8 
42-3 

146.8 
51.2 

55-5 
60.0 

64-5 

168.9 
73-4 
77.8 
86.7 
95-6 

204.4 
13-3 
22.2 

3i-i 

40.0 


233-3  238.61243.7 
41.7 
50.0 
58.3 
66.7 


302.6  309.7 
10.5  17.8 
18.5     25.9 


275-0 
83-3 
91.7 

300.0 
08.3 


49 


69.0 

70.7 

2.6 

4-4 

6.2 

78.0 
9.8 

81.7 
3-5 
5-3 

97.1 

8.9 
90.7 
95-3 

9.8 

104.4 
08.9 
13-5 
17.9 
22.5 

127. 1 

31-7 
36.2 
40.8 
45-2 


50 


7*4 
2-3 
4.1 
5-9 
7.8 

79-6 

81.5 

3-4 

5-2 
7-i 

88.9 

90.8 

2.6 

7.2 

101.9 

106.5 
11.8 
15-6 
20.2 
25.0 

129.8 
34-3 
38.9 
43-6 
48.2 


75 


105.7 
08.4 

II. 2 
I4.O 
16.8 

"9-5 
22.3 

25-1 

27.9 
30.7 

133-4 
36.2 
38.9 
45-9 
52.8 


140.7 
44.4 
48.1 
51.8 
55-5 

159-2 
63.0 
66.7 
70.6 
74.1 

177.7 
81.6 
85.1 
94.4 

203.7 


159.8  212.9 
66.7 
73-7 
80.5 

87.5 


149.8  152.8 
54-3     57-4 


58.8 
63-4 
67.9 

172.4 
77-0 
81.4 
90.S 
99-7 


62.0 
66.8 
71.4 

176.0 
80.5 
85.2 
94-5 

203.7 


208.8  213.0 
17.8  22.2 
26.8  31.5 
36.0  40.8 
45.0    50.0 


194-5 

201.5 

08.5 

15-4 

22.4 

229.3 
36.2 
43 -o 
50.0 
56.9 

263.9 
70.8 

77-7 
91.6 

305-5 

319-4 

33-3 
47.1 
61.0 


248.9  254.I 
47-i|  52.4  57-8j  63.2 
55.6  61. 1  66.7  72.3 
64.2  6g.8  75-6  81.3 
72.7I   78.51  84-4]   90-4 


281.2I 287.2  293.3' 299.5 
89.7    95-9  302.2  308.5 


306.8 
15-3 


2  304-6 


316.7  323-8 
20.0    32.3 

33-3    40.7 


13-3 
22.0 

330.7 

339-4 

48.1 


11. 1 
20.0 
28.9 

337-8 
46.7 
55-5 


22.2 
31-4 
40.7 
50.0 

259.2 
68.5 
77-7 
87.0 
96.3 

305-5 
14-8 
24.0 
33-3 
42.6 

351-8 
61.1 
70.3 
88.9 

407.4 

425-9 
44-4 
62.9 
81.5 


75.0,500.0 

259.2  388.7  5i8.5 
68.5  402.7!  37-0 


17.6 
26.7 
35-8 

344-8 
53-9 
62.9 


77-8 
87.0 
96.3 

305-S 
14.8 
24-1 
33-o 


16.5 
30.4 
44-3 

458.2 
72.1 
85.9 
99.8 


42.6  513-7 


351-8 
61.1 

70.3 


D'uble 
Areas 


55-5 
74.0 
92.6 

611.0 
29.6 
4S.1 
66.0 
85.2 

527.6  703.6 
41-SJ  22.2 
55- 5|   40.6 


76.0 

8.0 
80.0 

2 

4 

6 

8 

90.0 

2 

4 

6 

8 

100.0 

05 

10 

15 

20 

125.0 
30 

35 

40 

45 

150.0 

55 
60 

65 
70 
I75-0 
80 
85 

90 

95 

200.0 
10 
20 

30 
40 

250.0 
60 
70 

80 
90 
300.0 
10 
20 

30 
40 
35o.o 
60 
70 

80 

90 

400.0 
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RATIO  CUT  TO  FILL  995 

Shrinkage  of  Earthwork. — No  mention  has  been  made  of  the 
hrinkage  of  earth  cut  when  placed  in  fill.  This  is  an  important 
actor  of  an  economical  grading  design. 

Trautwine  states  that  for  railroad  work  it  takes  1.08  cu.  yd.  of 
ravel  or  sand  excavation,  1.10  cu.  yd.  of  clay  excavation,  1.12  cu. 
d.  of  loam  excavation,  and  1.15  cu.  yd.  of  vegetable  surface  soil 
xcavation  to  make  1  cu.  yd.  of  embankment. 

The  quantities  1.08  cu.  yd.  of  gravel,  etc.,  refer  to  the  volume 
ccupied  by  the  material  before  removal. 

Trautwine  also  states  that  in  loosening  earth  and  loading  into 
vagons  or  cars  1  cu.  yd.  of  earth  swells  about  one-fifth  and  measures 
oose  practically  1.2  cu.  yd. 

These  values,  however,  cannot  be  used  in  road  work,  as  a  certain 
>ercentage  of  the  excavation  is  sod  or  vegetable  matter  that  is  not 
uitable  for  embankment  and  must  be  wasted. 

This  waste  material  raises  the  percentage  of  cut  necessary  to 
nake  the  fill. 

The  correct  ratio  for  road  work  has  been  a  source  of  contention 
imong  engineers,  and  it  is  believed  that  the  use  of  too  high  a  value 
las  resulted  in  needless  waste  of  thousands  of  dollars  during  the 
ast  5  years  in  New  York  State  alone. 

Under  this  head  it  may  be  stated  that  on  several  roads  under 
he  supervision  of  W.  G.  Harger  a  careful  study  of  this  point  was 
nade,  unusual  care  being  taken  with  the  original  and  final  cross- 
ections,  the  plotting,  and  planimeter  work,  and  it  was  found  that 
or  the  cases  investigated  the  ratio  of  cut  to  fill  varied  from  1.15 
n  heavy  cuts  to  1.27  in  light  skimming  work. 

It  is  the  general  opinion  among  engineers  of  Division  4,  New 
¥ork  State  Department  of  Highways,  that  the  percentage  formerly 
lsed  (namely  1.35)  is  too  high.  In  nearly  all  cases  where  the  work 
was  at  all  heavy  a  large  excess  of  dirt  had  to  be  wasted.  There 
have  been  some  roads  designed  on  a  basis  of  1.35  where  more  dirt 
was  needed,  but  in  the  authors'  opinions  this  was  due  to  discrep- 
ancies in  the  field  or  office  work  or  by  allowing  the  contractor  to 
use  the  roadbed  excavation  for  filler  or  concrete  material.  If 
the  soil  encountered  is  suitable  for  such  purposes,  it  is  plainly  up 
to  the  contractor  to  furnish  other  material  for  the  places  excavated. 

The  authors  believe  that  the  following  ratios  will  be  satisfactory 
for  ordinary  cases:  Earth  excavation  where  sod  is  rejected  for  fill. 

'Table  164 

Ratio 
Exca- 
Cubic      vation 
Yards     to  Com- 
per        pacted 
Station        Fill 
Light  skimming  work,  large  amount  of  heavy  sod     50  1 .35 

Light  skimming  work,  considerable  sod 60  1 .  30 

Light  skimming  work,  not  much  sod 60  1 .  25 

Medium  work 100  1 .  20 

Heavy  work 150-200  1 .  15 


It 
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Trautwine's   earth   ratios   are   correct   where   earth   borrow 
obtained  from  a  pit. 

Trautwine  states  that  1.0  cu.  yd.  of  solid  rock,  when  broken  u 
will  make  1.66  to  1.75  cu.  yd.  of  rock  fill. 

In  this  statement  he  assumes  that  the  fill  is  made  of  stone  aloi 
and  that  the  voids  are  not  filled.  In  most  road  work,  the  sme 
quantities  of  rock  encountered  are  dumped  in  with  the  earth  : 
embankment,  and  as  the  voids  are  all  filled  with  earth  it  is  evidei 
that  1  cu.  yd.  of  rock  will  make  only  1  cu.  yd.  of  fill;  however, 
a  large  unmixed  stone  fill  is  made,  his  ratio  holds. 

In  shale  rock  excavation,  1  cu.  yd.  will  make  from  1  to  1.2  cu.  y« 
of  compacted  fill,  depending  on  its  hardness  and  how  it  is  excavate< 
that  is,  whether  it  comes  out  in  large  blocks  or  is  consideraK 
pulverized. 

The  discussion  of  these  ratios  has  been  carried  out  to  some  lengt 
because  it  is  believed  that  they  illustrate  the  advantage  of  caref- 
engineering.  Several  of  the  New  York  State  plans,  the  cost  < 
which  has  ranged  from  $100  to  $200  per  mile,  have  been  revise 
with  this  end  in  view,  the  revision  costing  an  additional  $15  to  $3  J 
per  mile,  with  a  resultant  saving  in  construction  cost  of  from  $4c 
to  $1000  per  mile.1 

The  use  of  a  rolling  grade  was  recommended  in  the  chapter  c 
Grades.  The  designer  is  cautioned,  however,  not  to  carry  this  1 
extremes,  as  there  are  many  short,  small  hummocks  which  must  I 
disregarded  if  a  reasonably  good  profile  is  to  be  obtained.  Figui 
313  (p.  963)  indicates  a  proper  and  improper  use  of  an  undulatir 
grade. 

Figure  3 13^1  illustrates  the  actual  profile  on  Road  5046  New  Yoi 
State  for  a  short,  sharp  roll  which  has  proved  entirely  satisfactoi 
for  traffic  but  which  is  about  the  limit  of  permissible  abruptness. 

Overhaul. — If  dirt  must  be  hauled  more  than  a  stated  distanc 
(free  haul)  to  place  it  in  fill,  the  additional  distance  over  tr. 
free  haul  length  is  called  overhaul  and  is  paid  for  at  an  agreed  prio 
The  amount  of  overhaul  is  usually  estimated  as  Sta.  yd.,  meanin 
the  number  of  cubic  yards  of  excavation  that  have  to  be  overhaule 
multiplied  by  the  length  of  the  overhaul  expressed  in  stations  c 
100'  each;  that  is,  if  20  cu.  yd.  of  excavation  have  to  be  haule 
1500'  (15  stations)  to  place  in  fill  and  the  free  haul  is  stipulate 
as  1000',  overhaul  would  be  computed  as 

20  cu.  yd.  X  (15  Sta.  —  10  Sta.)  =  100  sta.  yd. 

If  the  cut  from  which  the  dirt  is  excavated  is  short  and  we 
defined  and  the  fill  likewise  well  defined  the  overhaul  can  b 
figured  with  reasonable  accuracy  by  taking  the  distance  from  th 
center  of  gravity  of  the  cut  to  the  center  of  gravity  of  the  fill  whic. 
can  be  easily  located  by  inspection.  If,  however,  the  cuts  and  fill 
are  not  well  defined  and  the  cut  from  two  or  three  locations  i 
hauled  to  a  number  of  fills  it  is  necessary  to  adopt  a  standar< 
method  of  computing  haul.  Also,  due  to  the  methods  of  makin; 
fills  it  is  generally  impossible  to  determine  exactly  the  distanc 
actually  hauled  by  the  contractor  and  the  usual  basis  of  measurinj 

1  191 2  scale  of  costs. 
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verhaul  is  the  mass-diagram  method,  which  assumes  that  each  yard 
f  earth  is  hauled  the  minimum  theoretical  distance  to  place  it  in 

he  fill. 

Mass  Diagram. — The  mass  diagram  merely  represents  grapni- 
ally  the  location  and  amount  of  each  cut  and  its  direction  and 
mgth  of  haul  to  place  it  in  fill.  Vertical  ordinates  on  the  diagram 
epresent  cut  or  fill,  cut  being  plotted  upward  and  fill  downward, 
'ills  must  be  converted  into  equivalent  excavation  before  being 
lotted.     Distance  is  represented  by  the  horizontal  dimensions. 

The  steps  in  determining  overhaul  from  mass  diagrams  are  as 

allows: 
i.  Compute  total  excavation  and  embankment  for  the  roadway 

nd  all  borrow  pits. 

2.  Determine  ratio  between  total  excavation  and  total  embank- 

nent. 

3.  Convert    embankment    into    equivalent    excavation,    using 

atio  just  determined.  ; 

4.  Compile  mass-diagram  tabulation  station  by  station  for  both 
oadway  and  borrow  pits 

5.  Plot  mass  diagram. 

6.  Divide  mass  diagram  into  a  series  of  sections  where  cut 
>alances  fill. 

7.  Eliminate  free  haul  from  each  of  these  balances. 

8.  Compute  overhaul  from  remaining  area  of  diagram. 
Figures   318,   319,   and  320  illustrate   three   typical  cases   and 

ire  explained  as  follows. 

Case  I.  Earth  from  a  Well-defined  Borrow  Pit,  the  Center  of  Which 
Ts  Located  by  Inspection  at  Sta.  o,  Is  Used  in  Making  a  Fill  Extending 
'rom  Stas.  o  to  10.  Free  Haul  Specified  as  500'. — The  first  step  is  to 
:ompute  from  the  cross-sections  the  total  excavation  in  the  borrow 
)it  and  the  fill  quantities  station  by  station.  This  is  shown  in  col- 
lmns  1  to  4,  Table  165,  to  be  1520-cu.  yd.  excavation  and  1384 
:u.  yd.  fill  in  place.  The  ratio  of  cut  to  fill,  for  example,  in  question 
s  1. 10.  The  embankment  quantities  must  next  be  changed  to 
iquivalent  excavation,  as  the  overhaul  is  figured  in  terms  of  excava- 
ion  yardage.  This  is  done  by  multiplying  each  embankment  qual- 
ity in  column  4  by  the  factor  1.10  and  recording  the  results  in 
:olumn  5.  If  correctly  done  the  total  of  column  5  should  equal  the 
;otal  of  column  3,  although,  due  to  the  factor  ratio  not  being  exact,  a 
flight  difference  not  totaling  over  1  %  is  of  no  practical  consequence. 
The  next  step  is  to  fill  in  columns  6  and  7,  which  represent  the  net 
excess  of  excavation  or  fill  for  each  station  figured  and  are  the 
differences  between  columns  3  and  5.  This  net  excess  represents 
the  quantity  of  material  that  must  be  moved  by  haulage.  For  this 
case  with  simple  cuts  and  fills  the  totals  of  columns  6  and  7  should 
agree  and  be  the  same  as  for  columns  3  and  5.  The  next  step  is  to 
compute  the  algebraic  total  to  each  station  as  shown  in  column  8, 
considering  excess  excavation,  column  6,  as  a  plus^  quantity  and 
excess  embankment,  column  7,  as  a  minus  quantity.  The  last 
quantity  in  column  8  should  be  zero,  although  a  variation  of  less  than 
1  %  of  the  total  is  allowable — in  this  particular  tabulation  one-fifth 
of  1%. 
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The  mass  diagram  is  plotted  from  the  data  in  column  8,  using  any 
convenient  scale  (see  Fig.  318).  It  can  be  readily  seen  that  the 
area  A  TBCDEFSA  represents  the  total  yardage  excavated  multi- 
plied by  the  distance  each  yard  is  hauled  or  the  total  station  yards 
hauled,  as  a  yard  of  dirt  at  A  is  not  hauled  at  all. 
A  yard  at  S  is  hauled  to  T,  a  yard  at  F  to  B,  and  a  yard  at  E  to 
C,  etc.,  the  sum  of  which  strips  equals  the  total  area.  To  get  the 
overhaul,  take  out  the  free  haul  of  500'  (vertical  line  at  Sta.  5)  and 
the  overhaul  is  the  area  BCD.  This  area  is  2.34  sq.  in.  and  the 
overhaul  for  the  scales  used  (1000  sta.  yds.  per  sq.  inch)  is  2.34  sq. 
in.  X  1000  =  2340  sta.  yd. 


3     4      5      <b      7      8      9 
NOTE:  Center  of  Gravity  of  Borrow  Pit  at  Sta.  0 


Horizontal  Scale  =200-ft.Hoiut 
Vertical  Scale  -  500  cu.  yds.  Excavated 


One  Square  - 1000  sta.  yds.  Haul 

Fig.  318. — Mass  diagram,  Case  I. 

Scales  1"  =  500  cu.  yd.  excavated,  vertical 
1"  =  200'  haul,  horizontal 
I  sq.  in.  =   1000  sta.  yd.  haul 

Case  II.  Road  in  Part  Cut  Well  Defined  and  Part  Fill  for  Some  of 
the  Distance,  Full  Cut  and  Full  Fill  for  Other  Sections  and  a  Well- 
defined  Borrow  Pit,  the  Center  of  Gravity  of  Which  Is  500'  of  the  Mid- 
dle of  the  Road.  Free  Raid  400'. — Procedure  is  the  same  in  the  matter 
of  tabulation  of  quantities  as  Case  I  (see  Table  166).  The  mass 
diagram  is  shown  in  Fig.  319  and  is  explained  as  follows:  Two 
diagrams  must  be  used  on  account  of  dead  haul  from  the  borrow  pit. 
The  cut  from  Stas.  o  to  2  makes  the  fill  from  Stas.  2  to  3  +  30  where 
the  fill  line  cuts  the  datum  line  at  C.  As  the  distance  A  C  is  less  than 
400'  (free  haul),  there  is  no  overhaul,  Stas.  o  to  3  +  30. 

The  fill  from  Stas.  3  +  30  to  5  is  obtained  from  the  borrow  pit 
located  500'  off  the  road  DF.  As  the  free  haul  is  400',  the  line  EH 
represents  the  limit  of  free  haul  and  the  area  CHEDG  represents  the 
overhaul  on  the  fill  from  Stas.  3  +  30  to  5.     This  area  equals  0.6 
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sq.  in.  X  2500  sta.  yds.  per  sq.  inch  =  1500  sta.  yd.  overhaul,  Stas. 
otos- 

In  a  similar  way  from  Stas.  5  to  12  there  is  a  small  distance,  Stas. 
7  to  10,  where  the  cut  makes  the  fill  (area  MNO).  For  the  balance 
of  the  distance  overhaul  is  required  from  the  borrow  pit.  The  limit 
of  free  haul  from  the  pit  is  marked  by  the  line  KQ  and  the  overhaul 
is  measured  by  the  area  KLMOPQK,  which  equals  1.08  sq.  in.  X 
2500  sta.  yd.  per  square  inch  =  2700  total  sta.  yd.  overhaul,  Stas. 
5  to  12. 


1000 


1000 


1000, 


0  1 2  345 


1000 
5  <bl  8  3  101112 

Horhonlal  Scale  -  500'W.  Haul 

V?r.  h'cal  Scale  -500  cu.yds.  Exca  va  feel 
One  Square=25Q0sh-tjds.  Haul 

Fig.  319. — Mass  diagram,  Case  II. 

Scales  \"  =  500  cu.  yd.  excavated,  vertical 
1"  =  500'  haul,  horizontal 
1  sq.  in.  =  2500  sta.  yd.  haul 

Case  III.  Borrow  Obtained  from  a  Long  Variable  Section  Pit  and 
Placed  in  a  Long  Section  of  Road  Fill  with  a  Long  Intermediate  Sec- 
tion of  Road  Where  the  Cut  Makes  the  Fill.  Free  Haul  400'. — For  a 
borrow  pit  of  the  kind  it  is  necessary  to  compute  and  plot  the  pit  in 
the  same  manner  used  for  the  roadway  computations.  These  com- 
putations are  made  in  the  direction  of  haul  in  the  pit;  that  is,  the 
zero  cut  quantity  is  taken  at  the  point  in  the  pit  farthest  from  the 
road.     The  tabulation  of  quantities  for  this  case  is  given  as  follows : 

Figure  320  shows  the  completed  diagram  for  Case  3.  It  is 
explained  as  follows.  Line  ABCDEFGHJ  is  plotted  from  the  tabu- 
lation of  quantities.  The  next  step  is  to  determine  and  eliminate 
from  the  diagram  any  sections  of  the  road  where  the  cut  makes  the 
fill  with  a  haul  of  less  than  400'  free  haul.  Bearing  in  mind  that  cut 
is  plotted  up  and  fill  down,  it  is  evident  that  roadway  excavation  DF 
makes  the  fill  line  FH  and  no  borrow-pit  material  is  required  from  D 
to  77  (Stas.  3  to  9+70).  Bearing  in  mind  that  the  horizontal  line 
DH  represents  the  length  of  haul  for  a  yard  excavated  at  D  and 
placed  at  H,  which  is  670'  and  that  the  free  haul  is  only  400',  it  is 
evident  that  between  Stas.  3  and  9  +  70  some  of  the  roadway  excava- 
tion must  be  overhauled.  A  horizontal  line  EG  is  therefore  drawn, 
locating  it  by  shifting  up,  so  that  it  is  exactly  400'  long  (free  haul 
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distance),  where  it  cuts  the  diagram  line.  This  means  that  the 
roadway  excavation  from  E  (Sta.  5)  to  F  (Sta.  7)  just  makes  the  fill 
from  F,  Sta.  5,  to  G,  Sta.  9,  without  any  overhaul.  To  get  the  over- 
haul on  excavation  from  D,  Sta.  3,  to  H,  Sta.  9  +  70,  take  out  the  free- 
haul  area  EGTS  and  the  overhaul  is  given  by  the  sum  of  the  areas 
DES  and  GET. 


4000 


3500 


3000 


2500 


P  2000 
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<->  1500 
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Free  Haul  Areas 
Overhaul  Areas 


BI234SB        ,  0 

<Borrow-3f.  -  800  from-  -  A 


1  2  3  4-5  (018910111213 


Pit       SB  to  0  Road 


•  Horiiorrlal  Scale  =500  ft  Haul 

•  Vertical  Scale  =S00cu-yds. 


Ons  Square  =2500s+a.yc/s.  Haul 

Fig.  320. — Mass  diagram,  Case  III. 
Scales  1"  =»  500  cu.  yd.,  vertical 


1" 
1  sq.  in. 


500'  haul,  horizontal 
2500  sta.  yd.  of  haul 


The  next  step  is  to  take  out  the  free  haul  from  the  borrow-pit 
haul  which  is  accomplished  by  drawing  the  line  KL  parallel  to  A  B 
and  400'  away  from  it.  The  overhaul  on  the  borrow-pit  excavation 
is  then  the  area  KLCDHJK. 

The  total  overhaul  for  Case  3  is  area  KLCDESTGHJK,  which 
equals  22.7  sq.  in.  multiplied  by  2500  sta.  yd.  per  square  inch  = 
56,700  sta.  yd. 

These  three  cases  outline  the  general  principle  of  the  work  and  if 
the  fundamentals  have  been  grasped  minor  modifications  in  condi- 
tions will  give  no  trouble. 
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Structures. — This  book  is  not  intended  as  a  textbook  of  structural 
design  (culverts,  bridges,  etc.).  Most  cases  can  be  handled  by  the 
use  of  standard  designs  for  small-span  bridges  given  in  Chap.  IV, 
(pp.  214  to  310)  or  by  the  use  of  the  state  or  federal  standards 
applicable  to  the  locality  in  question.  Basic  data  for  types  of  struc- 
tures, waterway  areas,  etc.,  are  given  in  Chap.  IV,  Drainage,  Part  I. 
The  following  tables  and  basic  design  data  will,  however,  be  useful 
for  cases  where  special  designs  are  required  or  where  it  is  necessary 
to  figure  the  safe  load  of  existing  structures  for  repair  or  condemna- 
tion purposes,  provided  the  reader  is  familiar  with  design  methods. 
If  the  reader  is  not  familiar  with  design  methods  he  is  referred  to 
Ketchum's  "Highway  Bridges,"  for  culvert,  bridge,  and  retaining- 
wall  design,  and  to  "Concrete  Engineer's  Handbook,"  by  Hool 
and  Johnson  for  concrete  arch  design. 

The  cost  of  surveys,  designs,  final  plans,  and  estimates  for  small- 
span  bridges  of  less  than  45'  span  will  range  from  ^  to  2%  of  the 
cost  of  the  structure.  This  cost  permits  proper  economic  alternate 
design  investigations. 

Bridge  Designs. — The  steps  of  ordinary  small-span  bridge  design 
with  references  in  regard  to  location  of  required  data  are  as  follows : 


Pages 

Channel  straightening 181 

Location  of  structure 181 

Waterway  area 186 

Debris  clearance 186 

Possible  utilization  of  parts  of  old  structure 210 

Economical  type  of  structure 205 

Final  road  surface  grade  considering  high-water  debris, 

clearance,  and  depth  of  floor  system 1025 

Foundation  and  abutments 207 

f  Loading 200 

Superstructures  -j  Roadway  widths 203 

{  Standard  details 214-310 

Protection  from  scour 211 

Cost  estimates n  50 


A  design  report  should  be  prepared  discussing  alternate  possi- 
bilities for  each  part  of  the  design  and  giving  the  reason  for  the 
adopted  design  (see  p.  774). 

In  training  designers  the  author  has  been  in  the  habit  of  starting 
out  by  telling  them  that  there  are  a  number  of  satisfactory  ways  of 
solving  any  problem  and  that  their  designs  would  be  accepted  with- 
out requests  for  revision,  provided  they  mastered  the  broad  general 
principles  outlined  in  Chap.  IV  and  actually  used  their  brains  to  get 
a  reasonably  suitable  and  economical  design.  Designs  are  never 
accepted  merely  because  they  comply  with  standards,  but  any  rea- 
sonable design  is  accepted  which  shows  careful  analysis  and  an  effort 
to  produce  an  economical  structure  suitable  to  local  conditions. 
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GENERAL  STATEMENT  OF  DESIRABLE  ECONOMIC  TYPES 
OF  SUPERSTRUCTURES  (SMALL  SPAN) 

Div.  No.  4,  N.  Y.  S.  Div.  of  Highways 

Spans  5  to  25'. — Slab  type  of  bridge  prefered  for  all  ordinary 
foundation  conditions.  For  soft  foundations  requiring  piles  I  beam 
stringer  type  generally  preferable  on  account  of  difficulty  of  form- 
ing (liability  of  settlement  of  deck  bents).  In  case  slab  type  used 
on  soft  foundations  forms  must  be  supported  on  piles  or  framed 
trusses  supported  by  abutment  toe.  On  hard  foundations  use  rigid 
frame  type  of  slab. 

Spans  25  to  45'. — Hard  pan  or  rock  foundations  with  excessive 
headroom  creek  to  road  grade  use  reinforced  concrete  arches  or 
I  beams. 

Hard  pan  or  rock  foundations  at  low  stream  crossings  use  double 
span  slabs  with  pier  where  there  is  no  danger  of  stream  clogging. 
Use  T  beam  superstructures  or  I  beam  superstructures  where 
single  spans  are  required.  The  use  of  T  beams  or  I  beams  depend- 
ing on  cost  considering  the  effect  of  difference  in  depth  of  floor 
for  the  two  types  on  approach  costs  as  well  as  the  comparative 
cost  of  the  superstructures. 

For  ordinary  foundation  soils  it  is  rarely  advisable  to  use  piers 
for  spans  less  than  45  feet.  For  these  conditions  use  T  beam  or 
I  beam  structures  the  selection  depending  on  economic  costs 
considering  effect  of  depth  of  floor  on  approach  costs  as  well  as 
cost  of  bridge  proper.  If  piers  are  used  on  ordinary  soil  founda- 
tions each  span  should  be  designed  with  free  ends.  Felt  con- 
struction joints  are  advisable  to  permit  minor  settlement  without 
crushing  or  cracking  of  parapets.  Pipe  rail  parapets  are  to  be 
preferred  to  solid  concrete  for  this  condition.  On  hard  pan  or 
rock  foundations  the  continuous  beam  design  is  desirable  making 
reinforcement  continuous  with  no  provision  for  expansion  or  con- 
traction up  to  50'  total  length  of  multiple  spans. 

Spans  45  to  100'. — Multiple  or  single  spans  as  determined  by 
economy  of  design  and  suitability  of  piers.  Piers  to  be  spaced 
not  closer  than  4  times  range  of  depth  between  high  and  low 
water.  Arches  preferred  on  rock  or  hard  pan  foundations.  T 
beams  next  choice.  On  the  soft  foundations  I  beams  stringers  or 
plate  girders. 

Loading. — Use  H-15  for  roads  carrying  less  than  2000  vehicles  daily  (10 
hour  count  in  summer).  Use  H-20  for  roads  over  2000  vehicles,  allowing 
for  60  year  traffic  increase. 

GENERAL  BASIS  OF  DESIGN 
State  Road  Bridge  Widths  &  Pedestrian  Traffic 

(Division  No.  4  New  York  State  1927) 

Allow  for  30  years  traffic  increase  on  types  of  bridges  that  can  be 
widened  without  entire  rebuilding  (slabs,  T  beams,  stringers  & 
arches)  class  A  bridges. 

Allow  for  60  years  traffic  increase  for  trusses  and  plate  girders 
(class  B  bridges). 
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The  following  satisfactory  bridge  widths  for  different  volumes  of 
traffic  are  based  on  12  hour  traffic  counts  in  August.  Allow  70% 
increase  for  30  years  and  100%  increase  for  60  years  for  roads  on 
portions  of  the  system  which  are  completed  and  traffic  routes 
fixed.  Make  special  increases  or  decreases  for  future  adjacent 
improved  roads  which  will  radically  change  normal  increase  which 
is  based  on  population  increase  (see  future  traffic  chart  for  Division 
No.  4,  page  31). 


Maximum  future  traffic  volume 

( 12  hr.  count  in  August)  allow  for 

30  to  60  years  increase 

Recommended  roadway  width 

Class  A  bridges 

Class  B 

bridges 

over  45' 

span 

10-25' 
span 

25-45' 
span 

Over  45' 
span 

Class  I  AA,  over  9000  vehicles. . . . 

Class  I  A,  5000-9000  vehicles 

Class  I,  2000-5000  vehicles 

Class  II,  1000-2000  vehicles 

Class  III,  300-1000  vehicles 

Class  IV,  under  300  vehicles 

40' 
40' 
30' 
30' 
30' 
24' 

40' 
40' 
30' 
24' 
24' 
22' 

40' 
30' 
24' 
22' 
22' 
20' 

40' 
30' 
24' 
22' 
22' 
20' 

Pedestrian  Traffic 

Where  there  is  immediate  necessity  for  sidewalks  use  either 
separate  foot  bridge  or  walks  on  bridge  are  required  by  the  layout  to 
fit  local  conditions.  Where  there  is  no  immediate  necessity  for 
walks  on  the  bridge  make  no  special  provision  on  Class  A  bridges 
as  these  bridges  can  either  be  widened  or  separate  foot  bridges  near 
the  road  lines  can  be  easily  provided  in  the  future  for  spans  under 
45  feet.  Where  class  B  bridges  are  used  provide  connections  for 
future  sidewalk  brackets  as  it  is  practically  certain  that  within  a 
few  years  sidepaths  for  pedestrians  will  be  common  practice  on 
State  Roads. 

Signed 

Bridge  Eng. 

Bridge  Plans  (see  pp.  1007  to  1012). — Bridge  plans  should 
include  a  general  layout  showing  location  of  structure,  chan- 
nel improvements,  road  approaches,  etc.,  a  set  of  detail  sheets 
carefully  dimensioned  and  elevationed  to  give  all  necessary  con- 
struction data,  and  sheets  giving  the  estimate  of  quantities,  bill  of 
materials,  detail  bar  lists,  and  bending  diagrams.  The  size  of 
sheet  is  the  same  as  for  road  plans.  Scales  for  general  layout  are 
generally  50'  to  the  inch  horizontal  and  10'  to  the  inch  vertical. 
Scales  for  details  are  varied  to  bring  out  the  necessary  data,  and 
generally  range  from  3^  to  1"  per  foot.  For  small  simple  structures 
where  the  regular  road  cross-sections  are  plotted  1"  to  5'  it  is  just  as 
well  to  retain  this  same  scale,  as  it  corresponds  with  the  road  plan 
cross-sections. 
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Approt.  Surface  of  Field. 

Bottom       Bottom  New  Chann 
Present  Channel .  S\  > 


Approx  Top  of  Bank. 
i 


■Bottom  Present  Channel 


0  1-N 

=78*73.5 Road 4 


New  Channel  Profile 


r 


I 


1 


2-'/2" Plates  33'-0?"/g  cut  to  fit  skew  angle  of  10 ' 


Same  Hole  spacing  as 
for  right  s/'de 


I 


1 

*   i  I  I, 

pip3"  j  1, 

d'ci  ">.^*4^5i"A<4'0Si^<4'0S^  Holes  in  Bottom 
.  Plates  for 
Countersunk 
%'BolfsS'lg--. 


NOTE  'Holes  in  Bottom  Plate  on  center  line  of  Stringers 
countersunk  on  top. 

Holes  in  Upper  Plate  on  each  side  ofSffinger  Flange 
countersunk  on  bottom 

For  size  of  length  of  Anchor  Bolts  see  B.R.302 
Expansion  Pla-fe  Derails 

Typical  plans  (3).     Creek  profile  and  expansion  plate. 
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X  Marks  Center  of    • 
Piles.  Piles  estimated- 
30'/ong  (Actual      V^, 
length  to  be  used     $  _ 
as  ordered)  2:9'\ 


G 
I 


Skew! 


VerticalJomt      '8~? 
between  Abutments  \ 
and  Wings 

C 


,1-30.5      +44- 


o  ksr. 


-t iQT'  '4 L 

G  ,    ;(  \-Pavement  Joint 
,'  -ferkTv 'Pavement 'Joint 


';  $of Improvement*  -  ft,   x. 


;^--/©-r — 45  Clear  Span 
oil  *  • 

©  /§,     '©  ' 


,-    { /Beams   29".  1J/;   /,.  ■■.;., 7/^  East  Abutment  Pik 
V  *'*"/  III!  &  Layout  same  os 
H/f:   West  Abutment 


•& 


Plan 


EJ 


Foundation  Soil  Fine  Sand 

(Practically  Quick  Sand) 
Piles  if  ordered  (Length  as  ordered) 

Minimum  Penetration  13 ' 
(Use  Water  Jet  if  necessary  to  get /3  Penetration) 
Rip  Rap  along  Toe  of  Abutment  and  Wings 
if  Piles  are  not  used 


',  Pile  Layout  same  as 
'  Northwest  Wing 


%  fP-4'. 

24" 


\\ 


w 


K> 


/■Bolts  for  Future  Cable  Rait 
t  Grade  397.7  Connections  in  End  of  Parapet 

•ts    Level  across  Bridge 


28-165* 
Bethlehem, 
Girder 
/■Beam 


p3-*  Jo  Center  of  Span 


^'•^f^W^l^M^z SBoH-  Yearns 
va£-j    lr/S  -:      '••        ^T94.3Boit.  Com.  C 

.Half  Section  A-A  « 

JH8?t397.7TopofWings 
'}394  5 Bridge  Seat 


^394.3  Boft.  Com.  Casing 


?d"<  SW5  Bridge  Seat  "-cj; 

High  Wafer  97.0  to  92  5  JfhWmgBack         Abutment  Base  Pressure  Diagram 

n\fgaffer6orr/        .  ,  3  - 

Abut.  Back  Face     387.7^  jfc.  Face  Batter  6  on t 

\,Back  Batter  6 on  I 


Face  Batter  6onf 

tow  Water 84  Ot , 


A?tt  Creek  Channel, 
Elev.W.O'. 

12  Mm 


Sheetingfremove) 


12'tolS' 


I  Sheeting Cremove) 

■ST 

*3k|  Key  Joint 


>' 

/Space  Piles  along  rows  2'9c.toc.    /  %*  */>«%  ^f7/  ^tw 
/     r  ex-  /      OS  shown  on  General  Layout 

Sheeting  reqwred  Sections    sheeting  required      Section  D-D 
need noibe  eft, n    B-BandC-C     tobeleftTnplace     '  " B  " 

place,  fPJes  are  use3~  if  Piles  are  not  used 

Typical  plans  (4).     Bridge  details. 
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General  Notes 

General  clauses  B.R.  302  &  702  to  apply. 

All  concrete  rub  finished. 

Earth  excavation  maximum  limit  of  payment  as  per  B.R.  702. 

»ecial  Form  Note 

Abutment  and  wing  forms  shall  have  the  following  minimum 

quirements. 

Face  forms  iK"  tongue  and  grooved  lumber  plained  on  one  side. 

Vertical  studding  at  least  2"  X  6"  spaced  not  over  24". 

Horizontal  studding  at  least  4"  X  6"  spaced  not  over  24". 

Forms  tied  with  rods.     Wire  ties  not  permitted. 

Tie  rods  spaced  not  more  than  42"  along  whailers. 

Studs  spaced  16"  c.  to  c.  for  %"  facing. 

Wire  ties  2 — No.  6  or  4 — No.  9  spaced  36"  along  wales. 


Prelim.  Summarized   Estimate 


No. 


Item 


Unit 


Net 


Cont.       Gross 


1 

2 

3 

7b 
10 
IS 
16 
17 
2  I 
30 

30  A 

32B 

34 
38 
39 

42 
47 

5  ID 

56 
59 
60  A 

62 

72 

78 
80 
82 

83 

84 
87 
89 


Clearing  and  grubbing 

Earth  excavation 

Rock  excavation 

4"  Pipe  underdrain 

Relaying  pipe 

Portland  cement 

Cement  concrete  for  structures 

Cement  concrete  for  parapets. . 

2nd  clase  concrete 

Metal  reinforcement  for  pave- 
ment   

Bar    reinforcement    for    struc- 
tures   

Structural  steel 

Wooden  guide  rail 

Preparing  fine  grade 

Foundation  course  (run  of  bank 
gravel) 

Bottom   course    (run   of   bank 
gravel) •.••••. 

Top  course  bituminous  maca- 
dam   

Cement  concrete  pavement .... 

Trimming  shoulders 

Scarifying  old  macadam 

Bituminous      material      water- 
proofing   

Screened  gravel  (loose  measure) 

Bituminous  material  T  penetra- 
tion   

Maintaining  traffic  (if  ordered) 

Rip  rap 

Dismantling  superstructure  and 
steel  abut 

Coffer  dams,  etc 

Timber  piles 

Test  piles 

Resetting  wooden  guide  rail .  . . 


L.  S. 
C.  Y. 
C.  Y. 

lin.  ft. 
lin.  ft. 
bbl. 
C.  Y. 
C.  Y. 
C.  Y. 

sq.  yd. 

lbs. 

lbs. 
lin.  ft. 
sq.  yd. 

C.  Y. 

C.  Y. 

C.  Y. 

C.  Y. 

lin.  ft.  rd, 

sq.  yd. 

sq.  yd. 
C.  Y. 

gal. 
L.  S. 
C.  Y. 

L.  S. 

L.  S. 
lin.  ft. 

each 
lin.  ft. 


Nee. 
4,000 


950 
95 
6. 
580 

151 

6,200 

66,430 

100 

1,050 


100 

120 

14 

500 


1.350 

3.300 
150 

Nee. 

Nee. 

2 
600 


500 
10 
100 
100 
150 
5 

0.9 
60 


300 

570 

200 

50 

150 

20 

10 

I 

50 

loo 

50 
50 


4,000 

2 

100 


Nee. 

4.500 

10 

100 

100 

1,100 

100 

7 

640 

160 

6,500 

67,000 

300 

I.IOO 


ISO 
130 

130 

15 
550 
100 

1,400 

50 


200  3.500 

Nec.         Nee. 
10  160 


Nec. 
Nec. 
4,000 

4 
700 


Typical  Plans  (5).     General  notes  and  summarized  estimate. 
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Approx.  Bill  of  Materials 


Item 


Net  est. 


Gross  est. 


Cement 

Concrete  stone 

Concrete  sand 

Rip  rip  stone 

4"  Drain  tile  if  ordered 

Screened  drain  gravel  if  ordered 
Steel  (see  special  list) 


950  bbl.  ± 
700  C.  Y.  ± 
350  C.  Y.± 
150  C.  Y. 


1,100  bbl.  ± 
760  C.  Y.  ± 
380  C.  Y.± 
160  C.  Y. 
100  lin.  ft. 
So  C.  Y. 


Detail  Bar  List 


Bar 

designa- 

Size 

Num- 

Length 

tion 

of 

ber  of 

each 

(see  BR 

bar 

bars 

bar 

302) 

Location  of  bars 


e 
f 
g 
h 

m 
n 


K"« 

69 

35-02" 

W<t> 

136 

32'- 10" 

K"4 

8 

48'-o8" 

K"4> 

2 

48'-oo" 

H"<t> 

20 

3'-03" 

Y2't> 

16 

3  -06 

H"* 

16 

3-09" 

K"4> 

16 

4'-oo" 

w* 

29 

48'-o6" 

K"<t> 

48 

IS -os" 

Bent  traverse  slab  bar 

Straight  traverse  slab  bar 

Straight  longitudinal  bar  in  parapet  ar 

curb 
Top    longitudinal    bar    in    parapet    an 

curb 
Vertical  bar  in  parapet  and  curb 
Vertical  bar  in  parapet  and  curb 
Vertical  bar  in  parapet  and  curb 
Vertical  bar  in  parapet  and  curb 
Longitudinal  top  and  bottom  slab  ba 
Longitudinal  bar  under  I  beams 


Table  of  Excavation  and  Embankment 
Road  Approaches 


Sta.  to  sta. 


>. 

^  c 

>» 

0 

S  £ 

0 

.3  0 

6 

6 

Remarks 


7S+SO-78  +  SO 

Drives 
78+95-81  +  50 


700 
300  ± 
1,000 


800 

400 

1,200 


Obtain  from  channel  exc.  prei 
erably  above  elev.  384.0 

Obtain  from  channel  exc.  pre! 
erably  above  elev.  384.0 

Obtain  from  channel  exc.  prei 
erably  above  elev.  384.0 


Creek  Channel  and  Structural  Excavation 
Backfill 


2+40  —  S—  1+00  — N 


4,300  ±     600  + 


Use  best  materials  for  road  fill 
and  abutment  backfills 


Typical  Plans  (7) , 


Tabular  information  for  contractors  and 
inspectors. 
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Utilization  of  Old  Structures.  Case  1. — Where  abutments  and 
perstructure  are  properly  located  and  of  standard  strength,  but 
e  roadway  is  too  narrow,  the  structure  is  widened  (see  Fig.  A, 
low). 


Rip  Rap  Stream  Bank 
and  Rood  Approach  Fills 
,      0  S^<     ..■  Existing  Wing 


Rip  Rap  Approoeh  FJts 


36-0  .Jloft.  New  Founda+^n 
'     Piles  if  ordered 
(Probably  not need? -a) 
SOOlm  ft. allheal 


Wingareacvrout\  Tapot  ^""w^W" 

downtofooter     \footer4lOJ ?X_J_ 

Bottom  New  Foundation  Bed  of  Stream        •         I 

Piles  if  ordered.  Probably  not  needed  Approx  Bottom  Old 

SecfionA-A  rwndation.on  Piles 

Foundation  Soil-Gravel 

.-I'lzCover 
ij/tdov/els 
y/tbors 
Area  of  old  wing  cvtoutc-d 
replaced  with  newconc--  "* 
Variable 
Old  Wing  to  remain 


.        Iffi  \V 'Dowels  acts 
~M^3(.  labors  tig.     , 
CCutdown 
I  wing  43-0 


Section  B-B 


-Old  Wing 
to  remain 


7M*bars4ch in Ibarbent  L 
fe'tbars l?cts   *•-'' 

4tO~'«pf4'   '¥<"«■  4l.p-, 
gift.  i>6*  BedofStreomJ? 

3&0'tosordered\ — I  S6-0f 


Section  C'C 


Section 
D-DondH-H 


Section  E-E 


'ig.  A. — Utilization  of  old  structures,  Case  1.     Old  superstructure 

and  abutments  retained  and  extended. 
fote. — In  this  particular  case  the  widening  cost  $3000  less  than  a 

new  structure. 
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Case  2. — Where  the  abutments  are  good  but  the  superstructur- 
too  weak  for  modern  loads  the  method  used  in  Fig.  B  is  oftei 
desirable  and  is  a  money  saver. 


\Sh.  130*00 


T  if  •*-  .  •      if  -* 

■b-m i — a 


Present  Structure  • 

NOTE  Old  Abutments  I         fi££* l'"esJ   "II 

ind  Superstructure  to  ^  K  '  q  n  5T 

remain  Old  Wings  to         Existing  Bridge  HI2'/2 ,  Original  Design 

be  be  removed  Build  Net/  ,jn         .„  ,    ,        , 

Standard  Slab  BR  201  ..     .  Cirt  Present  Parapets  down  to 


/Wings 
with  Face  Batter  ribffn 

Rip  Rap  Approaches 

Top  Wihg  Ben.  313. 9~- 
hp  Rip  Rap  Elev  3/1. 0  ZS^EIev  3/2Q, 


End  Wmg- 
e/ev  308.0 


Bott.of Hew  Slab  in  contact 
ijthtqp  OfQIdSlaps— - 
X0"f '^Concrete  'Pavement^ 


u,  .  withtqpofQIdSlqps-  -     M  /  /  „ 


Present  Road  Surface 
(Remove  Present  Macadam 
down  to  Old  Floor  Slab) 


",fv?&  Concrete  Pavementi-      '^fff*  jj\     (Remove P 
"'-Uole  \ 


"  ^^cJdCo^FlsZtorefJ-3^35' 


Weephole 
% 

jBott  Creek  Channel 


«/       ■■»■  r.-n.,     ,,  ,  |      r~,.w..n„„    p| gags 

5-* — '    Bottom  of  Foundation  ■'     B-*— '        ' — »-C    Approx 


Stream  Be 


if  Ear  th  Formation  is  encountered  EL  301 0 
Sedion  A-A  Along  Center  Line  of  Bridge 

*// Dowels,  24  "la  IScts  -'VSf 
._/  y  I  UEJev.313.9 


Face  Batter  I  to  12 

Creek  Bed  Elev.305.0t 

Bett  Foundation  tJ- 

if Earth  3010 


'*$£-i'E/ev  312.0       Face 


Elev  300.0 


Batter 
I  "to  12 


i-  Hey  Jomt 
Weep  Hole 
■Elev 3030  TopEartha- 

. Bw.30SSi 

Approx.Bott  - 
coundation  if  Rock     ™ 


Abutment  Section 
B-B 


Elev 301.0  Wing  Section 

c-c 


—  Bottom  of 
Foundation  if  Rock  is 
encountered  El.  303  Si 


■■Etev.308.0 

Appro*.  Top  EarHt 

sBott.  Foundation 
—     if  Rock 
Elev  3 03 X) 

~*-Elev300.0 


Fig.  B. 


-Utilization  of  old  structures,  Case  2. 
entire  new  structure. 


Wing  Section 
D-D 

Saved  $1500  over 
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Case  3. — Where  the  abutments  are  good  but  where  superstructure 
is  either  of  a  type  which  cannot  be  widened  or  is  unsuitable  to  act 
as  a  form  for  a  new  deck,  the  existing  superstructure  is  abandoned 
and  the  abutments  utilized  as  shown  in  Figs.  C  and  D  (pp.  1015  and 

1017). 

Rip  Rap  Approach  Fills  and  Around  Ends   >» 

of  Wings  as  ordered  up  to  Elev.S 26.0  and   %  NOTE.  Present Abutments 

for  at least  ?S  'back  from  Each  Wing       £=     shown  in  dolled  lines 

Joint  Line  Abutments 
£ '     /and  Wings 


.    Standard  BR302  Parapet.  _ 
?    parallel  to  Road  Center  Line 


I    CL  of  Bridge. 

NOTE' Present  Concrete  andStsei, 
Superstructure to  beremoved.JlemUo.7S. 
This  Item  includes  the  removal  of\ 
Concrete  floor  and  Casings  as  I 
wellas  theSleel 

Rock  removed  from  Abutments  \ 
or  for  foundations  Excavati""/** 
will  be  paid  for  as  Item  Nt 


Stringers  are  Bethleham  Beams 

(28  "-I06  lb.  per  ft.  34  -06" Ig.) 
Bearing  Plates  and Expansion  Plates  same 
distance  from  Ends  of  Beams  as  shown  for 
Standard  Length  for  30  ft.  Clear  Span. 


Standard  Pxrapef 

/Bolts  in  Ends  tor 

Guard  Rail 

24  "at  Ends 

iS'at  Center 

r~S292 


^Bottom  of  New  foundation  SI3.0 


Section  A -A 


{ Bottom  of  New  foundation  513.0 


Fig.  C. — Utilization  of  old  structures,  Case  3. 

Note. — In  this  case  utilization  of  old  masonry  resulted  in  a  reduction 

in  cost  of  approx.  $2500. 
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2-'/?P/a1ts32-8lg-''/8*CourrhrsunkBol+tto!es      u 
for  %"*  Countersunk  Headed  Bolts  0-03  "fy  j 


%  Holes  for  fanchor  Bolts 
Plates 


8-'/,  Bearing     , 


*         ,.-5-" — .         f5\       .,-5-, 


Detail  of    vp.B&od 

Bearing  Plate        X    ^ 

NOTE:  For  the  back  *  | 
tor^  c*7  west  end  of  § 
flftflf  90  °C(7/7  te  changed  "o 
//?  J%e  /W  &  f/tactual'-^. 
Conditions  of  took  facing  X 

Bending  Diagram 


Half  Bending  Diagram  -Bent  Bar"c 


/feeals  of  Bolts  to  be  flush  with  surface 

Half  Detail  of  Expansion  Plates 


5292^&£:'  •  7," 
^->„  ..     ,    \    1(42  or  36 
2&2Br,dyeSeaU\  ^^ 


Vertical  Face-^, 

§21.0^4         fa  jm. 
Vert.facel    W 


6" 


•**# 


6" 


•5/J<bL 


■w 


k»  -.9*  3//*barsinSeat 
Jb  orU  --.       :  £,«  •£  -^c-j 

25.0  " 


■v,*w       *,-/4  nt"Hf-  a-a  a'd Masonry 
[Masonry   borsl?c.fou\     \  (to remain) 

Keyjoint 

SI3.&. 


spaced  as  shown  \ 
"J" bars 


Section  B-B 


Section  C-C 


Section  C-C 


l"Bit.  filler 


ti'tbars 
1 1" Bit.  Filler 


r48or42 


262BriJgeSea%^b-4-3U*kars 
*'  "v'bars 


36  or  30"' 


Old  Masonry    Rowels 
a     in  Joints 
Expansion  Pis  iSwide  Old  Masonry 
otEndofJ-Beams 
New  Concrete  Cap 

dimtkd  toOld  Mosonru  ...  -  n 
2-WDowelsatEvery  Action  D-D 
Joint  in  Old  Bridge  Seat 


Old  Masonry  J 
(toremoin)  *~% 


r1  \si3.o 

Section  E-E 


%'tbars  *2"/a. 
spaced  asshown  9 
c"     Vert,  face 

';sno      &(%  1 


Section  E-E 


*:\SI30 
Section  F-F 


Fig.  C. — {Continued.) 


BRIDGE  DESIGN 


1017 


€19989 


, El  999.2 


NOTE.  South  Side. 
Masonry^  Abutment 
and  Wings  to  be  remo, 

Both  South  Wing  Walls 
the  same  layout 


,  ♦  it  ■*  of  {Improvement 


NOTE.  Old Masonry 
'  Slab  and  Wings  to 

,  be  removed 

'•if    Both  North  Wing 
ii    Walls  the  same /ago  c  t 


El.  998. 3 


El  999.3 


£1.70060 

Wbars.fy.R'c.loc'. 


^Proposed  Concrete  Pavement 


■  *!,- -/2'-6"-~- 


^62  -  -rj*W:3"  ..* 

y   ffifejr  JU  bars,  <?  'lg  I2"c  1 


NOTE' If  Old  North  Abutment 

is  retained  and  utilized, 

usesolidline 

If  condition  of  Masonry      I  ~~d 

does  not  warrant  utilizing  I  ^ 

North  Abutment,  usesame™!    .  - 

section  as  proposed  tbr       \     V* 

South  Abutment  \J<-/&<?  Pressure  6600  Ib.persa.  ft 

Section  A-A 


24" 'El.  1003 7 
%"* ''bars,  Wig  l2'ctoc 
lU*bars,Ze'/g  l?"ctoc 
-Back  Line  for  Concrete 
Abutment  Extension 


Fig.  D. — Utilization  of  old  structures,  Case  3. 

one  abutment. 


Face  and  extend 
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El  10080 


h  -  -  -  -  -I6-4* 4<- /6'J"  - 

i%rS"  Proposed  (one  Pavement  #L* 

,  T/fl"    V-  9,0--^-l9-0-'->\   %H 


fi9989 


^  &  ^  »  ^p^^i^ggit  irgg 


i/  Z?/"W7  £/<? 


4"Drain  Tile 

'     ■S-'rean  Bed  996  7, 


'Bed '996  7,  


Face  Elevation        °    50ulh  Abutment 


El  993  9 


,-£1.99*7 


1/B99F.J 


hp  o  f  Wheel  Guard  07" 
above  center  hne  Crom/n  Grade 
and  parallel  lo  Grade 


I&-4"   ■ 


El  999  3 


i    Proposed  Cone  Pavement 
■J--?-  -  -16-4."        -  -.* 

8~&8" 
™    El  1008  4 


■  ^^?^yy^V.<^^^~^y..:yx^Fi  101 

"  ^OldMosonruAbiAmenfh}     r 

remomfaceaiSbomonSect.A-A  femove  Old  Masonry  Wing 


k-^V"-       A<--W:0"-  --H 


Face   Elevation      North   Abutment 

■II0080t\  EU008.4 

\FaceBarter_.    .  .., 
'/z 'per  ft 

El  999  J '^ 

Section  C-C  Section  D-D    Section  E-E 


El  999  3 


' ^  El  994 . 


\,  El  99?  7 


10'  '/2'*bars, 

PZZhTFnd    l?'S'!9*<f°< 
X  North  End {     J//^^} 

Detail  of        '- -5t%rs, I6:0'lg 

Pora  pgt  a^d  Curb     straight  4"c  toe 


Fig.  D. — (Continued.) 
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Case  4. — Where  the  arch  type  of  bridge  is  suitable  the  abutment 
sign  can  be  radically  cheapened  as  shown  in  Fig.  E  if  the  old 
)utments  are  solid  and  firm. 
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FLOOD  FLOW 
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Drainage  Area,$q. mi. -Small  Watersheds (Culverts) 
L0  0.2  0.4  0.6  0.8 


0  0.2  0.4  0.6  0.8  10 

Drainage  Area, sq. mi -Small  Watersheds  (Culver  b) 

[agram  I. — Flood  runoff  for  small  streams.     N.  Eastern  States 
(See  Table  47,  page  189.) 


1022 


OFFICE  DATA 


Drainage  Areas,  sq.Tni. 
tO  15  20  25  30  35  40 


5000 


4500 


4000 


3500 


3000 


Drainage  Areas, sq.  mi 
NO  TE'.  Medium  Sized  Watersheds 
Small  Span  Bridges 

Diagram  2. — Flood  runoff  for  streams.      Medium  size  watershec 

N.  Eastern  States. 

(see  table  47  on  page  189.) 


FLOOD  FLOW 
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Acres 


10  15 

Acres 

Diagram  3. — Typical  storm  sewer  runoffs.     Lima,  Ohio.     (Rather 

flat  topography.) 


OFFICE  DATA 


.pa^  puooas  jj-Q*  und 


BRIDGE  CLEARANCES 


1025 


Elevation  of  Road  Grade  across  Bridge. — The  elevation  of  road 
grade  across  structure  depends  on  elevation  of  high  water,  debris 
clearance  and  floor  depth.  The  following  data  which  was  compiled 
for  New  York  Standards  (1926)  gives  a  good  general  idea  of  the 
clearance  data  required  for  this  part  of  the  design.  Similar  data 
can  be  compiled  for  each  locality  using  the  prevailing  clearances 
for  that  district.  For  special  cases  standard  floor  depths  can  be 
reduced  6"  to  9"  for  approx.  $200  to  $400. 


Clearances   above    High  water1  to  Determine  Approximate 
Road  Grade  over  Brddges 

New  York  State  Standards  (1926)  H-20  loading 


Span 
(ft.) 

Minimum 

debris 

clearance 

(ft.) 

Depth  floor 
slab  bridges 

Depth  floor 
I-beam 
bridges 

Depth  floor 
T-beam 
bridges 

6 

0.5 

1 . 2' 

10 

0.5 

1-4' 

2.0' 

15 

0.8 

1.7' 

2.5' 

20 

0.8 

2.0' 

2.7' 

25 

0.9 

2.4' 

30' 

2.6' 

30 

1 .0 

30' 

30' 

35 

1 . 2 

34' 

37' 

40 

1-5 

3-4 

4-5' 

45 

2.0 

3-4' 

22'  roadway  plate  girders  (50  to  90'  spans) . .  . 
30'  roadway  plate  girders  (50  to  90'  spans) . . . 
40'  roadway  plate  girders 

Depth  road 

surface  to 

bottom  steel 

Debris 

and  ice 

clearance 

3-0-3  -5' 
3-5 -4 -o' 
4-0'-4-5' 
3-5' 
4-3' 

2.0' to  4.0' 
2.0' to  4.0' 
2.0' to  4.0' 
2.5'  to  4.0' 
2.5' to  4.0' 

22'  roadway  truss  bridges  (90'  or  more  spans. . 
30'  roadway  truss  bridges  (90'  or  more  spans) . 

1  Note:  High  water  elevation  is  the  upstream  backwater  head  elevation  to 
produce  desired  velocity  through  opening  for  sluggish  streams  or  normal 
upstream  highwater  where  natural  stream  velocity  is  maintained.     Approx. 

V2  .... 

backwater  head  in  feet  =  —  where  V  equals  desired  increase  in  natural  flow 

64 
velocity  in  feet  per  second.     (For  table  see  page  196.) 

Example. — Assume  that  new  bridge  is  to  be  built  across  outlet  stream 
emptying  into  a  lake  with  dead  water  at  bridge  site.  Assume  6'  per  second 
is  desired  at  bridge  opening  and  that  lake  highwater  is  248.3.  Assume  that 
an  80'  plate  girder  bridge  with  22'  roadway  is  to  be  built.  Assume  debris 
clearance  of  2.5'. 

Backwater  head  =>  -r—  =  —  =  0.57'  =  say  0.6' 

64        64 
Backwater  head  elevation  248.3  +  0.6  =  248.9 
Required  elevation  of  bottom  of  steel  = 
248.9  +  2.5  debris  clearance  =  251.4 
Road  grade  =  251.4  +  3.0  floor  depth  =*  254.4 
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Design  of  Forms. — Design  of  strength  of  concrete  forms  for 
abutments  and  wings  depends  entirely  on  the  speed  with  which  the 
concrete  is  deposited.  If  these  structures  are  constructed  in  short 
sections  and  poured  monolithic  from  bottom  to  top  in  a  short  time 
(less  than  2  hr.)  they  should  be  designed  for  horizontal  pressures 
resulting  from  the  depth  of  concrete  laid  in  that  time.  If  a  small 
mixer  is  used  and  the  level  of  the  concrete  is  raised  in  successive 
shallow  layers,  each  one  of  which  has  time  to  set  before  the  next 
layer  is  placed,  less  studding,  whales  and  ties  are  required.  Figures 
348  to  354  (pp.  1346  to  1353)  show  common  practice  for  structures 
of  different  types. 

Deck  and  girder  forms  are  generally  designed  for  total  weight 
of  concrete  plus  50  lb.  per  square  foot  live  load  and  assume  that 
the  concrete  is  carefully  deposited  and  not  dropped  in  large  masses. 

Table  181  (p.  1052)  gives  usual  design  values  for  horizontal  fluid 
pressure  of  concrete  against  forms. 


List  of  Structural  Design  and  Estimating  Data 


Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 


168  (p. 

169  (p. 

170  (p. 

171  (p. 

172  (p. 

173  (p. 

174  (P- 

175  (p. 

176  (p. 

177  (p. 

178  (p. 

179  (p. 

180  (p. 

181  (p. 

182  (p. 

183  (P. 

184  (p. 

185  (P. 

186  (p. 

187  (P- 

188  (p. 

189  (p. 

190  (p. 

191  (p. 

192  (p. 

193  (p. 

194  (p. 

195  (p. 

196  (p. 

197  (p. 

198  (p. 

199  (p. 

200  (p. 

201  (p. 

202  (p. 

203  (p. 


1028 
1030 
1031 
1033 
1038 
1039 
1040 
1042 
1043 
1045 
1051 
1051 
1052 
1052 
1053 
1053 
1054 
1060 
1061 
1062 
1064 
1068 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
1080 
1083 
1084 
1086 
1087 


general  flexure  formulas 

moment  of  inertia  formulas 

centers  of  gravity  formulas 

allowable  design  stresses 

weights  of  materials 

live  loads 

impact  allowances 

distribution  live  loads 

earth  pressure  formulas 

distribution  of  base  pressure 

safe  bearing  power  of  soils 

maximum  pile  loading 

sliding  friction  resistance 

wet  concrete  pressure  against  forms 

coefficients  of  expansion 

temperature  stresses 

wire  gages  and  areas 

expanded  metal 

reinforcing  bars 

steel  I-beams,  old  standard    (Cambria)  (1918) 

special  girder  rolled  beams   (Bethlehem)   (1926) 

steel  plates 

corrugated  metal 

strength  concrete  slabs 

strength  concrete  beams 

effect  depth  of  fill  on  culvert  slabs 

strength  timber  beams 

deflection  timber  beams 

timber  long  columns 

cast-iron  water  pipe 

cast-iron  culvert  pipe 

corrugated  metal  pipe 

reinforced-concrete  pipe 

vitrified  pipe 

concrete  arch  axis  (trial) 

concrete  arch  thickness  (trial) 


For  trial  dimensions  for  preliminary  computations  of  retaining 
walls  see  page  682;  for  abutments  and  bridge  details  see  Chap.  IV, 
Part  I. 


BASE  PRESSURE  DIAGRAMS 
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Structural  Plans. — Structural  plans  should  be  completely  detailed 
and  very  thoroughly  dimensioned  so  that  the  contractor  and 
inspector  will  have  no  difficulty  in  constructing  to  the  correct  lines 
and  grades.  All  foundation  plans  should  show  the  base-pressure 
diagram,  so  that  reasonable  decisions  in  regard  to  foundation 
modifications  in  widths  of  footage  and  pile  layouts  can  be  made  by 
the  constructing  engineer  when  unexpected  foundation  conditions 
develop  (see  Fig.  321  illustrating  base-pressure  diagram. 


Abu+men+ 
M  Section 

I 


Heel 'Pressure 
1200/b.persq.  ft. 


2700lb.perscj.fi 


,  2nd.  and  3rd.  Rem 
1  3  fie 'toe.  spacing 
for  15  ton  per  pile  load 

~~Isi.  Row  of  piles  2ft.  Gin. 
spacing  c.  to  c.  along  row 
to  get  I 5  ton  pile  load 


-3100  ib.persq.  ft. 

■Toe  Pressure 
4f>00  Ib.persq.  ft. 


Base  Pressure 
under  Abutment 


NOTE  i  Piles  if  ordered, 
No  piles  will  be  needed 
if  rock,  good  grave^  or  dry 
course,  compact  sand  or 
dry  dag  is  encountered. 


Fig.  321. — Typical  base  pressure  diagram. 

Note. — Piles  if  ordered.     No  piles  will  be  needed  if  rock,  good  gravel, 

or  dry,  coarse,  compact  sand  or  dry  clay  is  encountered. 
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Table    168. — Uniform    Beams.     Maximum    Bending    Moment 
and  Deflections  (Simple  Cases) 


Case  J.     Beam  with  ends  free.     Single  concentrated  load  P  in 
middle  of  span;    weight  of  beam  disregarded. 

The  maximum  moment  occurs  at 
the  center  of  the  span. 

P       4 

The  maximum  deflection  occurs  at 
the  center  of  the  span. 


Concentrated  Load  in  Cen- 
ter of  span 

Where  D 
P 

I 
E 


D  = 


PI3 
48  EI 


=  the  deflection  in  inches 
=  load  in  pounds 
=  span  in  inches 
=  modulus  of  elasticity  in  lbs. 
per  sq-  inch 
I      =  moment  of  inertia  in  inches4 
Mp  =  maximum  moment  in  inch 
pounds. 


Case  2.  Cantilever  beam  con- 
centrated load  P;  weight  of  beam 
disregarded. 

The  maximum  moment  occurs  at 
the  support. 


M 


Cantilever  Beam 


P 


PI 

PI3 
3  EI 


Case  3.     Beam  with  ends  free.     Uniformly  distributed  load. 
The  maximum  moment  occurs  at  the  center  of  the  span. 


Uniform  Load 


Wl 
M  =  ~ 


The  maximum  deflection  occurs  at 
the  center  of  the  span. 

384  EI 

In  these  formulae  IF  equals  the  total 
uniformly  distributed  load. 


FLEXURE  FORMULAE 

Case  4-     Cantilever  beam.     Uniform  load  W. 
Maximum  moment  occurs  at   the 
point  of  support. 

M  =  W1 


The  maximum  deflection  occurs  at 
the  free  end. 
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D 


WP 

8  EI 


Case  5.     Beam  with  fixed  ends,  concentrated  load  P  in  center  of 
span;  weight  of  beam  disregarded. 

The  maximum  bending  moment 
occurs  at  the  points  of  support  and 
at  the  middle  of  the  beam. 


8 


D  = 


PP 


192  EI 


Case  6.     Beam  with  fixed  ends  and  a  uniformly  distributed  load. 
Maximum  bending  moment  occurs  at  the  supports. 

12 


M  = 


Wl 

24 


Maximum  deflection 

WP 


384  £/ 


Resisting  Moment  of  a  beam  is  expressed  by  the  formula 


Jfr- 


PI 


Where  M   =  moment  of    resistance  in  inch 
pounds 
p      =  maximum  allowable  fiber  stres9 

in  lbs.  per  sq.  inch. 
I      =  moment  of  inertia  of  the  beam 

in  inches 4 
e      =  distance  in  inches  from  the  neu- 
tral axis  to  the  outer  fiber 
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Table  169. — Moments  of  Inertia  of  Simple  Sections 


I  =  Moment  of  Inertia 
12 


-b^- 


L 


Square 


12 


T  =  — 
36 


Circles 


/  =  0.7854  £« 


6  I 


*l 


/  = 


bd3  -  b'd'* 


12 


CENTERS  OF  GRAVITY  1 03 1 

ble   170. — Centers  of  Gravity  of  Ordinary  Plane  Figures 


squares,  rectangles,  parallelograms.     Center  of  gravity  is  at 
intersection  of  the  diagonals  or  midway  between  the  bases 
a  line  drawn  between  the  centers  of  those  bases. 


Triangles 


Center  of  gravity  is  at  the  intersection  of  the  medial  lines 
1  and  c  d;  a  medial  line  is  a  line  drawn  from  any  apex  to  the 
ddle  of  the  opposite  side  The  distance  b  (C.  G.)  =  \  ab;  that 
the  center  of  gravity  is  on  the  medial  line  \  of  the  distance  from 
base  to  the  apex. 


9^-=--- 


Trapezoid 


■ ;«■ 


Graphic   Method.      Prolong  b  a  to  g,  making  a  g  =  c  d.      Pro- 
lg  c  d  to  h,  making  d  h  =  a  b.     Connect  g  h.     Bisect  a  b  at  e. 
sect  cd  at/.     Connect  ef:  the  intersection  of  gh  and   ef  is 
center  of  gravity. 

The  distance/  (C.G.)  =  ^  X  *  f  ,+  f 

3  ab  -\-  cd 


Any  Quadrilateral 

Graphic  Method.  Draw 
the  diagonals  a  c  and  b  d 
intersecting  at  e. 

Lay  off  a  f  =  e  c 
Lay  off  b  g  =  e  d 

Bisect  eg  &th;  bisect  ef 
at  i. 

The  intersection  of  /  h  and 
g  i  is  the  center  of  gravity 
of  the  figure. 
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Circles 
Center  of  gravity  at  the  center 


Semicircle 

The  center  of  gravity  lies  on  the  radius 
perpendicular  to  the  diameter.  The  distance 
c  (C.  G.)  =  radius  X  0.4244 


Quadrant 

The  center  of  gravity  lies  on  the  radius  which 
bisects  the  /_  acb.  The  distances  (C.  G.)  =  radius 
X  0.6002 


/CG. 


Sector 

The  center  of  gravity  lies  on  the  radius  bisect- 
ing the  /_acb.  The  distance  c  (C.  G.)  =  f  radius  X 
chord  a  b       radius2  X  chord 
arc  a  d  b  3  X  area 


!£§: 


Segment 

The  center  of  gravity  lies  on  the  perpen- 
dicular erected  at  the  center  of  the  chord  ab. 

The  distance  c  (C.  G.)  = chord/*3 

12  Xarea  of  segment 


WORKING  STRESSES 
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\ble  171^4. — Giving  Moduli  of  Elasticity,  Working  Stress 
and  Ultimate  Strength 


Moduli  of  Elasticity 


Material 


Concrete 

Hemlock 

Iron  (cast) 

Iron  (wrought) . 

Oak 

Pine  (white)  . .  . 
Pine  (yellow)  .  . 
Steel  (medium) 
Spruce 


Lbs.  per  Sq.  In. 


2,000,000 

900,000 

17,500,000 

29,000,000 

1,500,000 

1,600,000 

1,600,000 

30,000,000 

1 ,600,000 


Working  Stresses  in  Lbs.  per  Square  Inch 


Material 

Tension 

Compression 

Shear 

Iron  (cast) 

"    (wrought) .  . 
Oak 

60 

600 

3,000 

10,000 

1,200 

700 

1,200 

12,000 

800 

600 
W.  G.1  600  A.  G.2  150 
,              18,000 
8,000 
W.  G.  1,200  A.  G.  500 
W.  G.     700  A.  G.  200 
W.  G.  1,200  A.  G.  350 

12,000 
W  G.     800  A.  G.  200 

60  to  IOO 
W.  G.  100  A.  G.  600 

5,000 

8,000 
W.  G.  200  A.  G.  1,000 
W.  G.  100  A.  G.     500 
W.  G.  150  A.  G.  1,250 

12,000 
W.  G.  100  A.  G.     750 

Pine  (white) .... 

"      (yellow)  . . . 

Steel  (medium) .  . 

Spuce 

Ultimate  Strength  in  Lbs.  per  Square  Inch 

Material 

Tension 

Compression 

Shear 

"      (wrought) . . 
Oak 

300 

6,000 

18,000 

50,000 

12,000 

7,000 

12,000 

60,000 

8,000 

3,000 
W.  G.  6,000  A.  G.  600 

90.000 

40,000 
W.  G  7,000  A.  G.  2,000 
W  G.  5,500  A.  G.     700 
W.  G.  7,000  A.  G.  1,400 

60,000 
W.  G.  6,000  A.  G.     700 

1300 
W.  G.  350  A.  G.  2,500 
20,000  to  30,000 
35,000  to  55,000 
W.  G.  800  A.  G.  4000 
W.  G  400  A.  G.  2,000 
W.  G.  600  A.  G.  5,000 

50,000  to  70,000 
W.  G.  400  A.  G.  3,200 

Pine  (white) .... 

"     (yellow;  . . . 

Steel  (medium)  . 

1  W.  G.  —  With  Grain. 


2  A.  G.  —  Across  Grain. 
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Table  lyiB 

Unit  Stresses 

Pounds  per  square  inch 

Steel  Structures 
Structural  grade  and  rivet  steel: 

Tension: 

Axial  tension,  structural  members,  net  section 16,000 

Rivets  intension,  where  permitted — so  %  of  single  shear  values 

Bolts,  area  at  root  of  thread 10,000 

Axial  compression: 

Axial  compression,  gross  section 15,000-50  Ly 

But  not  to  exceed 13,500 

L  =  length  of  member,  in  inches 

r    =  least  radius  of  gyration;  in  inches 

Bending  on  extreme  fiber: 

Rolled  shapes,  built  sections  and  girders,  net  section 16,000 

Pins 24,000 

Shear: 

Girder  webs,  gross  section 10,000 

Pins  and  shop-driven  rivets 12,000 

Power-driven  field  rivets  and  turned  bolts 10,000 

Hand-driven  rivets  and  unfinished  bolts 7,500 

Bearing: 

Pins,  steel  parts  in  contract  and  shop-driven  rivets 24,00c 

Power-driven  field  rivets  and  turned  bolts 20,00c 

Hand-driven  rivets  and  unfinished  bolts 15,00c 

Expansion  rollers,  pounds  per  linear  inch,  where  d  =  diameter 

or  roller  in  inches 600a 

Countersunk  rivets: 

In  metal  %"  thick  and  over,  half  the  depth  of  countersink  shall 

be  omitted  in  calculating  bearing  area 
In  metal  less  than  jh?"  thick,  countersunk  rivets  shall  not  be 
assumed  to  carry  stress 

Diagonal  Tension 

In  webs  of  girders  and  rolled  beams,  at  sections  where  maximum 

shear  and  bending  occur  simultaneously 16,00c 

Other  metals: 

Apial  Tension: 

Wrought  iron 12,00c 

Bending  on  extreme  fiber: 

Cast  steel 12 ,00c 

Cast  iron 3, 00c 

Shear: 

Cast  steel 10,00c 

Cast  iron 3.00c 

Bearing: 

Cast  steel 14,00c 

Cast  iron 10,00c 

Bronze  sliding  expansion  bearings 3, 00c 

Bearing  on  bridge  seats: 

Bearing  on  concrete  masonry  limestone  masonry  and  better.  .  .         50c 


Concrete  Structures 
Concrete: 

Direct  compression: 

Columns  reinforced  with  longitudinal  bars  and  separate  lateral 

ties 600-15  L/D 

But  not  to  exceed 45c 

L   =  unsupported  length  of  column 
D  =  least  diameter  of  column 

Piers  and  pedestals. . . . 45C 

Compression  due  to  bending: 

Beams  and  slabs 65c 

Archs  rings,  including  temperature  and  rib  shortening 800 

Tension c 
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Table  lyiB — Continued. 

Shear  (diagonal  tension) : 

Beams  without  shear  reinforcement: 

Longitudinal  bars  not  anchored 40 

Longitudinal  bars  anchored 60 

Beams  with  shear  reinforcement 120 

Punching  shear 120 

Reinforcement: 
Tension: 

Beams  and  slabs 16,000 

Arch  rings,  including  temperature  and  rib  shortening 20,000 

Compression — 15  times  stress  in  surrounding  concrete. 
Bond: 

Bars  not  anchored 80 

Bars  adequately  anchored  by  hooks  or  otherwise 120 

Table  171C. — Allowable  Working  Stresses 

[Ketchum's    "Design    of    Highway    Bridges")     1:2:4   concrete 

(2000-lb.  compression,  28-day  age) 

"The  following  working  stresses  are  for  static  loads  and  are  based  on  a 
concrete  composed  of  i  part  Portland  Cement,  2  parts  sand  or  fine  aggregate, 
ind  4  parts  stone  or  coarse  aggregate,  that  will  develop  an  ultimate  compres- 
sive strength  of  2000  lb.  per  square  inch  at  an  age  of  28  days  in  cylinders  8" 
n  diameter  and  16"  long,  when  made  and  stored  in  moist  air  under  laboratory 
;onditions.  Concretes  of  diffierent  mixtures  shall  have  allowable  stresses 
sroportional  to  their  ultimate  compressive  strengths  determined  under  the 
ibove  conditions. 

"Bearing. — When  compression  is  applied  to  a  surface  of  concrete  having 
it  least  twice  the  loaded  area,  a  stress  of  700  lb.  per  square  inch  may  be 
illowed  on  the  area  actually  under  load. 

"Axial  Compression. — For  concentric  compression  on  a  plain  concrete 
pier,  the  length  of  which  does  not  exceed  four  diameters,  a  stress  of  450  lb. 
per  square  inch  may  be  allowed. 

"Columns. — Reinforced-concrete  columns  may  have  allowable  stresses  as 
follows : 

'a.  Columns  with  longitudinal  reinforcement  of  not  less  than  1  and  not 
more  than  4  %,  and  with  lateral  ties  of  not  less  than  Y\"  in  diameter,  12" 
ipart,  nor  more  than  15  diameters  of  longitudinal  bar  may  have  an  allowable 
tress  in  the  concrete  of  450  lb.  per  square  inch. 

"b.   Columns  with  longitudinal  reinforcement  of  not  less  than  1  and  not 

Tiore  than  4  %,  and  with  circular  hoops  or  spirals  not  less  than  1  %  of  the 

volume  of  the  concrete,  where  the  hoops  are  spaced  not  more  than  one-sixth 

;he  diameter  of  the  enclosed  column  or  more  than  2J-2''.  may  have  an  allow- 

ble  stress  in  the  concrete  of  700  lb.  per  square  inch. 

"Compression  on  Extreme  Fiber. — The  extreme  fiber  stress  of  a  beam, 
calculated  on  the  assumption  of  a  constant  modulus  of  elasticity  of  concrete, 
mall  not  exceed  650  lb.  per  square  inch.  Adjacent  to  the  support  of  con- 
;inuous  beams,  stresses  15  %  higher  may  be  used. 

"Shear  and  Diagonal  Tension. — As  a  measure  of  diagonal  tension  the 
ollowing  allowable  shearing  stresses  may  be  used. 

"a.  For  beams  with  horizontal  bars  only  and  without  web  reinforcement, 
i  shearing  stress  of  40  lb.  per  square  inch  may  be  allowed. 

"6.  For  beams  with  web  reinforcement  of  stirrups  looped  about  longi- 
udinal  reinforcing  bars  in  the  tension  side  of  the  beam  and  spaced  hori- 
:ontally,  not  more  than  one-half  the  depth  of  the  beam  or  for  beams  in  which 
ongitudinal  bars  are  bent  up  at  an  angle  of  not  more  than  45  nor  less  than  200 
vith  the  axis  of  the  beam,  and  the  points  of  bending  are  spaced  horizontally 
lot  more  thanthree-quarters  the  depth  of  the  beam,  a  shearing  stress  of  90 
b.  per  square  inch  may  be  allowed. 

"c.  For  a  combination  of  bent  bars  and  vertical  stirrups  looped  about 
einforcing  bars  on  the  tension  side  of  the  beam  and  spaced  horizontally  not 
nore  than  one-half  the  depth  of  the  beam,  a  shearing  stress  of  100  lb.  per 
•quare  inch  may  be  allowed. 

"d.  For  beams  with  web  reinforcement  (either  vertical  or  inclined) 
ecurely  attached  to  the  longitudinal  bars  on  the  tension  side  of  the  beam  in 
uch  a  way  as  to  prevent  slipping  of  bar  past  the  stirrups,  vertical  stirrups 
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Fig.  171C — Continued 

to  be  spaced  not  more  than  one- half  and  inclined  members  not  more  thai 
three-fourths  the  depth  of  the  beam,  either  with  longitudinal  bars  bent  U] 
or  not,  a  shearing  stress  of  120  lb,  per  square  inch  may  be  allowed. 

"e.  For  punching  or  pure  shear,  120  lb.  per  square  inch  may  be  allowed. 

"In  calculating  the  stresses  in  web  reinforcement  two-thirds  of  the  externa 
vertical  shear  is  to  be  assumed  as  taken  by  the  stirrups  or  bent-up  bars 
The  stresses  in  stirrups  when  combined  with  bent-up  bars  are  to  be  deter 
mined  by  finding  the  total  amount  of  shear  that  may  be  allowed  by  reasoi 
of  the  bent-up  bars,  and  subtracting  this  shear  from  the  total  external  vertica 
shear.  Two-thirds  of  the  remainder  will  be  the  shear  to  be  carried  by  th< 
stirrups. 

"Bond  Stress. — The  bond  stress  between  concrete  and  plain  remforcini 
bars  may  be  assumed  at  80  lb.  per  square  inch;  on  drawn  wire  40  lb.  per  squar. 
inch;  on  deformed  bars  100  lb.  per  square  inch.  Bars  with  ends  hooked  b: 
bending  through  1800  around  a  radius  of  two  diameters  of  bar  may  have  ; 
bond  stress  of  120  lb.  per  square  inch. 

"Stresses  in  Steel  Reinforcement. — The  tensile  or  compressive  stress  ii 
steel  reinforcement  shall  not  exceed  16,000  lb.  per  square  inch.  The  tensil' 
stress  in  stirrups  shall  not  exceed  12,000  lb.  per  square  inch." 


Table  of   Values   of   Modulus   of   Rupture   of   Reinforcei 

Concrete 


Per  cent  of 
reinforcement 

Modulus  of  rupture, 
pounds  per  square  inch 

Design  value  for  factor 

of  safety  of  4,  pounds 

per  square  inch 

0  to  0. 2 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .0 

400  to  600 
1,000 
1,250 
1.350 
1,500 
1,600 
1,675 
1,750 

100 
250 
310 
340 
380 
400 
420 
440 

1:2:4  mix  concrete. 
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Table    172. — Dead  Load   Weights    of   Different  Materia] 
per    Cubic  Foot1 


Material 


Ash  timber 

Brick  (pressed) 

"      (common  building) 

Cement  (Portland) 

"       (Natural 

Concrete  1:2:4  Mixture  (Trap  rock) 

(Gravel) 

(Limestone) 

(Sandstone) 

(Cinder) 

1:3:6  Mixture  (about  5  lbs.  less) 

Earth  (common  loam,  loose  and  dry) 

"      (common  loam,  moist  and  rammed) .  . 

"      (sand  or  gravel  loose  and  dry) 

"      (sand  or  gravel  rammed) 

"      (sand  or  gravel  wet) 

Hemlock  timber 

Hickory       "       

Iron  (cast) 

"  ,  (wrought) 

Maple  timber 

Oak         "        (white) 

"   '        "        (black)^ 

Masonry  (dressed  granite  or  limestone) .... 

'"         (mortar  rubble) 

(dry  "       ) 

Pkie  (white)    

"     (northern  yellow) 

"      (southern  yellow) 

Steel 

Water 


er 


Weight  per  Cu.  Ft. 


lb 

50 


40 
I50 
125 

to  90 
to  56 

155 
J52 

ISO 

145 

no 

70 

100 
IOO 
120 
120 

25 

50 

450 

480 

50 

48 

40 

165 

155 

125 
25 

34 

40 

490 

62; 


lbs. 


1  For  weight  of  road  rocks,  see  Tables  120  and  121  (p.  709). 


Miscellaneous  Weights 

1  bbl.  Portland  cement 376  lbs. 

1  bbl.  natural  cement 235  lbs. 

1  gal.  water 8.345  lbs. 
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Table  173. — Live  Loads,  Highway  Bridges 
Floor  Loads: 

H-20  =  20-ton  gross  truck  load. 
H-15  =  15-ton  gross  truck  load. 
H-12^2  =  12^-ton  gross  truck  load. 
H-10  =  10-ton  gross  truck  load. 
14'  front  to  rear  axle. 
6'  gage  between  rear  wheels. 
0.8  of  gross  load  on  rear  axle. 
0.2  of  gross  load  on  front  axle 
Width  of  rear  tires,  1"  per  ton  of  gross  load. 
Total  area  occupied  by  single  truck  0/  wide  25'  long  (see  also 
Girder  and  Truss  Loads:1 

Fig.  645,  Chap.  IV,  for  electric  cars  and  freight  cars). 

H-20      =  total  load  on  each  traffic  lane  0/  wide,  of  600  lb., 

per  linear  foot  plus  28,000  lb.  concentrated. 
H-15       =  45°  lb-  Per  linear  foot  plus  21,000  lb.  concentrated. 
H-12^  =  375  lb.  per  linear  foot  plus  17,500  lb.  concentrated. 
H-10      =  300  lb.  per  linear  foot  plus  14,000  lb.  concentrated. 

Sidewalk  Loads : 
Class  A  bridges, 


= ( -» + ^m 


not  to  exceed  a  maximum  of  100  lb.  per  square  foot. 
P    =  live  load,  in  pounds  per  square  foot. 
L    =  loaded  length,  in  feet. 
W  =  width  of  sidewalk,  in  feet. 

Class  B  and  C  bridges,  use  80%  of  this  loading. 

1  For  proper  use  of  these  different  classes  of  loading  see  Chap.  IV  (p.  202). 
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Table  174. — Impact  Loads 


Impact: 

The  extra  design  load  allowance  for  impact  of  moving  loads  is 
subject  to  considerable  difference  in  practice  ranging  from  o  to 
60%  of  the  static  weight  of  the  vehicles. 

As  a  general  rule,  the  following  values  represent  conservative 
practice  in  impact  allowance: 
Floor  systems  of  bridges  having  timber  plank  floor 

surface 30-50% 

Floor  systems  of  bridges  and  trestles  having  concrete 

floor  slabs  supported  by  stringers  or  floor  beams.  .  .  .  20-30% 

For  end  floor  beams,  floor  beam  hangers,  or  connections 

60%  of  live  load. 

For  stringers,  floor  beams,  girders,  and  trusses  on  concrete 
floor  bridges  the  impact  allowance  shall  not  exceed  30%  and,  in 
general,  may  be  determined  by  the  formula 

Impact  =  — z — ; 

10L  -\-  500 

L  =  loaded  length  in  feet  producing  the  maximum  static  stress 
in  the  member  considered. 


N.    Y.    State    1926    Standard    Bridges   Approximate 
Equivalent  Uniform  Static  Design  Live  Loads 

(H-20  loading  plus  impact  in  pounds  per  square  foot  of  bridge  floor) 


Span,  feet 

Type  of  bridge  superstructure 

Concrete  slab 

Steel-beam 

Girders  and 

bridges,  pounds 

stringers,  pounds 

trusses,  pounds 

6 

1,200 

8 

850 

10 

650 

650 

IS 

400 

400 

20 

250 

300 

25 

200 

250 

30 

200 

40 

170 

220 

45 

150 

210 

SO 

200 

100 

160 

ISO 

140 

200 

120 

LIVE  LOADS 
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Table  i  75 . — Distribution  of  Live  Loads  on  Slabs,  Floor  Beams, 
and  Stringers  (New  York  Specifications) 

"Through  Earth  Fills.— When  the  depth  of  fill  is  3'  0"  or  more,  concen- 
trated loads  shall  be  considered  as  uniformly  distributed  over  a  square,  the 
sides  of  which  are  equal  to  one  and  three-fourth  times  the  depth  of  fill. 
When  such  areas  from  several  concentrations  overlap,  the  total  load  shall 
be  considered  as  uniformly  distributed  over  the  area  defined  by  the  outside 
limits  of  the  individual  areas,  but  the  total  width  of  distribution  shall  not 
exceed  the  total  width  of  the  supporting  slab.  For  single  spans,  the  effect 
of  live  load  may  be  neglected  when  the  depth  of  fill  is  more  than  4'  and 
exceeds  the  span  length ;_  for  multiple  spans  it  may  be  neglected  when  the 
depth  of  fill  exceeds  the  distance  between  faces  of  end  supports  or  abutments. 

"In  Concrete  Slabs. — In  calculating  bending  stresses  due  to  wheel  loads 
on  concrete  slabs  no  distribution  in  the  direction  of  the  span  of  the  slab 
shall  be  assumed.  In  the  direction  perpendicular  to  the  span  of  the  slab 
the  wheel  load  shall  be  considered  as  distributed  uniformly  over  a  width  of 
slab  which  is  known  as  the  "effective  width." 

"In  the  following  equations 

Let  S  =  span  of  slab,  in  feet. 

W  =  width  of  wheel  or  tire,  in  feet. 

X  =  distance,  in  feet,  from  the  center  of  the  near  support  to  the  center  of 

wheel. 
E  =  effective  width,  in  feet,  for  one  wheel. 
"Case  I.  Main  Reinforcement  Parallel  to  Direction  of  Traffic. 

E  =  0.7  S  +  W. 

"For  this  case  the  value  of  E  shall  not  exceed  5'. 

"When  two  wheels  are  so  located  on  a  transverse  element  of  the  slab  that 
their  effective  widths  overlap,  the  effective  width  for  each  wheel  shall  be 
^£(E  -f-  a),  where  a  is  the  distance  between  centers  of  wheels. 

"Case  II.  Main  Reinforcement  Perpendicular  to  Direction  of  Traffic. 

E  =  0.7  {2%  +  W) 

"For  this  case  the  bending  moment  on  a  strip  of  slab  1/  in  width  shall 
be  determined  by  placing  the  wheel  loads  in  the  position  to  produce  maximum 
bending,  determining  the  effective  width  for  each  wheel,  and  assuming  the 
load  delivered  by  each  wheel  to  the  1'  strip  to  be  the  wheel  load  divided  by  its 
respective  effective  width. 

"This  investigation  assumption  does  not  provide  for  the  effect  of  loads 
near  unsupported  edges. 

In  Longitudinal  Beams  or  Stringers  and  in  Transverse  Floor  Beams 

"Shear. — In  calculating  end  shears  and  end  reactions  in  transverse 
floor  beams  and  longitudinal  beams  or  stringers,  no  lateral  or  longitudinal 
distribution  of  the  wheel  loads  shall  be  assumed. 

"Bending  Moment  in  Longitudinal  Beams  or  Stringers. — In  determining 
bending  moments  in  longitudinal  beams  or  stringers  no  longitudinal  distri- 
bution of  the  wheel  loads  shall  be  assumed.  The  lateral  distribution  may 
be  determined  in  one  of  the  following  ways: 

"a.  Absolute  Method. — For  investigations  in  which  extreme  accuracy  is 
desired  the  lateral  distribution  may  be  very  closely  determined  by  consider- 
ing the  flooring  as  continuous  over  a  series  of  elastic  supports  and  forming 
upon  this  hypothesis  a  series  of  work  equations. 

"b.  Approximate  Method. — For  ordinary  construction  the  lateral  distri- 
bution may  be  determined  by  the  following  approximate  method: 

Let  M  =  one-half  the  bending  moment  produced  by  one  truck. 
5  =  spacing  of  beams,  in  feet. 
Mi  =  bending  moment  in  one  interior  beam  when  floor  system  is  designed 

for  one  truck. 
Mi  =  bending  moment  in  one  interior  beam  when  floor  system  is  designed 
for  two  or  more  trucks. 
MS 

Mi  =  for  plank  floors. 

4 
MS 

Mi  =  ■ for  strip  floors  4"  in  thickness  and  for  wood  blocks  on  a  4" 

45 
plank  subfloor. 
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Table  175. — Continued 
MS 

Mi  =  for  strip  floors  6"  or  more  in  thickness. 

5-5 

MS 
Mi  =  —, —  for  reinforced-concrete  floors. 
6 

Mi  =  1.2M,  for  the  type  of  floor  involved. 

"When  the  stringer  spacing  is  such  that  Mi  or  Ma,  as  the  case  maybe, 
exceeds  M,  the  stringer  loads  shall  be  determined  by  the  reactions  of  the 
truck  wheels,  assuming  the  flooring  between  stringers  to  act  as  simple  beams. 

"  c.  Outside  Stringers. — The  live  load  supported  by  the  outside  stringer 
shall  be  the  reaction  of  the  truck  wheels,  assuming  the  flooring  to  act  as  a 
simple  beam,  but  this  live  load  shall  in  no  case  be  less  than  would  be  required 
for  interior  stringers  under  the  requirements  specified  above. 

' '  d.  Total  Capacity  of  Stringers. — The  combined  load  capacity  of  the 
beams  in  a  panel  shall  not  be  less  than  the  total  live  and  dead  load  in  the 
panel. 

"Bending  Moment  in  Floor  Beams. — In  determining  bending  moments 
in  transverse  floor  beams,  no  transverse  distribution  of  the  wheel  loads 
shall  be  assumed   .    .    . 

"When  longitudinal  stringers  are  omitted  and  the  floor  is  supported 
directly  on  the  floor  beams,  the  longitudinal  distribution  shall  be  determined 
as  follows: 

Let  M  =  total  maximum  bending  moment  due  to  the  superimposed  rear 
axle  loads. 
5  =  longitudinal  spacing  of  floor  beams,  in  feet. 
Mi  =  bending  moment  in  one  floor  beam. 

Mi  =  for  plank  floors. 

4 

MS 
Mi  =  - for  strip  floors  4"  in  thickness  and  for  wood  blocks  on  a  4" 

45 

plank  subfloor. 

MS 
Mi  = for  strip  floors  6"  or  more  in  thickness. 

5-5 

MS 
Mi  =  — z —  for  reinforced-concrete  floors. 
o 

"When  the  floor-beam  spacing  is  such  that  Mi  as  given  by  the  above  equa- 
tions exceeds  M  the  floor-beam  loads  shall  be  determined  by  the  reactions 
of  the  truck  wheels,  assuming  the  flooring  between  floor  beams  to  act  as 
simple  beams." 

Table  176. — Earth  Pressure  Formulae  x 

la.  Rankine's  Formula  for  resultant  Active  Earth  Pressure. — Rankine  has 
developed  the  following  formula2  for  the  case  in  which  (i)  the  total  active 
thrust  P  acts  upon  a  vertical  plane,  (2)  acts  parallel  to  the  surface  of  the 
earth  for  all  cases  in  which  0  5:  o,  (3)  acts  in  a  material  of  indefinite  extent, 
and  (4)  the  earth  carries  no  load  except  its  own  weight  (Fig.  2) : 

P  -  Cj^ 
2 

in  which 

P  =  total  active  thrust  of  earth  against  the  vertical 

plane  as  described  above. 
w  =  weight  per  cubic  foot  of  retained  material. 
h  =  height  of  vertical  section  considered,  as  AC. 

_  „    cos  0  —  vcos2  0  —  cos2  d> 

Ce    =   COS  0 

cos  0  -f-  vcos2  0  —  COS2  <p 

1  Hool  and  Johnson's  Concrete  Engineers  Handbook,  by  permission  of 
authors. 

2  For  development  see  Baker's  "  Masonry  Construction,"  10th  Ed.,  p.  493. 
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Table  176. — Continued 
where 

0  =  angle  of  surcharge. 
4>  =  angle  of  internal  friction. 

Diagram  i  gives  the  values  of  Ce  for  various  values  of  6  and  <f>.     It  should  be 
noted  that  P  is  parallel  to  the  surface  AB,  when  B  is  either  positive,  or  zero; 

D,  -  above  C,  or  in  other  words,  CD  =  (  —  J  • 


and  that  it  acts  at  a  point 


V  3   / 


Values  o-f  Ce  in  P=Ce*h 


v/h2 


.10       .lOfjif    .30        .40       .50        .60        .10        ,80       .90 


cosQ-^co^Q-cos2^ 


cos0-»Vcos29-cos2^ 


.10        .40       .50        .60 
Values  of  Ce'mP=Ce|2 


.40 
fCe 

Diagram  i. 


.80      .90 


When  0  =>  <j>,  then 

P  -  KwA2 

•  COS  0 

When  0  =  0 

P  -  C/^ 

2 

in  which                                                            „       ,  .  . 
Ce'  =  tan*  (45°  -  H*) 

The  following  table  gives  values  of  Ce'  for  varying  values  of  <t>. 

<t> 

C 

0 

Ce' 

4> 

Ce' 

<t> 

CJ 

20° 
25° 

0.490 
0.406 

30° 
35° 

0.3333 
0.2710 

4°: 

45° 

0.2174 
0.1718 

50° 
55° 

0.132s 
0.0994 
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Table  177. — Distribution  of  Base  Pressure 
Note. — Rv  =  total  resultant  vertical  pressure  on  base. 
A  =  area  of  base. 
b  =  width  of  base  (toe  to  heel). 

Distance  of  R  fromToe  in  per  cenf  of  b , 

20  30  40  50  60  70, 


qO 10 

V  1 1  1 1 1 1 1  f  1 


60 


70 


10  20  30  40  50 

Distance  of  R  from  Toe  in  per  tent  of  b 

Base  pressure  distribution. 
(Toe  pressures.) 

In  abutment  design  resultant  pressure  should  be  near  center  of 
base  to  produce  even  settlement  under  vibrating  loads  where  soil  is 
compressible. 

In  retaining-wall  design  on  compressible  soils  resultant  should 
never  be  outside  of  middle  third  even  if  toe  pressure  can  be  safely 
increased. 

On  rock  foundations  resultant  can  fall  outside  of  middle,  third  pro- 
vided toe  pressure  does  not  exceed  safe  crushing  strength  of  materials. 

Heel  pressure  =  — -. toe  pressure. 

Table  177^  gives  useful  data  for  figuring  base  pressure  under 
abutments,  and  the  appended  explanation  (p.  1047)  explains  in  detail 
the  method  of  figuring  base  pressure. 
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Table  177.4. — Useful  Data  for  Computation  of  Base  Pres- 
sure under  Abutments 
Approximate  pressure  per  linear  foot  length  of  abutment  due  to 
weight  of  superstructure  and  live  load  for  different  spans 


Span,  feet 

H-15  loading 

H-20  loading 

Dead 

Live 

Dead 

I/ive 

load, 

load, 

load, 

load, 

pounds1 

pounds2 

pounds1 

pounds2 

Concrete  slabs: 

5 

500 

2,700 

600 

3,6oo 

10 

1,000 

2,700 

1,300 

3,6oo 

IS 

1,800 

2,700 

2,300 

3,600 

20 

2  900 

2,700 

3,600 

3,6oo 

25 

4,000 

2,700 

5,ioo 

3,600 

Steel  I-beam  bridges: 

30 

3,500 

2,700 

4,400 

3.600 

35 

4,200 

2,700 

5,300 

3,6oo 

40 

5,000 

2,700 

6,200 

3.600 

45 

5,700 

2,800 

7,100 

3.700 

Girders  and  trusses: 

50 

3,500 

3,000 

4,400 

4.000 

75 

5,6oo 

3,6oo 

7,000 

5,400 

100 

7,800 

4,300 

9,700 

6,500 

150 

10,400 

5,6oo 

13.000 

8,500 

200 

14,000 

6,400 

17.500 

9,600 

1  Deadload  equals  weight  Yi  superstructure  divided  by  length  of  abut- 
ment.     No  fill  over  slab. 

2  Live  load  assumes  back  wheels  of  trucks  directly  over  abutment  with 
30  %  impact  up  to  45'  span.  Beyond  45'  span  uniform  live  load  given  in 
Table  173  is  used.     One-half  total  live  load  divided  by  length  of  abutment. 

Approximate  horizontal  earth  pressure  against  back  of  abut- 
ment assuming  equivalent  live  load  of  150  lb.  and  that  earth  weighs 
100  lb.  per  cubic  foot. 

P  =  15k2    (modified    Rankine). 

P  =  total  horizontal  earth  pressure  per  foot  length  of  abutment 
applied  \^  h  above  bottom  of  foundation  concrete. 

h  =  vertical  distance  in  feet  from  bottom  of  foundation  to  a  level 
1 3^'  above  the  roadway  surface  of  the  bridge  floor. 


h,  in  feet 

P,  in  pounds 

h,  in  feet 

P,  in  pounds 

5 

375 

16 

3,840 

6 

540 

17 

4.335 

7 

735 

18 

4,860 

8 

960 

19 

5,415 

9 

1,215 

20 

6,000 

10 

1,500 

21 

6,615 

11 

1,815 

22 

7,260 

12 

2,160 

23 

7,935 

13 

2,460 

24 

8,640 

14 

2,840 

25 

9,375 

15 

3,375 

26 

10,140 

27 

10,935 

28 

11,760 

29 

12,615 

30 

13.500 
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Base-pressure  Computations. — Retaining  walls  and  wings 
consider  horizontal  earth  pressure.  Abutment  design  for  slab 
bridges  less  than  20'  spans  where  the  slab  is  doweled  or  keyed 
into  the  abutment  generally  consider  vertical  loads  only  on  the 
assumption  that  the  slab  acts  as  a  brace  and  neutralizes  horizontal 
earth  pressure  (see  Figs.  6gA  and  6gB,  Chap.  IV),  but  for  all  spans 
where  the  superstructure  is  designed  with  expansion  and  contrac- 
tion bearings  the  horizontal  earth  pressure  is  considered.  The 
following  example  illustrates  the  design  of  abutments  where 
horizontal  as  well  as  vertical  pressures  are  considered. 

Example  of  Base-pressure  Computations  for  Bridge  Abutments. 

45'  clear  span  I-beam  superstructure. 

H-20  loading.     Depth  floor  system  3'  00". 


2nd.  Row  Piles  » 
Spaced 3 'c. foe.  * 


■)p  of  Abutment 
Y  (Bridge  Seat) 

Face  Batter  12  on  I 


G 1/    ^Stream  Bed 


$?0.44k  Pr   \ H~7  ~F'nc<l  T°e  Extension 

'  C.G.— >J  K-i.^-L  4-0    Design  (Pile  Foundation) 


U- Weft  I- 


Heel  Pressure  —-> 

J900lb.persq.ftx 
(iW'Basl) 

Intensify  Ha  If -Way 
between  Piles 


\  H-J'  -H  V-    Spaced 

■.foe. 


0.46h\> 


Area  Abutment 
Concrete  SSsq.  ft.  ,    ,, 
Ordinary  Ear  fh(706  Base) 

Area  Cone.  Pile  Foundation 
S3 ■sq.ft.  (TO 'Base) 


'•3800 lb. per sq.ft.    0 
Toe^  Pressure  (7'06  Base) 


Base  Pressure  Diaqram(7  06"Base) 
Z000lb.pers<,.ft.       \JrTjn\ 


Spaced  £110 
for  IS-ton  Load 


'les 
spaced  2'08'Yor 
15-ton  Load 


Trial  Pile 

Spacing  Diagram 

(7W'Base) 

Trial  design  bridge  2,  Road  191, 


New  York  State. 
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Section  of  abutment  as  shown. 

The  steps  to  be  gone  through  are  as  follows: 

1.  Trial  abutment  section. 

2.  Determine  the  amount  and  location  of  the  vertical  forces 
acting  on  the  abutment. 

3.  Determine  the  amount  and  location  of  horizontal  forces 
acting  on  the  abutment. 

4.  Determine  the  amount  and  location  of  the  resultant  pressure 
on  the  base. 

5.  Determine  the  toe  and  heel  intensity  of  pressure  on  the  base. 

6.  Pile  spacing  if  piles  are  required. 

7.  Test  for  horizontal  slip. 

8.  Final  abutment  section. 

1.  Trial  Abutment  Section. — Trial  dimensions  can  be  closelj 
approximated  from  standard  designs  (see  Chap.  IV).  The  usua. 
rules  for  trial  dimensions  call  for  a  minimum  width  of  abutment 
at  the  top  of  footing  course  (level  with  stream  bed)  of  from  0.4  tc 
0.45&,  where  h  equals  the  vertical  height  from  the  top  of  the  footei 
course  to  the  road  surface,  plus  1.5'  equivalent  surcharge.  The 
total  width  of  the  bottom  of  the  footer  course  is  generally  aboul 
0.5^'  for  ordinary  soils,  0.45//  for  pile  foundations,  or  gravel  anc 
about  0.4/*'  for  hardpan  or  rock  where  h'  equals  the  vertical  heighl 
bottom  of  footer  to  road  grade  plus  1.5'  surcharge. 

It  is  desirable  to  keep  the  resultant  of  all  forces  near  the  centei 
of  the  base  of  the  footer  on  compressible  soils,  so  that  if  settlemenl 
does  occur  the  abutment  will  not  tip  forward  and  under  no  circum 
stances  should  the  resultant  fall  outside  of  the  middle  third  of  the 
footer  base  where  the  foundation  is  ordinary  soil  or  piles.  Tc 
keep  the  resultant  well  inside  the  middle  third  a  face  batter  o 
from  1  to  3"  per  foot  of  height  is  used  with  a  toe  footer  extension 
Where  rock  or  hardpan  foundation  soil  is  encountered  (non 
compressible)  it  is  permissible  to  permit  the  resultant  to  fall  at  th( 
limit  of  the  middle  third  of  the  footer  base  or  slightly  outside  th( 
middle  third  so  long  as  the  toe  pressure  does  not  exceed  the  safe 
bearing  value  of  the  rock  or  concrete.  These  conditions  result  in  1 
smaller  toe  extension  or  in  a  vertical  face.  Bridge  seat  widths 
and  thickness  of  back  walls  depend  on  type  of  bridge  and  deptl 
of  floor  system  (see  Chap.  IV). 

2.  Vertical  Forces. — The  amount  and  location  of  the  vertica 
forces  per  linear  foot  of  abutment  are  next  determined.  These 
vertical  forces  consist  of  the  live  and  dead  superstructure  load: 
V\  and  V-2  located  at  the  middle  of  the  bridge  seat.  From  Table 
177^,  Vi  =  3700  lb.,  V2  =  7100  lb.  located  4.0'  from  the  line  J  A 

The  other  vertical  loads  are  merely  the  weight  of  concrete  anc 
earth  directly  over  the  base  allowing  for  the  equivalent  live  loac 
surcharge  and  are  located  at  the  centers  of  gravity  of  the  areas 
These  forces  are  determined  by  getting  the  areas  of  the  earth  loac 
and  multiplying  by  100  lb.  per  cubic  foot  and  the  areas  of  concrete 
and  multiplying  by  150  lb.  per  cubic  foot.  The  location  of  the 
center  of  gravities  of  the  various  areas  are  determined  as  given  ir 
Table  170  (p.  1031). 
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In  this  way  the  following  earth  and  concrete  forces  were  deter- 
mined 

y3  =  4500  lb.  located  3-75'  from  line  J  A  (area  ABGHA). 
Vi  =  3700  lb.  located  3-5'    from  line  J  A  (area  CDhbL). 
Vi  =  1350  lb.  located  1.5'    from  line  J  A  (area  IJKDI). 
Ve  =  1225  lb.  located  1.1'    from  line  J  A  (area  BIDLB). 

3  Horizontal  Force.— Horizontal  earth  pressure  by  Rankine's 
formulas  can  be  approximated  from  Table  177 A,  which  for  h 
15'  06"  =  approximately  3600  lb.  per  linear  foot  of  abutment 
located  }ih'  =  5.1'  above  the  line  AH. 

4  Location  and  Amount  of  Vertical  Resultant.— -The  total  amount 
of  the  vertical  resultant  is  merely  the  sum  of  the  vertical  forces 
Vi  to  F6  inclusive,  and  equals  21,600  lb.  RVi  extreme  maximum 
or  17,900  lb.  RV2  exclusive  of  superstructure  live  load. 

The  location  of  the  resultant  is  determined  by  taking  moments 
about  the  point  A  as  follows: 

Foot-pounds 

Vi  3.700  X  4-0'  =  14.800 

Vi  7,100  X  4-0  =  28,400 

Vz  4.500  X  3-75  =  16,875 

Vi  3.700  X  3-5  =  12,950 

Vi  i,350  X  1.5  =  2,025 

Vs  1,22s  X  1.1  =  1.350 

HI  3.600  X  5-1  =  18,360 

Max.  total  =  94.76o 

Total  exclusive  of  live  load  Vi  =  79.960 

The  locations  of  RVi  and  RV2  are,  therefore, 

Distance  RVi  from  A  along  line  AH  =  2I'6oQ  =  4-4'. 

Distance  RV2  from  A  along  line  AH  =      '        =  4-S'« 

17,900 

That  is,  for  this  abutment  both  conditions  of  loading  give 
practically  the  same  location  of  resultant,  and  it  is  only  necessary 
to  investigate  toe  pressure  for  the  maximum  load  condition  RV\. 

5.  Intensity  of  Pressure  on  Toe  and  Heel  of  Abutment  Foundation. 
The  average  pressure  on  the  base  per  square  foot  equals  the  total 
vertical  pressure  RVX  (21,600  lb.),  divided  by  the  area  of  the  base 

7.5'  width  X  1'  length  =  2I>  °°  =  2880  lb.  per  square  foot  =  -^-1- 

Twice  the  average  pressure       .      =  576°  lb-  Per  square  foot. 

The  distance  of  the  resultant  RVi  from  the  toe  equals  7.5'  —  4.4' 
=  3.1'  and  3.1'  is  41%  of  the  total  base  width  AH{7.$'). 

From  Table  177  the  intensity  of  the  toe  pressure  where  the 
resultant  is  41%   of  the  base  width  from  the   toe  is    70%    of 

^~^  (5760  lb.).     Toe  pressure  therefore  equals  70%  of  5760  lb. 

A 

—  3820  lb.  per  square  foot. 
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Heel  pressure  equals  30%  of  5760  lb.  =  1940  lb. 

With  these  two  values  the  base-pressure  diagram  is  constructed  as 
shown  in  the  figure  (p.  1047). 

An  examination  of  Table  178  shows  that  the  trial  design  is  safe 
for  all  ordinary  soils.  If  coarse  gravel,  stiff  dry  clay,  hardpan,  or 
rock  is  encountered  the  toe  extension  can  be  safely  reduced  6  to  12" 
till  the  toe  pressure  rises  to  a  reasonable  value  for  the  stifler  soils. 
If  unstable  foundation  is  encountered,  piles  will  be  required. 

6.  Pile  Layout. — Common  pile  spacing  along  single  rows  varies 
from  2'  06"  to  3'  06"  with  3'  common  practice.  Distance  between 
rows  of  piles  varies  from  2'  06"  to  4'  with  3'  common  practice  with- 
out special  reinforcing  in  the  concrete.  Table  1 79  shows  the  maxi- 
mum desirable  pile  load  for  a  structure  of  the  character  at  about  1 5 
tons. 

The  width  of  base  in  this  abutment  limits  us  to  two  rows  of  piles. 
It  is  desirable  to  have  the  piles  in  each  row  carry  about  the  same  load 
per  pile  to  equalize  settlement.  This  is  accomplished  by  a  study  of 
the  base-pressure  diagram  with  different  location  and  spacing  of 
piles.  The  front  row  of  piles  is  never  less  than  18"  center  of  pile  to 
toe.  Here  21"  will  be  assumed  with  3' 03"  between  the  first  and 
second  rows  of  piles.  The  first  row  of  piles  then  carries  the  load 
area  of  the  base  diagram  (p.  1047)  TUVW,  which  equals, 

3000  -f-  3800 

X  3.3    =  11,200  lb.  per  foot  length  of  abutment. 

=  5.6  tons  per  foot  length  of  abutment. 

Assuming  the  piles  carry  all  the  load  and  that  a  load  of  15  tons  per 
pile  is  reasonable,  this  would  require  a  pile  every  2'  08"  [  —  =  2.7'  ). 
The  second  row  of  piles  carries  the  load  area 

STWX  =  Ig°°  +2  3°°°  X  4-2'  =  10,690  lb.  per  foot  length 

=  5.3  tons  per  foot  length, 

which  would  require  a  pile  every  2'  10". 

Considering  that  all  earth-pressure  formulas  are  indefinite  and 
that  the  underlying  soil  carries  some  of  the  load,  it  would  be  entirely 
safe  to  reduce  the  toe  extension  to  18",  place  the  first  nw  of  piles 
18"  from  the  toe  spaced  2'  06"  C.  to  C.  Place  the  second  row  3'  back 
of  the  first  row  and  space  the  piles  in  the  second  row  3'  o"  C.  to  C, 
which  reduces  the  cost  about  $100  to  $200. 

Resistance  to  Horizontal  Slip. — See  Table  180  (p.  1052),  using  a 
factor  of  safety  of  at  least  2  and  perferably  3. 

Modification  of  Trial  Abutment  Section. — Modifications  are 
usually  limited  to  change  in  toe  extension  length  to  produce  reason- 
ably high  toe  pressure  for  non-compressible  hardpan  and  rock. 

^Depths  of  Foundations. — The  following  tabulation  indicates 
minimum  depth  of  foundations  for  small  bridges. 


FOUNDATION  LOADS 
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Minimum    Depth   of   Bottom   Concrete   Foundations  below 
Stream  Bed.      (Small  Span  Bridges) 


Abutments 

Piers 

4-o'  + 

30'  + 

2.0'  + 

0.  5  below  surface 

of  solid  rock 

6.0' 
4.0' 
30' 

1.0' 

Hard  pan 

Shale  rock 

Solid  rock 

Table  178. — Safe  Load  on  Foundation  Soils  in  Tons  (2000  lb. 
per  Square  Foot  of  Bearing  Area) 
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Baker's        "Founda- 

tions " 

H 

Si 

2 

4 
4 

I 

4 

R 

5 
5-10 

25 

Hool  and  Johnston.  . 

2-4 

1-2 

4-8  8-10 
3-4  ...  • 

15-30 

Ketchum 

3 

4 

4-5 

2 

8 

20 

State  of  Iowa 

3 

^ 

T     C 

3 

3-S 

5 
5-8 

7 

25 

State  of  Washington . 

o-W 

3 

3~3>£  4-7  lK-2 

0-2 

8-15 

25 

New   York    Building 

Code 

3 

4 

4 

2 

I 

4 

Division  4,  New  York 

State  Highway 

Y2 

2 

3 

4-5 

2 

I 

3-4 

6-7 

8 

20 

1  Confined. 

Table  179. — Design  Load  on  Piles  (Tons  per  Pile) 


Type  of  structure 

Type  of 
pile 

Ordinary 
load 

Extreme 

maximum 

load 

Slab  girder  or  trusses 

Timber 

Concrete 

Timber 

Concrete 

Timber1 

Concrete1 

12-15 

25 

15 

25 
10-12 

20 

20 
30 
20 
30 
15 
25 

Slab  girder  or  trusses 

Trestles  and  viaducts 

Trestles  and  viaducts          

Arches  or  continuous  girder^ 

Arches  or  continuous  girders 

1  Piles  for  these  structures  to  be  driven  to  practical  refusal  (seep.  1339, 
Part  2),  25-  to  30-ton  resistance. 

Note. — For  minimum  dimensions  of  piles  see  Specifications  (p.  1501). 
Pile  spacing  generally  3  to  3^2'  C.  to  C.  Maximum  4'  without  special 
reinforcing  design.  Spacing  closer  than  2>2'/  worthless.  Increase  size  of 
footer  to  get  minimum  spacing  of  2^2'. 
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Table  180. — Sliding  Friction  Resistance 

Resistance  to  sliding  varies  for  different  materials  and  depends 
on  the  pressure  between  the  two  surfaces.  The  following  data 
gives  common  values  for  the  coefficients  of  friction.  To  get  the 
resistance  to  sliding,  multiply  the  proper  coefficient  by  the  pressure 
normal  to  the  plane  of  contact.  A  factor  of  safety  of  2  to  3  is 
usually  stipulated  for  retaining-wall  and  abutment  design. 


Coefficients 

of  Friction1 

Materials 

Coefficients 

Materials 

Coefficients 

Dry  masonry  on  dry 

Masonry  on  masonry 

with  wet  mortar . .  . 

Timber  on  stone .... 

Timber  on  timber. .  . 

0.6    to  0.7 

o.7S 

0.4 

0.3    to  0.7 

0.2    to  0.5 

Masonry  on  dry  clay . 
Masonry     on     moist 

clay 

Earth  on  earth 

Hard   brick   on   hard 

brick 

Concrete     blocks    on 

0 . s    to  0 . 6 

o.33 

0.25  to  1 .0 

0.7 
0.65 

1  Ketchum's  Highway  Bridges. 


Coefficients  and  Angles  of  Friction  between  Earth  and 
Other  Materials1 


Materials 


tan  4> 


Masonry  upon  masonry 

Masonry  upon  wood,  with  grain . 
Masonry  upon  wood,  across  grain 

Masonry  on  dry  clay 

Masonry  on  wet  clay 

Masonry  on  sand 

Masonry  on  gravel 


0 

.65 

0 

.60 

0 

50 

0 

.50 

0 

33 

0 

40 

0 

60 

33° 
3i° 

260  40' 
260  40' 

I8°20' 
210  50' 
31° 


Hool  &  Johnson,  Concrete  Eng.  Handbook. 


Table  181. — Pressure  Wet  Concrete  against  Forms 

Vertical  load,    150  lb.  per  cubic  foot  concrete  plus  50  lb.  live 
load  per  square  foot. 

Horizontal  fluid  pressure: 
85  lb.  per  cubic  foot  for  mass  concrete. 

130  lb.  per  cubic  foot  for  thin  walls  and  slab  and  girder  con- 
struction. 
Note. — For  typical  standard  forms  see  chapter  on  Construction 
and  Inspection  (pp.  1346  to  1353). 
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Table    182. — Coefficients   of   Expansion   and    Contraction 
of  Mortar  and  Concrete 

Coefficients  for  steel,  0.0000065 


Mortars 

Concretes 

Mixture 

Coefficient  of  expan- 
sion per  degree 
Fahrenheit 

Mixture 

Coefficient  of  expan- 
sion per  degree 
Fahrenheit 

Neat 
1: 1 
1:2 
1:3 
1:4 
1:5 

0.000,007,83 
0.000,007.43 
0.000,006,00 
0.000,006,05 
0.000,005,94 
0.000,005.77 

1:2     : 4 
i:2ji:5 
1:3     =6 

0.000,006,77 
0.000,006,60 
0.000,005,58 
0.000,005,37 

Table  183. — Temperature  Stresses 

Stresses  are  generally  figured  for  400  above  and  below  mean 
temperature. 

For  slabs,  beams,  etc.,  with  confined  ends  and  no  movement  of 
ends  the  stress  per  degree  change  in  temperature  can  be  computed 
by  multiplying  the  modulus  of  elasticity,  Table  171  A,  by  the  coeffi- 
cient of  expansion  and  contraction,  Table  182,  of  the  material  in 
question. 


Approximate  Temperature  Stress  in  Concrete  Beams  and 
Slabs  (Confined  Ends) 

Change  in  Tempera-  Approximate  Stress  per  Square 

ture,  Degrees  Inch,  Pounds 


o 
10 
20 
30 
40 

50 


o 
120 
240 
360 
480 
600 
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Table  184. — Wire  and  Wire  Gages 

Sizes  and  Weights  of  Steel  Wire 
American  Steel  and  Wire  Co.'s  Gage 


Numoer 
of  gage 


Diameters 


Frac- 
tions 
of  inch 


Deci- 
mals 
of  inch 


Milli- 
meters 


Sectional 

area, 

square 

inch 


Weight 


Pounds 
per 
foot 


Pounds 
per 
mile 


0000000 
000000 


00000 
0000 


000 
00 


22 
24 


K 

0.5000 

12.70 

0 

0 . 4900 

12.45 

0 

l%2 

0.46875 

11 .91 

0 

0.4615 

11.72 

0 

he 

0.4375 

11 .  11 

0 

0.4305 

10.93 

0 

l,H2 

0.40625 

10.32 

0 

0.3938 

10.00 

0 

tk 

0.3750 

9-525 

0 

0.3625 

9-2075 

0 

lh2 

0.34375 

8.731 

0 

0.3310 

8.407 

0 

bAe 

0.3125 

7.938 

0 

0.3065 

7.785 

0 

0.2830 

7.188 

0 

%2 

0.28125 

7.144 

0 

0.2625 

6.668 

0 

k 

0. 2500 

6.350 

0 

0.2437 

6. 190 

0 

0.2253 

5-723 

0 

Ht2 

0.21875 

5-556 

0 

0.2070 

5.258 

0 

0. 1920 

4-877 

0 

he 

0.1875 

4-763 

0 

0. 1770 

4.496 

0 

0. 1620 

4-H5 

0 

%2 

0.15625 

3-969 

0 

0. 1483 

3.767 

0 

0.1350 

3-429 

0 

y* 

0.125 

3-175 

0 

0. 1205 

3.061 

0 

0.1055 

2.68 

0 

%2 

0.09375 

2.381 

0 

0.0915 

2.324 

0 

0.0800 

2.032 

0 

0.0720 

1.829 

0 

Me 

0.0625 

1.588 

0 

0.0540 

1-372 

0 

0.0475 

1 .207 

0 

0.0410 

1. 041 

0 

0.0348 

O.8839 

0 

0.0317 

0. 8052 

0 

Vzi 

0.03125 

0.7938 

0 

0.0286 

0. 7264 

0 

0.0258 

0.6553 

0 

0.0230 

0.5842 

0 

19635 

.18857 
.17257 
.16728 
■15033 
.14556 

. 12962 
. 12180 
.11045 
. 10321 
.092806 
.086049 
.076699 
.073782 

.062902 
.062126 

.054119 
.049087 
.046545 
.039867 
.037583 
.033654 
.028953 
.027612 
.024606 
.020612 
.019175 
.017273 
.014314 

.012272 

.011404 

.0087417 

.0069029 

.0065755 

.0050266 

.0040715 

.0030680 

.0022902 

.0017721 

.0013203 

.00095115 

.00078924 

.00076699 

.00064242 

.00052279 

.00041548 


6668 
6404 
5861 
5681 
5105 
4943 
4402 
4136 
3751 
3505 
3152 
2922 
2605 
2506 
2136 
2110 
1838 
1667 
1584 
1354 
1276 

1 143 
O9832 

09377 
08356 

'07000 
06512 
05866 
04861 
04168 
03873 

02969 

02344 

02233 

01707 

01383 

01042 

007778 

006018 

004484 

003230 

002680 

002605 

002182 

001775 

001411 


3521 
3381 
3094 
2999 

2696 
2610 

2324 

2184 
1980 

1851 

1664 

1543 
1375 
1323 
1128 
1114 

970. 

880. 

836. 

714. 

673. 

603. 

519. 

495. 

441. 

369. 

343 

309 

256 

220 

204 

156 

123 

117 

90 

73 

55 

4i 

3i 

23 

17 

14 

13 

11 

9 

7 


4 
2 

4 
8 
9 
4 

2 
I 
2 

6 

8 

7 

7 

0 

5 

7 

S 

9 

13 

01 

01 

07 

77 

67 

0  5 

15 

75 

52 

374 

45 


For  iron  wire  multiply  columns  6  and  7  by  0.98. 
For  copper  wire  multiply  columns  6  and  7  by  1. 12. 
For  other  wire  gages  see  next  page. 
Note. — Tables  184  and  185  from  American  Civil  Engineers'  Pocketbook. 
John  Wiley  &  Sons  Co. 
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Table 

1847! . — Comparison 

of  Standard 

Gages 

Number 
of 

Thickness  in  decimals  of  an  inch 

Bir- 

Browne 

United 
States 

British 

Ameri- 

Tren- 

Stubs 

gage 

ming- 

& 

Standard 

Impe- 

can 

Steel  & 

Wire 

ton 
Iron 
Co. 

steel 

ham 

Sharpe 

Plate  Iron 
and  Steel 

rial 

wire 

ooooooo 

0.  500 

0.500 
0.464 

0 . 4900 
0.4615 

oooooo 

0.58 

0.46875 

ooooo 

0.500 

0.5165 

0.4375 

0.432 

0.4305 

0.4S 

oooo 

0.454 

0.46 

0.40625 

0.400 

0.3938 

0.40 

ooo 

0.425 

0 . 40964 

0.375 

0.372 

0.3625 

035 

00 

0.380 

0.3648 

0-34375 

0.348 

0.3310 

0-33 

0 

0.340 

0.32486 

0.3125 

0.324 

0.3065 

0.305 

I 

0.300 

0.2893 

0.28125 

0.300 

0. 2830 

0.285 

0.  227 

2 

0.  284 

0.25763 

0.265625 

0.  276 

0. 2625 

0.265 

0.  219 

3 

0.259 

0. 22942 

O.25 

0.252 

0.2437 

0.245 

0.  212 

4 

0.238 

0.20431 

0.234375 

0.232 

0.2253 

0.225 

0.207 

s 

0.  220 

0. 18194 

0.21875 

0.212 

0. 2070 

0.205 

0.204 

6 

0.  203 

0. 16202 

0.203125 

0. 192 

0. 1920 

0. 190 

0.201 

7 

0. 180 

0. 14428 

0.1875 

0. 176 

0. 1770 

O.I75 

0.199 

8 

0. 165 

0. 12849 

0.171875 

0. 160 

0. 1620 

0. 160 

0.197 

9 

0. 148 

0.1 1443 

0.15625 

0.144 

0.1483 

0.145 

0.194 

10 

0.134 

0. 10189 

0. 140625 

0. 128 

0.1350 

0. 130 

0. 191 

ii 

0. 120 

0.090742 

0.125 

0. 116 

0. 1205 

0.1175 

0. 188 

12 

0. 109 

0.080808 

0.109375 

0. 104 

0.1055 

0. 1050 

0.185 

13 

0.095 

0.071961 

0.09375 

0.092 

0.0915 

0.0925 

0. 182 

14 

0.083 

0.064084 

0.078125 

0.080 

0.0800 

0.0800 

0. 180 

IS 

0.072 

0.057068 

0.0703125 

0.072 

0.0720 

0.0700 

0.178 

16 

0.065 

0.05082 

0.0625 

0.064 

0.0625 

0.0610 

0. 175 

17 

0.058 

0.045257 

0.05625 

0.056 

0.0540 

0.0525 

0. 172 

18 

0.049 

0.040303 

o.os 

0.048 

0.0475 

0.0450 

0.168 

19 

0.042 

0.03589 

0.04375 

0.040 

0.0410 

0.0400 

0. 164 

20 

0.035 

0.031961 

0.0375 

0.036 

0.0348 

0.0350 

0.161 

21 

0.032 

0.028462  0.034375 

0.032 

0.0317s 

0.0310 

0.157 

22 

0.028 

0.025347 

0.03125 

0.028 

0.0286 

0.0280 

0.I5S 

23 

0.025 

0.022571 

0.028125 

0.024 

0.0258 

0.0250 

0.153 

24 

0.022 

0.0201 

0.025 

0.022 

0.0230 

0.0225 

0.151 

25 

0.020 

0.0179 

0.021875 

0.020 

0.0204 

0.0200 

0. 148 

26 

0.018 

0.01594 

0.01875 

0.018 

0.0181 

0.0180 

0. 146 

27 

0.016 

0.014195 

0.0171875 

0.0164 

0.0173 

0.0170 

0.143 

28 

0.014 

0.012641 

0.015625 

0.0148 

0.0162 

0.0160 

0.139 

29 

0.013 

0.011257 

0.0140625 

0.0136 

0.0150 

0.0150 

0.134 

30 

0.012 

0.010025 

0.0125 

0.0124 

0.0140 

0.0140 

0. 127 

31 

0.010 

0.008928 

0.oi'09375 

0.0116 

0.0132 

0.0130 

0. 120 

32 

0.009 

0.00795 

O.01015625 

0.0108 

0.0128 

0.0120 

0.115 

33 

0.008 

0.00708 

0.009375 

0.0100 

0.0118 

O.OIIO 

0. 112 

34 

0.007 

0.006304  o.oo859375 

0.0092 

0.0104 

0.0100 

0.  no 

35 

0.005 

0.005614  0.0078125 

0.0084 

0.0095 

0.0095 

0. 108 

36 

0.004 

0.005         0.00703125 

0.0076 

0.0090 

0.0090 

0. 106 

37 

0 .  00445310 .  006640625 

0.0068 

0.0085 

0.0085 

0. 103 

38 

0.003965 

0.00625 

0 . 0060 

0.0080 

0.0080 

0. 101 

39 

0.003531 

0.0052 
0.0048 

0.0075 
0.0070 

0.007s 
0.0070 

0.099 
0.097 

40 

0.003144 

In  the  U.  S.  Standard,  the  numbers  correspond  to  the  weight  in  ounces  per 
square  leet  and  an  equal  number  of  640ths  of  an  inch  in  thickness. 
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Table  184D. — Approximate  Weights  per  100  Sq.  Ft. 

Longitudinal  wires 

Center  to  center  spacing  of  longitudinal  wires,  in  inches 

Gage 
of 

1 

wires 

2" 

3" 

4" 

5" 

6" 

10" 

12" 

6-0 

352.22 

238 .60 

181.79 

147.71 

124.98 

79-53 

68.17 

S-o 

306.47 

207 .61 

158.18 

128.52 

108.75 

69.20 

59.32 

4-0 

256.43 

173.71 

132.35 

107.54 

90.99 

57.90 

49.63 

3-0 

217.31 

147.21 

112 .  16 

91.13 

77.li 

49.07 

42  .06 

2-0 

181 .16 

122 .72 

93.50 

75.97 

64.28 

40.91 

3506 

0 

155.37 

105.25 

80.19 

65.16 

55-13 

35.08 

30.07 

1 

132.43 

89.71 

68.35 

55.54 

46.99 

29.90 

25.63 

2 

113.96 

77 .20 

58.82 

47.79 

40.44 

25.73 

22  .06 

3 

98  .21 

66.53 

50.69 

41.18 

34.85 

22  .  18 

19.01 

4 

83.95 

56.87 

43-33 

35-20 

29.79 

18.96 

16.25 

S 

70.87 

48.01 

36.58 

29.72 

25.15 

16.00 

13.72 

6 

60.96 

41.29 

31.46 

25.56 

21  .63 

13.76 

11.80 

7 

51.81 

35.10 

26.74 

21.73 

18.38 

11 .70 

10.03 

8 

43.40 

29.40 

22  .40 

18.20 

15.40 

9.80 

8.40 

9 

36.37 

24.64 

18.77 

15.25 

12  .91 

8.21 

7.04 

10 

30.14 

20.42 

15.56 

12  .64 

10.69 

6.81 

5.83 

11 

24.01 

16.27 

12.39 

10.07 

8.52 

5.42 

4.65 

12 

18.41 

12.47 

9.50 

7-72 

6.53 

4 .  16 

356 

13 

13.84 

9.38 

7.15 

5.8i 

4.91 

3.13 

2.68 

14 

10.58 

7.17 

5.46 

4.44 

376 

2.39 

2.05 

Transverse  wires 


Gage 
of 

Center  to  center 

spacing  of  transverse 

wires,  in  inches 

wires 

2" 

4" 

6" 

8" 

12" 

16" 

0 

155.37 

77.69 

51.79 

38.84 

25.89 

19.42 

1 

132.43 

66.22 

44.14 

33-11 

22  .07 

16. 55 

2 

113.96 

56.98 

37.98 

28  .49 

18.99 

14.24 

3 

98  .21 

49.io 

32.74 

24.55 

16.37 

12  .28 

4 

83.95 

41  -97 

27.98 

20  .99 

13.99 

10.49 

5 

70.87 

3543 

2361 

17.72 

11  .81 

8.86 

6 

69.96 

30.48 

20.32 

15.24 

10 .  16 

7.62 

7 

51.81 

25.90 

17.27 

12.95 

8.63 

6.48 

8 

43.40 

21 .70 

14.47 

10.85 

7.23 

543 

9 

36.37 

18.18 

12 .  12 

909 

6.06 

4-55 

10 

30.14 

15.07 

10.05 

7-53 

5.02 

3-77 

11 

24.01 

12  .01 

8.00 

6.00 

4.00 

3  00 

12 

18.41 

9.20 

6.13 

4.60 

3-07 

2.30 

13 

13.84 

6.92 

4.61 

3.46 

2.31 

1-73 

14 

10.58 

5-29 

353 

2.65 

1 .76 

1.32 

Above  weights  to  be  used  in  computing  the  weights  per  ioo  sq.  ft.  of 
National  steel  fabric. 

Example. — Weight  per  ioo  sq.  ft.  of  6  by  12"  fabric  with  longitudinal 
wires  No.  o,  transverse  wires  No.  6.  Add  to  weight  of  longitudinal  wire 
No.  o  spaced  6"  (55.13  lb.),  the  weight  of  transverse  wire  No.  6  spaced  12" 
(10.16  lb.),  making  total  of  65.29  lb.  per  100  sq.  ft. 
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Table  186 

— Table  < 

df  Round 

and  Square  Bar  Weights1 

Round  Bars 

Plain  Square  Bars  and  Twisted 
Square  Bars 

Diameter 

Area 

Weight 

Dimension 

Area 

Weight 

1 

.0491 

.167 

1 

.0625 

.212 

5 

.0767 

.261 

5 

.0977 

•332 

3 

8 

.1104 

.376 

3 

8 

.1406 

.478 

7 
T6 

•IS03 

•511 

7 

.1914 

.651 

1 
2 

.1963 

.668 

1 

.2500 

.850 

9 

.2485 

•845 

9 
1  6 

.3164 

I.076 

5 

8 

.3068 

1.043 

5 

8 

.3906 

I.328 

11 

16 

.3712 

1.262 

1  1 

T6 

.4727 

I.607 

3 

.4418 

1.502 

3 

•5625 

I-9I3 

13 

T3 

.5185 

1.763 

13 

1  6 

.6602 

2.245 

7 
8 

.6013 

2.044 

7 
8 

.7656 

2.603 

1  5 
16 

.6903 

2-347 

15 
1  6 

.8789 

2.988 

I 

.7854 

2.670 

I 

I. OOOO 

3400 

ii 

.9940 

3-38o 

Ii 

1.2656 

4.303 

ii 

I.2272 

4.172 

Ii 

1.5625 

5.313 

i-i 

I.4849 

5 -049 

1! 

1.8906 

6.428 

# 

1. 7671 

6.008 

4 

2.2500 

-■ 

7.65O 

. 

1  Stock  sizes  of 

1926  are  pi 

inted  in  bol 

d-face  type. 

RcmsomeBar. 


Kahn  Cup  Bar. 


Corrugated        Bars. 


(^MM4fMMt 


(iutmi(t<iui((mumi((((tt(f<t<i<i<HH(((((((tiiu 


Diamond  Bar.  ThacherBar. 

Diameters  expressed  in  inches.      Areas  expressed  in  square  inches. 
Weights  expressed  in  pounds  per  foot  of  length. 
The  twisted  square  bar  is  known  as  the  Ransome  Bar. 
Corrugated  bar  weights  very  closely  approximate  the  weights  given  for 
the  plain  bars.    See  makers  catalogue  for  any  special  brand. 

Steel  Beams. — Tables  187  and  188  give  data  on  the  strength  of 

steel  beams.    To  avoid  objectionable  deflection  in  bridge  floors  the 

following   specifications   for  minimum  depth  of  stringers,  girders 

and  trusses  indicate  the  desirable  minimum  depths  of  steel  beams. 

Depth  Ratios  of  Steel  Floor  and  Truss  Members1 

Trusses  preferably  not  less  than  Ho  of  span 

Plate  girders  preferably  not  less  than  H  2  of  span 

Rolled  beams  used  as  girders  preferably  not  less  than  %  q  of  span 

If  less  depth  is  used  section  area  to  be  increased  so  that  deflec- 
tion is  not  greater  than  if  these  limiting  ratios  had  been  used. 
1  American  Soc.  Specifications  1925. 
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Table  187^4. — Properties  of  Cambria  Standard  I-beams1 


Depth  of 

Beam 


Inches 


9 
9 
9 
9 

10 
10 
10 
10 

12 
12 
12 


Weight  per 
Foot 


Pounds 


5-SO 
6.50 

7-50 

7-5° 
8.50 

9-50 
IO.50 

9-75 

12.25 

14-75 

12.25 
14-75 
17-25 

15.00 

17.50 
20.00 

18.00 
20.25 
22.75 
25-25 

21.00 
25.00 
30.00 
35-oo 

25.00 
30.00 
35-oo 
40.00 

3i-5o 
35-oo 
40.00 


Area  of 
Section 


Sq.  Inches 


I.63 
I.QI 
2.21 

2.21 
2.50 
2.79 
3-09 

2.87 
3.60 

4-34 

3.61 
4-34 
5-07 

4.42 

5-i5 
5-88 

5-33 
5-96 
6.69 

7-43 

6.31 

7-35 

8.82 

10.29 

7-37 

8.82 

10.29 

11.76 

9.26 
10.29 
11.76 


Thick- 
ness of 
Web 


Inch 


17 
26 

36 

19 
26 

34 
4i 

21 
36 
50 

23 
35 

47 

25 
35 
46 

27 
35 
44 
53 

29 
4i 

57 
73 

3i 
45 
60 

75 

35 
44 
56 


Width  of 
Flange 


Inches 


2-33 
2.42 
2.52 

2.66 

2-73 
2.81 
2.88 

3.00 
3-i5 
3-29 

3-33 
3-45 
3-57 

3-66 

3-76 
3-87 

4.00 
4.08 
4.17 
4.26 

4-33 

4-45 
4.61 

4-77 

4.66 

4.80 

4-95 
5-io 

5.00 
5-09 
5-2i 


For  Fiber  Stress 
of  12,500  lbs.  per 
Sq.  In.  for  Bridge: 


Coefficient  of 
Strength 


13,790 
14,950 
16,180 

24,850 
26,480 
28,110 
29,750 

40,300 
45,390 
50,490 

60,520 
66,610 
72,740 

86,260 

93,290 
100,430 

118,490 
125,400 
133,570 
141,740 

157,260 
170,260 
188,640 
207,020 

203,500 
223,630 
244,050 
264,480 

299,740 
317,030 
341,540 


1  191 2  Standards. 
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Table  187 . — Co  ntinued 


Depth  of 
Beam 

Weight  per 
Foot 

Area  of 
Section 

Thick- 
ness of 
Web 

Width  of 
Flange 

For  Fiber  Stress 
of  12,500  lbs.  per 
Sq.  In.  for  Bridges 

Inches 

Pounds 

Sq. Inches 

Inch 

Inches 

Coefficient  of 
Strength 

15 
15 
15 
15 
15 

18 
18 
18 
18 

20 
20 
20 

24 

24 
24 
24 

24 

42.00 
45.00 
50.00 
55 -oo 
60.00 

55-oo 
60.00 
65.00 
70.00 

65.00 
70.00 
75.00 

80.00 
85.00 
90.00 
95.00 
100.00 

12.48 

13-24 
14.71 
16.18 
I7-65 

15-93 
17-65 
19.12 
20.59 

19.08 
20.59 
22.06 

23-32 
25.00 
26.47 
27.94 
29.41 

.41 
.46 
.56 
.66 

•75 

.46 
.56 
.64 
.72 

.50 
.58 
.65 

.50 
•57 
.63 
.69 

•75 

5-50 
5-55 
5-65 
5-75 
5.84 

6.00 
6.10 
6.18 
6.26 

6.25 

6-33 
6.40 

7.00 
7.07 

7-13 
7.19 

7-25 

490,840 
506,490 
537,130 
567,770 
598,410 

736,620 
779,440 
816,200 
852,970 

974,600 
1,016,490 
1,057,340 

1,449,460 
1,505,430 
1,554,450 
1,603,470 
1,652,490 

Explanation  of  the  coefficient  of  strength  in  the  above  table  and  exam- 
ples showing  use  in  practice. 

The  coefficient  of  strength  for  each  sized  beam  represents  the 
maximum  uniformly  distributed  load,  in  pounds,  that  will  produce  a 
fiber  stress  not  exceeding  12,500  lb.  per  square  inch  multiplied  by 
the  span  in  feet. 

If  the  load  to  be  investigated  is  a  concentrated  load  it  must  be 
changed  to  an  equivalent  uniform  load  in  order  to  use  the  values 
given.     This  is  done  by  multiplying  the  concentrated  load  by  2. 

Example. — Suppose  that  it  is  required  to  determine  the  size  I- 
beam  that  will  carry  a  40,000-lb.  load  in  the  center  of  a  15'  span  and 
a  uniformly  distributed  load  of  20,000  lb.  The  coefficient  of  resist- 
ance for  the  concentrated  load  will  be  2(40,000)  X  15  =  1,200,000 

Uniform  load  20,000  X  15  =     300,000 

1,500,000 

The  required  beam  must  have  a  coefficient  of  resistance  of  1,500,- 
000  plus  the  coefficient  due  to  its  own  weight.  A  24"  beam  weighing 
90  lb.  per  foot  has  a  coefficient  of  1,554,450. 

The  beam  weighs  90  X  15  =  1350.  The  coefficient  for  the  beam 
weight  is  1350  X  15  =  20,250,  which  deducted  from  1,554,450  gives 
a  coefficient  of  1,534,200,  which  is  slightly  greater  than  required  and 
is  safe. 
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Table   1S7B. — Bethlehem  Stand- 
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O   c! 


.2  «8 


B30 
B28 
E26 

B24b 

B24a 
B24 

B22 

B2oa 

B20 

Bi8a 

B18 

Bisb 
Bisa 

B15 

Bi2a 
B12 
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Bo 

B8 


30  H 

129.0 

30 

121. 0 

29  7A 

115. 0 

28  ys 

1130 

28 

106.0 

27  ^ 

100. 0 

26  M 

98.0 

26 

91 .0 

25  Vs 

85. S 

24    ^3  2 
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24 

99- 5 

232%2 

95- 5 

24 

84.  5 

24 

83.0 

24     w 
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71.5 

22  Me 

68.  5 

22 

65- 5 

20 

82.0 

20 

73  0 

20 

69.0 

20 

64.5 

20 

59- S 

18  Ys 

74-0 

18 

69.0 

17    K 
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18 

59-0 

18 

54-5 

18 

52.0 

18 

49-0 

15 

71.5 

IS 

64.0 

15 

54-5 

IS 

46.0 

15 

41.0 

IS 

38.5 

12 

36.5 

12 

32.0 

12 

28.5 

10 

28.5 

10 

235 

9 

24.0 

9 

20.5 

8 

19.5 

8 

17.5 
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.580 
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•  550 
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•  530 
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.540 
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•  Sio 

29. 18 

•  490 

28.47 

.500 

26.55 

•  470 

24.89 

•  450 

30.63 

•  550 

29.15 

.525 

27.79 

•  505 

24.80 

.460 

24-59 

.520 

21.47 

•  390 

20.88 

.420 

20.04 

.405 

19.08 

.385 

24.17 

•  570 

21.37 

•  430 

20.  26 

.520 

18.86 

•  450 

17.36 

•  375 

21.61 

•  440 

20.  20 

.420 

18.79 

.400 

17.40 

•  495 

15.87 

.410 

IS.24 

•  375 

14-25 

.320 

20.95 

.520 

18.81 

.605 

15.88 

.410 

1352 

•  440 

12.02 

•  340 

11.27 

.  290 

10.61 

.310 

9-44 

•  335 

8.42 

.250 

8-34 

•  390 

6.94 

.250 

7.04 

.365 

6.01 

.250 

5.78 

.325 

5.18 

.250 

10.530 

5,566.5 

10. 500 

5.213.6 

10.480 

4,886.8 

10.030 

4.285.5 

10.000 

3.993-8 

9.980 

3.723.4 

9.530 

3.200.9 

9.500 

2,962.8 

9.480 

2,742.2 

9-775 
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9.750 
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2,663. 1 

9.250 
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9.000 
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1,705.2 

8.520 

1,629.3 

8.500 

1,549-5 

8.890 

1,559-8 

8.750 

1,466.5 

8.145 

1,268.9 

8.075 

1,222. 1 

8.000 

1,172.  2 

8.770 

1,238.0 

8.750 

1,142.5 

8.730 

1,048.5 

7.675 

883.3 

7.590 

842.0 

7-555 

825.0 

7.500 

798.3 

7  •  500 

796.2 

7.195 

664.9 

7.000 

610.0 

6.810 

484.8 

6.710 

456.7 

6.660 

442.6 

6.300 

269.  2 

6.205 

228.5 

6. 120 

216.2 

5.990 

134-6 

5.850 

122.9 

5-555 

92. 1 

5. 440 

85.1 

5325 

60.6 

5-250 

57-4 

12.18 

12.  14 

12.08 

II  .40 

II.36 

11.30 

10.60 

IO.56 

10.50 

984 

9.82 

9-79 

980 

9-55 

9-87 

9.04 

9.02 

9.01 

8.03 

8.28 

7.91 

8.05 

8.22 

57 

52 

■47 

12 

28 


7.36 
7.48 
6.16 
5-95 
6.20 
5-99 
6.16 
6.27 
5.04 
4.92 
5-07 
4.02 
4.  21 
3-62 
3-76 
324 
3-33 


W  =  Safe   load   in   pounds,   uniformly   distributed,   including   weight   of 
beam. 

L  =  Span,  in  feet. 
M  =  Moment  of  forces,  in  foot  pounds. 

/  =  Allowable  fiber  stress,  in  lbs.  per  square  inch. 

S  =  Section  modulus  about  axis  XX. 
*  Axis  XX  parallel  to  flange.    Axis  YY  parallel  to  web. 
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C,  C,  and  C"  =  coefficients  given  in  the  table. 
IF 


C        C        C 

or  -=-■  or 


**      c       C       C" 
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ARD    I-BEAMS    (1926 

Standard) 

Coefficients  of  strength 
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•H 
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CO 

c 

.2 
0 

c 

a 

C" 

S° 

r 

'' 
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CO 

3,943.000 

2,957,000 

4,435,000 

119,100 

177.5 

2.18 

33-7  1 

3,707,000 

2,781,000 

4,171,000 

107,300 

164.3 

2.  l6 

31.3  \ 

B30 

3,489,000 

2,617,000 

3,925,000 

99,500 

15,1.8 

2.13 

29.0  1 

3,251,000 

2,438,000 

3,658,000 

103,300 

142.3 

2.08 

28.4  I 

3,043,000 

2,282,000 

3,423,000 

92,300 

130.9 

2.06 

26.2  > 

B28 

2,849,000 

2,137,000 

3,205,000 

85,000 

120. 2 

2.03 

24. 1  1 

2,614,000 

1,961,000 

2,941,000 

88,500 

no. 6 

1.97 

23-2    ] 

2,431,000 

1,823,000 

2,735,000 

78,300 

100.9 

1.95 

21  .  2    [ 

B26 

2,260,000 

1,695,000 

2,543,000 

71,600 

91.6 

I  .92 

19.3    J 

2,628,000 

1,971,000 

2,957,000 

104,300 

132.9 

2.08 

27.2    | 

2,499,000 

1,874,000 

2,812,000 

95,900 

124.8 

2.07 

25.6    [ 

B24b 

2,376,000 
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89,300 

117. 1 

2.05 

24.  I    J 

2,117,000 
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2,382,000 

75,ioo 

91. 1 

1.92 

19-7 

B24a 

1,992,000 

1,494,000 

2,241,000 

93,ioo 

78.0 

1.78 

17. I    \ 

B24 

1,859,000 

1,394,000 

2,091,000 

54,000 

74-4 

1.86 

16.5    1 

1,645,000 

1,233,000 

1,850,000 

62,500 

65.8 

1.78 

15.4    ] 

1,576,000 

1,182,000 

1,773,000 

58,200 

62.3 

1.76 

I4.6    \ 

B22 

1,503,000 

1,127,000 

1,690,000 

52,600 

58.8 

1.76 

13-8 

1,664,000 

1,248,000 

1,872,000 

102,400 

79-9 

1.82 

18.0    1 

B20a 

1,564,000 

1,173,000 

1,760,000 

64,900 

75-9 

1.88 

17-3  J 

1,354,000 

1,015,000 

1,523,000 

88,200 
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1.59 
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69,400 
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1.62 
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1.66 
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57,500 

37-7 

1.54 
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B18 

977.700 

733,300 

1,100,000 

49,200 

37-1 

1.56 

9.82  f 

946,100 

709,600 

1,064,000 

36,700 

36.2 

1-59 

9-66  J 

1,132,000 

849,300 

1,274,000 

77,900 

61.3 
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16.3 

Bisb 

945,600 

709,200 

1,064,000 

90,800 

41.9 

1-49 
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Bisa 

867,600 

650,700 

976,100 

54.800 

38.3 

1-55 
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689,500 
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775,700 

60,000 
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649,400 
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538,400 
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1.42 
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Bi2a 
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457,000 
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5.14  1 

B12 

384,400 

288,300 

432,500 
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15.3 

1.35 
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287,100 

215.300 

323,000 

39,ooo 

12. 1 

1. 21 

405  I 
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262,200 

196,700 

295,000 

21,000 
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1.27 

3.83  / 

218,300 

163,700 

245,600 

32,900 

8.8 
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201,800 
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20,100 
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1. 17 

3.02  f 

161,600 

121,200 

181,800 

26,000 

6.7 

1.08 

2.51   I 

B8 

153.000 

114,800 

172,100 

18,900 

6.4 

1. 11 

2-43  / 

L  L  L 

C,  or  C,  or  C"  =  WL  =  8.1/  =  HfS 
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Table  i< 


-Bethlehem  Girder 
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W  =  Safe   load   in   pounds,   uniformly   distributed,   including   weight   of 
beam. 

L  =  Span,  in  feet. 
M  =»  Moment  of  forces,  in  foot  pounds. 

/  =  Allowable  fiber  stress,  in  lbs.  per  square  inch. 

5  =  Section  modulus  about  axis  XX. 
*  Axis  XX  parallel  to  flange.    Axis  YY  parallel  to  web. 
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IO67 

Beam  (1926  Standard) 

Coefficients  of  strength 

Axis  YY 

* 

M-l 
O 

"  8.2  .2 

ess  of 
per 

■  mov- 

ess  of 
per 
r  qui- 
s 

»i     .woe! 

u     .  f 

1-       .    O  Tl 

*,     3 

ti 

For  fiber  st 
16,000  lbs 
sq.  in.     U 
building  o 
requireme: 

For  fiber  st 
12,000  lbs 
sq.  in.    Fc 
ing  loads 

For  fiber  st 
18,000  lbs 
sq.  in.     Fi 
escent  loai 

O    O 

b  e 

«4J 
O 

C  d 

CO 

3 

eg 
.2-o 
«§ 

V 

6 

0 

a 

c 

.2 
".tj 

0 

C 

a 

C" 

S° 

r 

r' 

S' 

0 

in 

6,480,000 

4,860,000 

7,290,000 

193,200 

628.5 

3 .28 

83.6 

6,152,000 

4,614,000 

6,921,000 

176,400 

589.4 

3   26 

78.6 

>    G30 

5,841,000 

4,381,000 

6,571,000 

163.799 

552.0 

3-23 

73-7 

5,302,000 

3,976,000 

5,965,000 

164,800 

496. 2 

3- 12 

69.4 

-    G28 

5,012,000 

3,759,000 

5.638,000 

149,100 

462.8 

3- 10 

65.0 

4.555, 000 

3,416,000 

5,124,000 

149,500 

432.8 

3   04 

62.8 

4,297,000 

3,223,000 

4,834,000 

134,900 

402.7 

3   02 

58.6 

•    G26 

4,064,000 

3,048,000 

4,572,000 

127,300 

375.0 

2.99 

54-6 

3,937,000 

2,953,000 

4,429,000 

138,200 

3833 

2.97 

57-7 

3,710,000 

2,783,000 

4,174,000 

124,600 

356.4 

2.95 

53-8 

G24a 

3,495,000 

2,621,000 

3,932,000 

114,400 

330.7 

2.92 

50.0 

3,401,000 

2,550,000 

3,826,000 

114,800 

278. 2 

2.72 

45-3 

3,187,000 

2,390,000 

3,585,000 

101,400 

256.9 

2.  70 

41.9 

■    G24 

2,984,000 

2,238,000 

3,357,ooo 

01,400 

236.7 

2.67 

38.7  , 

3,294,000 

2,470,000 

3,706,000 

138,100 

384.5 

2.97 

60.  2 

3,128,000 

2,346,000 

3,519,000 

129,200 

360.9 

2.96 

56.6 

G2oa 

2,962,000 

2,222,000 

3,333,000 

120,500 

337.6 

2.94 

53.1  < 

2,657,000 

1,992,000 

2,989,000 

109,800 

260. 1 

2.73 

43-2 

2,496,000 

1,872,000 

2,808,000 

101,000 

240.8 

2.71 

40. 1 

G20 

2,344,000 

1,758,000 

2,637,000 

95,ioo 

222.3 

2.68 

37.1  , 

2,032,000 

1,524,000 

2,286,000 

86,300 

202.6 

2.63 

35.1 

1,888,000 

1,410,000 

2,125,000 

76,000 

185. 1 

2.61 

32.2 

G18 

1,757,000 

1,318,000 

1,977,000 

70,700 

168.9 

2.58 

29.4 

2,351,000 

1,763,000 

2,645,000 

125,500 

347.3 

2.85 

590 

2.244,000 

1,683,000 

2,524,000 

120,000 

328.3 

2.83 

55-9 

■    Gi5b 

2,137,000 

1,603,000 

2,404,000 

114,600 

309  -5 

2.82 

52.8 

1.843,000 

1,382,000 

2,074,000 

96,800 

231.2 

2.67 

41.0 

1,733.000 

1,299,000 

1,949,000 

00,000 

214-3 

2.65 

38.1 

Gisa 

1,627,000 

1,220,000 

1,830,000 

84,800 

198.4 

2.63 

35-4 

1,367,000 

1,025,000 

1,537,000 

69,700 

143.0 

2.47 

26.5 

1,257,000 

942,800 

1,414,000 

61,100 

128.9 

2.45 

24.0 

-     G15 

1,156,000 

867,100 

1,301,000 

56,600 

US- 8 

2.41 

21.6 

1.037,000 

777,600 

1,166,000 

61,800 

132. 1 

2-43 

25.7  ' 

957.IOO 

717.800 

1,077,000 

56,400 

119. 7 

2.41 

23 -4 

Gi2a 

883,000 

662,300 

993,400 

53.500 

108.3 

2.38 

21 . 2 

844,700 

633,500 

950,300 

49,100 

95-8 

2.32 

19. 1  ' 

767,700 

575,800 

863,600 

43,8oo 

84.9 

2.  29 

17.0 

G12 

710,800 

533,100 

799,700 

40,300 

76.9 

2.  26 

15.4  , 

580,800 

435,600 

653,300 

36,400 

66.4 

2.  14 

14.7 

522,100 

391,500 

587,300 

31,100 

58.2 

2.  II 

12.9 

Gio 

481,900 

361,400 

542,100 

29,500 

52.6 

2.08 

11. 7  . 

453.400 

340,000 

510,000 

31,900 

51-3 

2.02 

12.0 

403,800 

302,800 

454.300 

27,900 

44.4 

1-99 

IO.4 

G9 

379,200 

284,400 

426,600 

25,300 

41 .0 

1-97 

9.67    J 

344,500 

258,400 

387,600 

26,800 

38.7 

I  .90 

9-65 

304,500 

228,400 

342,600 

24,000 

332 

1.86 

8.29 

G8 

285,200 

213,900 

320,900 

23,000 

30.5 

1.84 

7.63  J 

C,  C,  and 

C"  =  coeffi 

cients  given 

in  the  t£ 

ible. 

c 

C        C" 

i*       c 

C        C 

t 

W  —  —  ■  c 

r  — •  or  -=-: 

M  =  —-or 

--•  or  — 

L 

L         L  ' 

8 

8            8 

C,  or  C,  ( 

«  C"  -  WL 

-  8M  =  h 

ifs 

io68 
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Table   189^4. — Weights  of  Flat  Rolled  Steel  Bars,  Pound 
per  Linear  Foot 

One  cubic  foot  of  steel  weighs  489.6  lb.     For  thicknesses  from  % 
to  2"  and  widths  from  1  to  12%" 


Thickness 
in  inches 

1" 

iK" 

iH" 

1%" 

2" 

2Ji" 

2y2" 

*K" 

12" 

Ma 

0.638 

0.797 

0.956 

I.  12 

1.28 

1-43 

159 

1-75 

7-65 

H 

0.850 

1.06 

1.28 

1.49 

1.70 

I. 91 

2. 13 

2-34 

10.  20 

He 

1 .06 

1-33 

I.  59 

1.86 

2.13 

2.39 

2.66 

2.92 

12.75 

% 

1.28 

1.59 

1. 91 

2.23 

2.55 

2.87 

319 

3-51 

I530 

Ke 

1.49 

1.86 

2.23 

2.60 

2.98 

3-35 

372 

4.09 

17.85 

>2 

1 .70 

2. 13 

2.55 

2.98 

3-40 

3.83 

425 

4.68 

20.40 

Ke 

1. 91 

2.39 

2.87 

3-35 

3-83 

4-30 

4-78 

526 

22.95 

H 

2.13 

2.66 

3.19 

3-72 

4-25 

4-78 

531 

5.84 

2550 

lXs 

2.34 

2.92 

3-51 

4.09 

4.68 

5.26 

5.84 

6.43 

28.05 

H 

2. 55 

3.19 

3.83 

4.46 

5-10 

5-74 

6.38 

7-01 

30.60 

XK6 

2.76 

3-45 

4.14 

4-83 

553 

6.  22 

6.91 

7.60 

33.15 

Is 

2.98 

3-72 

4.46 

5.21 

5-95 

6.69 

7-44 

8.18 

35.70 

lXs 

3.19 

3.98 

4.78 

5.58 

6.38 

7.17 

7-97 

8.77 

38.25 

1 

340 

4-25 

5.10 

5-95 

6.80 

7.65 

8.50 

935 

40.80 

iH« 

3.61 

4-52 

5-42 

6.32 

7.23 

8.13 

9.03 

993 

43-35 

iH 

3.83 

4-78 

5.74 

6.69 

7.65 

8.61 

9.56 

10.52 

45.90 

iMb 

4.04 

5- 05 

6.06 

7.07 

8.08 

9.08 

10.09 

11. 10 

48.45 

iH 

425 

5.3i 

6.38 

7-44 

8.50 

9.56 

10.63 

11.69 

5100 

iJKb 

4.46 

5. 58 

6.69 

7.81 

8.93 

10.04 

11. 16 

12.  27 

5355 

iH 

4.68 

5.84 

7.01 

8.18 

935 

10.52 

11.69 

12.86 

56. 10 

ifi* 

4.89 

6. 11 

7-33 

8.55 

9.78 

11 .00 

12.  22 

13-44 

58.6s 

1Y2 

5-10 

6.38 

7.65 

8.93 

10.  20 

11.48 

12.75 

1403 

61 .20 

itie 

5-31 

6.64 

7-97 

9.30 

IO.63 

11-95 

1328 

14.61 

63.75 

iH 

5-53 

6.91 

8.29 

9.67 

11.05 

12.43 

1381 

1519 

66.30 

i1^. 

5-74 

7.17 

8.61 

10.04 

11.48 

12.91 

14-34 

15.78 

68.85 

1% 

5-95 

7-44 

8.93 

10.41 

11 .90 

13.39 

14-88 

16.36 

71.40 

i13Ai 

6.16 

7.70 

9.24 

10.78 

12.33 

13.87 

15.41 

16.95 

73-95 

i% 

6.38 

7-97 

9.56 

11 .  16 

12.75 

14-34 

15-94 

17.53 

76.50  j 

i^A* 

6.59 

8.23 

9.88 

11-53 

13.18 

14.82 

16.47 

18.12 

79.05 

2 

6.80 

8.50 

10.20 

11 .90 

13.60  15.30 

17.00  18.70 

81.60 

STEEL  PLATES 

I069 

Table  189^!. — Continued 

Thickness 
in  inches 

3" 

3H" 

3K" 

3H" 

4" 

4>£" 

4K" 

4*i" 

12" 

He 

k 

1. 91 
2.5s 

2.07 
2.76 

2.23 
2.98 

2-39 
3-19 

2.55 
3-40 

2.71 
3.61 

2.87 
3.83 

303 

4.04 

7.65 
10.20 

He 

aA 
He 

3  19 

383 
4.46 

5-io 

345 

4.14 
483 
553 

3-72 
4.46 
5-21 
5-95 

3.98 

4-78 
5- 58 
6.38 

4-25 
510 
5-95 
6.80 

4-52 
542 
6.32 
7.22 

4.78 
5-74 
6.69 
7.65 

505 
6.06 
7.07 
8.08 

12.75 
15-30 
17.85 
20.40 

He 

H 

H 

5- 74 
6.38 
7.01 
7.6s 

6.22 
6.91 
7.60 
8.29 

6.69 
7-44 
8.18 

8.93 

7-17 
7-97 
8.77 
9.56 

7.65 

8.50 

935 

10.20 

8.13 

9.03 

993 

10.84 

8.61 

9.56 

10.52 

11.48 

9.08 
10.09 

11. 10 

12. 11 

22.95 

25.50 
28.05 
30.60 

134e 

Va 

lHe 

i 

8.29 

8.93 

9 .56 

10.20 

8.98 

9.67 

10.36 

n.05 

9.67 
10.41 
11. 16 
11 .90 

10.36 
11. 16 
H-95 
12.75 

11.05 
11 .90 

12.75 
13-60 

11.74 
12.64 
13-55 
14-45 

12.43 
1339 
14-34 
15.30 

13.12 

14-13 
15.14 
16.15 

33.15 

35.70 
38.25 
40.80 

i  He 
iHe 

10.84 
11.48 
12. 11 
12.75 

11.74 
12.43 

13-12 

13-81 

12.64 

1339 

14-13 
14.88 

13.55 
14-34 
15-14 
15-94 

14-45 
15.30 
16. 15 
17.00 

15-35 
16.26 
17. 16 
18.06 

16.26 
17.21 
18.17 
19.13 

17.16 
18.17 
19.18 
20. 19 

4335 
45-90 
48.45 
51.00 

iHe 
iHe 

13.39 
14.03 
14.66 
15-30 

14-50 
15.19 
15.88 
16.58 

15.62 
16.36 
17. 11 
17.85 

16.73 
17.53 
18.33 
19.13 

17.85 
18.70 
19.55 
20.40 

18.97 
19.87 
20.77 
21.68 

20.08 
21.04 
21.99 
22.95 

21 .20 
22.21 
23.22 
24.23 

53  55 
56.10 
58.65 
61.20 

iHe 

1% 

15.92 
16.58 
17.21 
17.85 

17.27 
17.96 
18.65 
19.34 

18.59 
19-34 
20.08 
20.83 

19.92 
20.72 
21.52 
22.31 

21.25 
22. 10 
22.95 
23.80 

22.58 
23.48 
24.38 
25.29 

23.91 
24.86 
25.82 
26.78 

25.23 
26.24 
27.25 
28.26 

6375 
66.30 
68.85 
71.40 

^He 

i7A 

i*He 

2 

18.49 
19.13 
19.76 
20.40 

20.03 
20.72 
21 .41 
22. 10 

21.57 
22.31 
23.06 
2380 

23.11 
2391 
24.70 
25.50 

24.65 
25.50 
26.35 
27.20 

26. 19 
27.09 
28.00 
28.90 

27-73 
28.69 
29.64 
30.60 

29.27 
30.28 
31.29 
32.30 

73-95 
76.50 
79-05 
81.60 
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Table  189JB. — Weights  of  100  Machine  Bolts  with  Squari 

Heads  and  Nuts 

Wrought  iron,  manufacturers'  standard  sizes.     Basis,  Hoopes  & 

Townsend's  list 


Length  under 

head  to  point, 

inches 

Diameter  of  bolt 

,  in  inches 

H 

1 

iH 

iH 

iH 

iH 

iH 

2 

2 

2H 

98 
106 

145 
153 

3 
3H 

114 
122 

163 

174 

240 
253 

309 
325 

350 
370 

480 
500 

4 
4H 

130 
138 

185 
196 

267 
281 

342 
359 

390 
410 

520 
545 

800 
833 

5 

147 
155 

207 
218 

295 
309 

376 
394 

430 
450 

570 
595 

866 
900 

1370 
1414 

6 

163 
172 

229 
240 

323 
337 

412 
430 

470 
490 

620 
645 

934 
968 

1458 
1502 

7 
IY2 

l8o 
187 

251 
262 

351 

365 

448 
466 

510 
530 

670 
695 

1002 
IO36 

1546 
1590 

8 
9 

195 

212 

273 
295 

379 
407 

484 
518 

550 
590 

725 
775 

1070 
1138 

1634 
1722 

10 
II 

229 
246 

317 
339 

435 
463 

552 
586 

630 
670 

825 
875 

1206 
1274 

I8I0 
1898 

12 
13 

263 
280 

361 
383 

491 
519 

620 
655 

710 
751 

925 
975 

1342 
1410 

1986 
2074 

14 
15 

297 
314 

405 
427 

547 
575 

690 
725 

793 
835 

1025 
1075 

1478 
1548 

2l62 
2250 

16 
17 

331 

348 

449 

471 

603 
631 

760 
795 

877 
919 

1125 
1175 

I6l6 

1684 

2338 
2426 

18 
19 

36S 
382 

493 
515 

659 
687 

830 
865 

961 
1003 

1225 
1275 

1752 
1820 

2514 
2602 

20 

21 

399 
416 

537 
559 

715 
743 

900 
935 

1045 
1087 

1325 
1375 

1888 
1956 

269O 
2778 

22 
23 

437 

454 

58l 
603 

771 
799 

970 

1005 

1 1 29 
1171 

1425 
1475 

20  24 
2092 

2866 
2954 

24 
25 

470 
487 

625 
647 

827 
855 

1040 
1075 

1213 
1255 

1525 
1575 

2l60 
2228 

3042 
3130 

Bolts  from  i}i  to  2  ",  inclusive,  are  fitted  with  nuts  made  to  U.  S.  standard 


BOLTS 
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Weights  of  100  Round-headed  Rwets  or  Round-headed  Bolts 

without  Nuts 
Wrought  iron,  basis— 1  cu.  ft.  iron  =  480  lb. 


Length  under 

D 

iameter  of  rivet,  in  inches 

head  to  point, 

\  iy* 

inches 

H 

H 

H 

K 

% 

I 

1 

4-7 

9-3 

16.0 

25.2 

37-2 

52.6 

71.3 

tH 

5-5 

10.7 

18. 1 

28.3 

41 -3 

58.0 

78.2 

iH 

6.2 

12. 1 

20. 2 

31.3 

45-5 

635 

85.1 

iH 

7.0 

134 

22.4 

34-4 

49-7 

68.9 

92.0 

2 

.     7-8 

14.8 

24. 5 

37-5 

539 

74-4 

98.0 

*H 

8.5 

16.2 

26.6 

40.5 

58.0 

79-8 

105.8 

»H 

9-3 

17. 5 

28.8 

43-6 

62.2 

85.3 

112. 7 

2% 

10. 1 

18.9 

30.9 

46.7 

66.4 

90.7 

119. 6 

3 

10.8 

20.3 

330 

49.8 

70.6 

96.  2 

126.5 

3H 

11. 6 

21 .6 

35-1 

52.8 

74-7 

101 .6 

133-4 

3H 

12.4 

230 

37-3 

559 

78.9 

107. 1 

140.3 

3H 

131 

24-3 

39-4 

590 

83.1 

112. 6 

147.2 

4 

13-9 

25-7 

41-5 

62.0 

87.3 

118. 0 

154- 1 

4K 

14.7 

27 . 1 

437 

65.1 

91.4 

1235 

161 .0 

4H 

IS- 4 

28.4 

45- 8 

68.2 

95-6 

128.9 

167.9 

aH 

16.  2 

298 

47-9 

71 .2 

99-8 

134.4 

174-8 

5 

17.O 

312 

50.1 

74-3 

104.0 

139.8 

181. 7 

SH 

17.7 

32. 5 

52.2 

77-4 

108.2 

145.3 

188.6 

sH 

18. 5 

33-9 

54-3 

80.4 

112. 3 

150.7 

195-6 

sH 

19-3 

35-3 

56.4 

83.5 

116. 5 

156.2 

202.5 

6 

20.0 

36.6 

58.6 

86.6 

120.7 

161. 6 

209.4 

b\i 

20.8 

38.0 

60.7 

89.6 

124.8 

167. 1 

216.3 

6H 

21 .6 

393 

62.8 

92.7 

129.0 

172. 5 

223.2 

e>K 

22.3 

40.7 

65.0 

95-8 

133-2 

178.0 

230. 1 

7 

23- 1 

42. 1 

67. 1 

98.8 

137.4 

183.5 

237.0 

iH 

23   9 

43-4 

69.2 

101.9 

141 .6 

188.9 

243-9 

iH 

24.6 

44-8 

71-4 

105.0 

145.7 

194-4 

250.8 

7K 

2S-4 

46.  2 

73-5 

108.0 

149.9 

199-8 

257-7 

8 

26.  2 

47-5 

75-6 

in .  1 

154- 1 

205-3 

264.6 

8M 

27.7 

50.2 

79-9 

117.  2 

162.4 

216.  2 

278.4 

9 

29.  2 

53  0 

84.1 

123-4 

170.8 

227. 1 

292.  2 

9H 

30.8 

55-7 

88.4 

1295 

179- 1 

238.0 

306.0 

10 

32.3 

58.4 

92.7 

135.6 

187.5 

248.8 

319-8 

10H 

33-8 

61 . 2 

96.9 

141.  8 

195.  8 

259-8 

333-6 

II 

35-4 

639 

101.2 

147.9 

204.  2 

270.  7 

347-4 

IIH 

36.9 

66.6 

105.4 

154- 1 

212.5 

281.6 

361.2 

12 

1"  in  length  of  ioo 

38.4 

69.3 

109.7 

160.  2 

220.9 

292.5 

375-0 

rivets 

307 

5-45 

8.52 

12.  27 

16.  70 

21 .  82 

27.61 

Weight  of  100  rivet 

heads 

1.78 

4.82 

995 

16.  12 

24.29 

34-77 

47.67 
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Table     190. — Weight    of     Corrugated    Metal    Galvanized 

Sheets 
Weight  in  pounds  per  100  sq.  ft. 


Corrugations, 
inches 


Width      Depth 


Thickness,  U.  S.  Standard  gage 


12 


14    16    18    20 


23 


24 


25    26  27,28  29 


5 
3 

2\i 
2 

iH 
H 


He 

H 
H 

He 


631 


4861352 
488  353 


285  231 
286I232 


I78|i64 
178  165 


494  358  290  235  181J167 


151 
151 
153 


623488353  286  232  1781651151 


286  232J178 
186 


165 
172 


151 
158 


137  I24!III 

138  125  in 
140  126  113 
138  125  in 
138  125  in 
144  13a  Il6  102  95 

.  .  .I130116  102J95 


97  90 [84  77 
9891  84  77 
99  92  85I78 

98  91  84  77 
98  91  84  77 

88  81: 
88  81 


Note.— Painted  sheets  weigh  about  16  lb.  less  per  100  sq.  ft.  than  the  gal- 


vanized sheets. 


Table   191. — Condensed  Table  of  Strength  of  Reinforced- 
concrete  Slabs  (Free  End  Supports) 

Safe  uniformly  distributed  superimposed  load  per  square  foot  of 
slab  for  the  span  noted,  exclusive  of  weight  of  slab 

Factor  of  safety  5  which  is  very  conservative. 

(Note.— For  factor  of  safety  of  4  add  one-fourth  to  the  tabular 
loads.) 

Concrete  1:2:4  n^x- 

Allowable  unit  stress  in  concrete  .    .   500  lb.  per  square  inch 
Allowable  unit  stress  in  steel   .    .    14,000  lb.  per  square  inch. 

Note.— The  safe  concentrated  load  is  one-half  of  the  total  uni- 
formly distributed  load  over  the  effective  width  of  slab  resisting  a 
concentrated  load  (see  page  1042). 
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Table    193. — Recommended    Thickness    of     Concrete     Slab 

When  Used  in  Highway  Bridges  under  Different  Depths  of 

Earth  or  Macadam  Fill  (Conservative  Practice) 


Span  of  Slab 
in  Feet 

Depth  of  Fill  Over  Slab  in  Feet 

i'             2' 

4' 

6' 

8' 

io' 

12' 

2 

4 
6 
8 

10 

12 

14 
16 
18 
20 

. 

6" 

7" 

9" 

io" 

12" 

14" 
16" 
18" 
20" 
22" 

6" 
1" 

9" 
10" 
12" 

14" 
16" 
18" 
20" 

22 

6" 

7" 
9" 

10" 
13" 

IS" 

17" 
19" 
22 

23" 

6" 

7" 
10" 
11" 
14" 

16" 
18" 
20" 
23" 

24" 

6" 

7" 
10" 
12" 
15" 

17" 
19" 

22/r 

24" 

6" 

7" 
10" 

13" 
16" 

18" 

20" 
24" 

6" 

7" 
11" 

13" 

17" 

20" 
22" 

Note. — Side  walls  must  be  designed  for  beam  action  due  to  hori- 
zontal earth  pressure — deep  fills  (see  Fig.  67,  p.  224,  Chap.  IV 
Parti). 

Design  of  Structures  under  Deep  Fills. — Design  culverts  and  slab 
bridges  under  deep  fills  on  the  principle  of  rigid  frames  pin  con- 
nected at  the  bottom  of  side  walls,. 

Stresses  are  indeterminate  and  the  usual  formulae  are  very  com- 
plicated. The  following  simple  formulae  have  been  found  to  be 
satisfactory  and  are  conservative. 


Mo'm 


K#^  M2  At 

^71 


Approximate  moment  diagram. 

Mi  =  0.09  Wl,  vertical  loads. 

M2  =  0.06   Wl,  vertical  loads  +  0.06   WV  horizontal  pressure 
on  sidewalls. 

Ma  =  0.12  WV,  horizontal  pressure. 
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Table  194. — Condensed  Table  op  Strength  oe  Wooden  Beams 

Based  on  a  very  complete  table  published  in  the  Cambria  Steel 
Handbook  to  which  the  reader  is  referred  if  he  is  using  much  data 
of  this  kind. 

This  tabulation  based  on  factor  of  safety  of  6. 

Allowable  fiber  stress  1200  lb.  per  square  inch. 

The  loads  given  are  the  safe  total  uniformly  distributed  loads 
per  inch  width  of  beam  for  the  span  noted  including  the  weight 
of  the  beam. 

This  table  applies  directly  to  white  oak  and  long-leaf  yellow 
pine. 

For  hemlock  use  one-half  of  the  load  given. 

For  Douglas  fir,  Norway  pine,  cypress,  chestnut,  and  spruce, 
use  two-thirds  of  the  load  given. 

Note. — The  safe  concentrated  superimposed  load  is  one-half 
of  the  total  superimposed  uniformly  distributed  load  exclusive 
of  the  weight  of  the  beam. 

For  weight  of  timber  see  page  1038. 


Span 
in 

Depth  of 

Beam 

in  Inches 

Feet 

4" 

6" 

8" 

10" 

12" 

14" 

16" 

18" 

20" 

22" 

24" 

4 

535 

1200 

6 

355 

800 

1420 

8 

270 

600 

1070 

1670 

2400 

10 

215 

480 

850 

1330 

1920 

2610 

12 

180 

400 

710 

IIIO 

1600 

'2180 

2840 

3600 

14 

150 

340 

610 

950 

1370 

1870 

2440 

3090 

3810 

16 

135 

300 

530 

830 

1200 

1630 

2130 

2700 

3330 

4030 

4800 

18 

120 

270 

480 

740 

1070 

1450 

1900 

2400 

2960 

3590 

4270 

20 

105 

240 

430 

670 

960 

1310 

1710 

2160 

2670 

3230 

3840 

22 

95 

220 

390 

610 

870 

1 190 

1550 

i960 

2420 

2930 

3490 

24 

90 

200 

360 

560 

800 

1090 

1420 

1800 

2220 

2690 

3200 

26 

185 

330 

5io 

740 

1000 

1310 

1660 

2050 

2480 

2950 

28 

170 

305 

480 

690 

930 

1220 

1540 

1900 

2300 

2740 

30 

160 

285 

440 

640 

870 

1 140 

1440 

1780 

2150 

2560 

Note. — If  a  deep  beam  is  used  for  a  shorter  span  than  shown 
in  the  table  figure  the  limiting  load  on  the  basis  of  shear  along  the 
neutral  axis.     By  the  formula 

W  =  ^, 

3 
In  which  W  =  safe  load  in  pounds  uniformly  distributed. 
d  =  depth  of  beam  in  inches. 
b  =  breadth  of  beam  in  inches. 

S  —  allowable   shear  in   the   direction   of   the    grain 
in  pounds  per  square  inch. 

White  pine 100  lb.  per  square  inch. 

Long-leaf  yellow  pine 150  lb.  per  square  inch. 

White  oak 200  lb.  per  square  inch. 
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The  Deflection  formula  for  a  beam  1"  wide  under  uniform  load 
may  be  written  /  =  270  (l/d)W/E.  Folio  wing  table  gives  values 
of  270  (l/d)3  for  various  spans  and  widths.  In  this  formula,  I  is 
expressed  in  feet,  /  and  d  in  inches,  W  in  pounds  of  total  load  on 
beam  divided  by  width  in  inches. 


Table  195. — Deflection  of  Timber  Beams 

Values  of  C  in  the  Formula,  Deflection  =  CW/E  for  Beams  1" 
Wide  and  Uniformly  Loaded 


Span 

in 

feet 


Depth  in  inches 


14 


16 


22        24 


5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


530 
910 

1,450 

2,160 

3.080 

4,220 

5,620 

7,310 

9,270 

II,580 

14,240 

17,280 


l60 

270 

430 

64O 

910 

1,250 

1,660 

2,l60 

2,750 

3.430 

4,220 

5,120 

6,140 
7,290 

8,570 

10,000 


66 

no 
180 
270 

380 

530 

700 

910 

1,160 

1,450 

1,780 

2,160 

2,590 
3,070 
3,610 

4,220 
4,880 
5,6lO 
6,410 
7,290 


34 

58 

93 

140 

200 

270 

360 

470 

590 

740 

910 

1,110 

1,330 

i,58o 

1,850 

2,160 

2,500 

2,880 

3,280 

3,730 

4,220 

4,740 

5,310 

5,930 

6,590 

7,290 


20 

34 

54 

80 

no 

160 

210 

270 

340 

430 

530 

640 

770 

910 

1,070 

1,250 

i,450 

1,660 

1,900 

2,160 

2,440 

2,740 

3,070 

3,420 

3,8»0 

4,210 


12 

20 

33 

50 

71 

98 

130 

170 

220 

270 

330 

400 

480 

570 

670 

780 

910 

1,050 

1,200 

1,350 

1,540 

1,730 

1.930 

2,l60 

2,390 

2,650 


14 
23 

34 

48 

66 

88 

no 

150 

180 

220 

270 

330 

390 

450 

530 

610 

700 

800 

910 

1,030 

1,160 

1,300 

1.450 

1,610 

1,780 

1,970 

2,160 

2,370 

2,590 

2,830 

3,080 


46 

34 

61 

45 

79 

59 

IOO 

75 

130 

93 

160 

120 

190 

140 

230 

170 

270 

200 

320 

230 

370 

270 

430 

320 

490 

360 

560 

410 

640 

470 

720 

530 

810 

500 

910 

660 

1,020 

740 

1,130 

820 

1.250 

910 

1,380 

1,010 

1,520 

1,110 

1,660 

1,220 

1,820 

1.330 

1,980 

1,450 

2,l60 

i,58o 

25 

33 

43 

55 

69 

84 

100 

120 

150 

170 

200 

230 

270 

300 

350 

390 

440 

500 


20 

26 

34 

43 

53 

66 

80 

96 

no 

130 

160 

180 

210 

230 

270 

310 

340 

390 


550J430 
620  480 
680  530 
750  580 
830^40 
900  710 
990  770 
1,080  840 
i,I7o'9IO 


Since  E  varies  considerably  for  woods  of  the  same  species,  and  for 
different  degrees  of  seasoning  and  for  variations  in  moisture  content,  the  con- 
stants for  intermediate  depth  may  be  selected  by  inspection.  For  a  con- 
centrated load  at  the  middle  of  a  beam  multiply  the  value  of  C  by  1.6. 

Note. — American  Civil  Engineers'  Handbook,  John  Wiley  &  Sons  Co. 
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Table  196. — Condensed  Table  of  Strength  of  Timber  under 
Long  Column  Action 


Based  on  the  Formula  of  the  U.  S.  Department  of  Agriculture, 
Division  of  Forestry. 

P=FX       7°°  +  I5C 

700  +  15C  +  C2 

P  =  ultimate  strength  in  pounds  per  square  inch 
F  =         "      crushing  strength  of  timber 

C  =  3  in  which  /  =  length  of  column  in  inches 
a 

d  =  least  diameter  in  inches 

Safe  load  per  square  inch  on  the  basis  of  a  factor  of  safety  of 
8  is  given  below.  A  factor  of  safety  of  6  is  often  used  in  good 
practice. 


Safe  Load  in  Pounds  per  Square  Inch 


White  Oak 

and 

Long  Leaf 

Yellow  Pine 


Douglas  Fir 

and 

Short  Leaf 

Yellow  Pine 


Red  Pine,  Spruce 
Hemlock,  Cy- 
press, Chestnut 


White  Pine 
and  Cedar 


5 
10 

15 

20 
25 
30 


600 
560 
5io 

400 
35o 


55o 
500 

45o 

400 
360 
320 


480 

4So 
400 

360 
320 

280 


420 
39o 
35o 

310 

280 
250 


Note. —  -=  over  30  is  not  advised. 

d  1 
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Table   198. — Lock  Joint  Cast-iron  Culvert  Pipe 

Inside 

Thickness 
of  pipe, 
inche's 

Face  of  hub, 

Weight  per 

Length  of 

diameter,  inches 

inches 

foot,  pounds 

units,  feet 

12 

K« 

He 

60 

4 

16 

H 

H 

80 

4 

18 

% 

% 

90 

4 

24 

H% 

1He 

us 

3 

30 

*Xi 

H 

185 

3  and  5 

36 

U 

XK* 

250 

3  and  5 

42 

lH« 

»M« 

350 

4 

48 

% 

1 

450 

5 

Table     199. — Areas    and    Weights     "Armco"     Corrugatei 

Culverts 

(These  weights  are  founded  upon  careful  records  made  with  respec 

to  several  thousand  feet  of  each  diameter,  and  very  closely 

approximate  the  actual  weights.) 


Area  in 

Weight 

Weight 

Weight 

Weight 

Diameter  in 

per  foot 

per  foot 

per  foot 

per  foot 

inches 

square 
feet 

No.  16 

No.  14 

No.  12 

No.  10 

gage 

gage 

gage 

gage 

8 

0.349 

7.4 

10 

0.545 

9 

.  2 

11. 3 

12 

0.785 

10 

.8 

13.2 

15 

1 .227 

13 

.  1 

16.0 

18 

1.767 

15 

•  7 

193 

26.4 

21 

2.405 

18 

•4 

22.6 

30.9 

24 

3.142 

20 

•  7 

25-4 

34-9 

43-7 

30 

4.909 

31.9 

43-6 

54-4 

36 

7.069 

38.1 

52.0 

64.9 

42 

9.621 

44.4 

60.6 

75-6 

48 

12.566 

51.7 

70.6 

88.1 

54 

15-904 

57-9 

790 

98.6 

60 

19635 

87.5 

109. 1 

66 

23.758 

95-8 

II9- 7 

72 

28.274 

105.0 

130.2 

78 

33.183 

I4I-4 

84 

38.485 

151. 8 

Note. — The  only  safe  wj 

ty  to  determine  whether 

culvert  pip 

es  are  of  th  l 

correct  gage  an 

d  diameter  i 

s  to  w 

eigh  t 

lem. 
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►iameter,    Areas,    and    Recommended    Minimum    Gages    of 
Armco    Culverts    (with   Weights   per    Foot),   Highway 

Practice 


Nominal 
diameter 

Area  in  square 
feet 

Gage 

Weight  per  foot 

12 

0.785 

16 

10.8 

IS 

1 .227 

16 

13. 1 

18 

1.767 

16 

IS- 7 

21 

2.405 

16 

18.4 

24 

3   142 

14 

25.4 

30 

4.909 

14 

31-9 

36 

7.069 

14 

38.1 

42 

9.621 

14 

44-4 

48     ' 

12.566 

12 

70.6 

54 

15-904 

12 

79-0 

60 

19-635 

12 

87.5 

66 

23.758 

12 

95-8 

72 

28.274 

10 

130.2 

78 

33.I83 

10 

I4I-4 

84 

38.485 

10 

151. 8 

1 

Note. — For  very  severe  conditions  culverts  48"  and  larger  in  diameter  can 
!  supplied  in  8-gage  Armco  ingot  iron. 
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Table  200. — Typical  Reikforced-concrete  Pipe  Culverts 


Q  .  /        ~z— v *J 

^  ,        Singh  Track  Road Minimum!!  J         l 

V 'Double   »         -  »      l4r'      .%WI 


t1mitr)umirHir^Tm^hH^)>&{%^  j 


Ccis/?/c'/76'r^ 


,M 


I    jj      ^ 


Minimum 


'.Invert  Grade  {£% 


^"5%/?' 


Half  Section 
on  Cu  I  vert  Center  Lin? 


Well  Tamped  Backfill 

Natural  Material)    AHl,ast$  2%-„_,    ' :2j^°JlCrefQ 
j-\"'"/'f///'tf  "'"ffff""f(fff/> """"" 

BoffornX^-      ^leasW^ 
Pavement 


Plank  if 
necessary 


FIRM  SOI IS-flarfPan 
Gravel  or  Coarse  Sana, 
provided  there  is  a 
minimum  cushion  of  at 
least  12" 


CLAYOR  LOAM 

or  in  firm  soils 
where  cushion.,, 
is,  fas  than  I'd" 


UNSTABLE  SOILS 


SECTION  A-A-  Showing  Treatment  in  Different  Soils- 


11  M 


/$5\ 


V25BgBBB3gZ^B, 


^2 


-* 


TABLE  OF  DIMENSIONS  AHt> 
REINFORCEMENT  FOR  PIPE 


Table  of  D'mensfons 


D 

Inches 

L-Max. 

T 
Inches 

B-Min. 
inches 

E      ' 

Inches 

12 

4 

Z 

Viz 

"  ty 

15 

4 

2, 

2'k 

¥& 

18- 

4 

2k 

3 

3 

24 

4 

3 

3 

■  '1%  ■ 

Effective  Area  of  Circumferal 
Reinforcement 
Pc  foot  Length  of  Pipe" 

12 

0.053  Sq. Inches 

15 

0.058    n        t. 

18 

0.080    »        » 

24 

0.I2G     X         n 

Approximate  V.'eiaht  Per  Linear  Fool 

of  Pipe 

12 

90  lbs 

15 

110  v 

18 

HO    r, 

24 

260  >; 
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«-- 


Single  Track  Road  Minimum  //, 4 

Double   » 


-///Pa.  yerrierif,  /, 
Minimum  iffew'^.  W-m^ji^mjil  w^W 
ZushionQ 


Bottom 
Pavemen 


Hot  If  Section 
on  Cu  I  vert  Center  Line 

Well  Tamped  Backfill 
(Natural  Material)    fit  Leasts?    2%h., 


Minimum\  \  Invert  Grade[  x£% 


1 :3:G  Concrete 
Jacket 


Plank  it 
necessary 


FIRMSO!LS-/^/2r/7 
Orave! or  Coarse  Sana, 
provided  there  is  a 
minimum  cushion  of  at 
least  12" 


CLAYOR  LOAM 

Or  in  firm  soils 
where  cushion,, 
is  less  than  12 '" 


UNSTABLE  SOILS 


SECTION  A-A- Showing  Treatment  in  Different  Soils- 

Table  201. — Standard  Vitrified  Pipe 

Approximate  Weights,  Dimensions,  Etc.  of  Standard  Sewers 

Pipe 


Caliber,  in. 

Price  per 
foot 

Weight, 

per  foot, 

lbs. 

Depth  of 
socket,  in. 

Annular 
space,  in. 

Thick- 
ness, 
in. 

12 
15 
18 
20 
22 
24 

$i.3S 
1.80 
2.50 
300 
4.00 
4-50 

45 

60 

85 

100 

130 

140 

2V4. 

3 

3 

3>i 

H 

1 

1% 

1% 

Doubie-strength  Pipe 


Caliber,  in. 

Price  per 

Weight 

Depth  of 

Annular 

Thick- 

foot 

per  foot, 

socket,  in. 

space,  in. 

ness,  in. 

lbs. 

15 

$1.80 

75 

2K 

h 

iK 

18 

2.50 

118 

2H 

y* 

i)4 

20 

3  00 

138 

3 

H 

iH 

22 

4.00 

157 

3 

H 

iH 

24 

4.50 

190 

zM 

H 

2 
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General      Specifications,      Reinforced-concrete      Arches, 

Division  4 

Rock  or  hardpan  foundations: 

Maximum  pressure,  hardpan 6    tons  per  square  foot 

Maximum  pressure,  soft  rock 8    tons  per  square  foot 

Maximum  pressure,  hard  rock 10-20  tons  per  square  foot. 

Arches  not  recommended  on  pile  foundations  (12  ton  maximum). 
Arches  not  permitted  on  earth  foundations. 

Arches    not   permitted    with    bottom    ties    (false  arch)  for  spans 
over  10'. 

Quantity  and  Cost  Diagrams  Based  on  Following  Design 
Assumptions  (see  page  324) 

(Trial  Empirical) 

Road  grade  2.0'  above  crown  of  arch  extrados.  Crown  thickness 
not  less  than  one-sixtieth  of  span  and  varied  to  agree  approxi- 
mately with  Schwada's  formulas  for  highway  arches  (Ketchum, 
p.  417). 

Approximate  spring  thickness  of  arch  ring. 

3.0  X  crown  thickness  for  rise  ratio  of  0.125. 

2.8  X  crown  thickness  for  rise  ratio  of  0.15. 

2.5  X  crown  thickness  for  rise  ratio  of  0.25. 

Curve  of  trial  arch  axis  based  approximately  on  Cochran's 
formulas  for  filled  spandrel  arches. 

Y  =     A\L     (C2  +  24CVXH00I  and  Johnson,  p.  671). 
1  +  3r 

Final  arch  axis  to  correspond  with  dead  load  force  polygon. 

Minimum  longitudinal  arch  reinforcement  1%  at  crown. 

Transverse  reinforcement  to  take  full  thrust  of  earth  against 
spandrels  and  never  less  than  \^%  oi  section  area. 

Arch  reinforcement  symmetrical. 

Spandrel  walls  cantilever  design  (see  p.  326  and  1019). 

Stirrups  %"  circular  spaced  twice  the  depth  of  the  arch  ring  at 
crown. 

Empirical  Test  Stability  Arch  Rings. — A  good  quick  test  for  the 
stability  of  the  usual  highway  arch  ring  up  to  80'  spans,  with  rise 
ratios  of  0.15  to  0.20  where  the  arch  axis  coincides  with  the  dead 
load  force  polygon,  and  where  the  arch  ring  has  at  least  the  crown 
thickness  shown  on  page  1087  and  the  intermediate  ring  thicknesses 
are  proportioned  approximately  as  per  table  on  page  1087,  with 
symmetrical  reinforcement  equal  to  at  least  1%  of  area  at  crown,  is 
to  compute  compression  in  concrete  for  full  dead  plus  full  live  load 
at  crown  and  spring  considering  load  uniformly  distributed  over 
section.  Uniform  compression  at  crown  should  not  exceed  200  lb. 
per  square  inch  and  at  spring  120  lb.  per  square  inch.  These 
limits  will  automatically  take  care  of  distorted  live  loading,  tem- 
perature stresses,  etc. 
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This  rule  should  not  be  used  for  economic  design  but  it  affords 
1  good  quick  check  on  designs  submitted  for  approval. 

Readers  are  referred  to  Hool  and  Johnson's  "  Concrete  Engineers' 
landbook"1  for  full  details  of  Cochran's  method  of  arch  design, 
vhich  is  probably  the  best  and  most  practical  method  at  present 
n  use  (1926). 

Table  203. — Table  of  Arch  Thickness 
Cochran's  Formula 


Half  axis  divided  into 
s  x 
10  parts  V  =  — 


Thickness  in  terms  of  crown  thickness  for  differ- 
ent values  of  Us* 


Us 
2.0 


Us 

2.25 


Us 
2.50 


Us 
2-75 


Us 
3  0 


Us 
3.2s 


Crown 1 .  000 

0.055 1 .005 

0.155 1 .015 

0.255 1 .025 

0.355 1.035 

0.455 1 .048 

0.555 1.085 

0.655 1 .168 

0.755 !  I. 311 

0.855 1-547 

0.955 1.837 

i  .00  spring 2  .000 


I 

000 

I 

OOO 

1 

.004 

I 

003 

I 

.012 

I 

009 

1 

.020 

I 

015 

I 

.028 

I 

.023 

1 

.048 

I 

057 

I 

.105 

I 

•  133 

I 

.215 

I 

.260 

I 

.403 

I 

.508 

I 

.700 

I 

.862 

2 

•  055 

2 

277 

2 

.250 

2 

.500 

I  .000 
I  .002 

1 .006 
1 .010 
1 .021 
1 .070 
1. 165 
1.328 
1.625 
2.025 
2.495 
2.750 


r  .000 
1 .001 
1 .003 


005 

023 

083 

193 

385 

737 

2.185 

2.709 

3.000 


.000 

.000 

.000 

.000 

.030 

.101 

.231 

1-455 

1.865 

2.355 

2.932 

3250 


*  Us  = 


Arch  thickness  at  spring 
Arch  thickness  at  crown 


Approximate  Trial  Arch  Thickness  at  Crown  (2.0'  Fill  over 

Arch) 
Based  on  Schwada's  Rules  (Modified) 


Span,  feet 

Crown  thickness,   in  inches,  for  different 
rise  ratios 

0.10 

0.15 

0.20 

0.25 

0.30 

0.40 

20 
30 
40 
50 
60 
70 
80 
Trial  type  Us  = 

9 
10 
11 
12 

14 
16 

19 
3.25 

8 
9 
10 
11 
13 
15 
18 
3  00 

7 

9 
IO 
11 

12K 
14M 
17 
2.75 

7 

9 
IO 
11 

14 
16 
2.50 

7 
8 

10H 

12 

14 
16 
2.25 

7 

8 

9 

10 

12 

14 

16 

2.0 

Preliminary  Quantity  Estimates. — The  estimates  of  quantities 
ire  merely  arithmetical  procedure.  The  estimating  of  earth  work 
md  overhaul  has  already  been  explained  in  detail  (pp.  971  to  1004). 

1  McGraw-Hill  Book  Company,  Inc. 
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The  following  tables  provide  good  quick  checks  on  the  detail  arith 
metical  computations  of  pavements,  and  incidental  items. 

Table  163  (p.  994),  conversion  lineal  feet  to  miles. 
Table  204  (p.  1089),  square  yards  per  ioo'  and  per  mile. 
Table  205  (p.  1089),  cubic  yards  pavement  per  ioo'. 
Table  206  (p.  1090),  gallons  of  bitumen  per  ioo'  road. 
Table  207  (p.  1092),  materials  required  for  concrete. 

In  estimating  concrete  or  steel  for  culverts  and  bridges  it  generall. 
pays  to  prepare  a  table  of  quantities  for  the  different  standard  struc 
tures  of  different  lengths  which  are  sufficiently  close  for  preliminar 
estimates.  Tables  184  to  207  cover  most  incidental  elements  c 
ordinary  drainage  structures. 

On  the  completion  of  the  estimate  of  net  quantities  the  contrac 
estimate  is  prepared  and  tabulated  as  in  following  table  showin 
the  net  quantities,  contingent  allowance,  and  gross  quantity  o 
which  bids  are  taken. 


Engineer's    Approx.    Estimate    of    Quantities,    Road   502: 
County  of  Livingston 


Item 
No. 


Item 


Quantities 


Net 


Con- 
tin- 
gent 


Gross 
bid 


1 
2 
3 
7 
19 
Si 


Cleaning  and  grubbing L.  S. 

Earth  excavation,  cubic  yards 1  52,100  4,900 

Rock  excavation,  cubic  yards 100 

Pipe  underdrain,  lineal  feet |        500  2,000 

Portland  cement,  barrels 19,500  |  500 

Cement-concrete  pavement,  cubic  yards,      9,760  |  240 
etc.,  etc. 


L.  S. 
57,000 
100 

2,500 
20,000 

10,000 


Cost  estimates  are  then  prepared  (see  Chap.  XV  for  computatio 
of  unit  costs). 

Construction  Plans. — The  construction  plans  should  gi\ 
sufficient  information  to  show  the  contractor  what  he  is  expected  t 
do  and  to  enable  the  constructing  engineer  to  stake  out  and  to  buil 
the  road. 

A  finished  set  of  plans  consists  of  a  map,  profile,  and  cross-sectior 
showing  the  alignment  in  relation  to  the  preliminary  survey  lin< 
the  proposed  grade  elevations,  the  shape  of  the  finished  road,  th 
widths  and  depths  of  road  metaling,  the  crowns  to  be  used,  the  exisi 
ing  structures  and  the  proposed  structures,  and  all  the  minor  poinl 
of  design.  Each  department  has  its  own  method  of  giving  th 
information,  and  it  makes  little  difference  how  it  is  shown  so  Ion 
as   it  is  complete  and  clear.     In  general,  it  may  be  said  that  th 
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ales  used  are  the  same  as  in  mapping  the  preliminary  survey  and 
iat  the  size  of  sheets  or  rolls  must  be  convenient  to  handle  in  the 
eld;  sheets  larger  than  24  by  30"  are  clumsy. 

Miscellaneous  Information.  Railroad  Crossings. — The  special 
esign  of  grade  crossings  or  elimination  is  discussed  in  detail  in  Chap. 
X,  Part  I. 


Table  204. — Square  Yards  per  100  'and  per  Mile  for  Differ- 
ent Wldth  of  Surface 


Width 

Number  of  Sc 

[uare  Yards 

Width 

...      . 
Number  of  Square  Yards 

Feet 

Per  100  Feet 

Per  Mile 

Feet 

Per  100  Feet 

Per  Mile 

8 
10 

88.889 
III. Ill 

4,693 
5,^7 

26 
28 

2S8.889 
3XX.III 

15,253 
16,427 

12 
14 

15 

T-33-333 

I55-556 
166.667 

7,040 

8,213 
8,800 

3° 
32 
34  • 

333-333 
355-556 
377.778 

17,600 
18,773 
19,947 

16 

18 

177.778 
200.000 

9,387 
10,560 

36 
38 

400.000 
422.222 

21,120 
22,293 

20 
22 
24 

222.222 
244.444 
266.667 

n,734 
12,907 
14,080 

40 
42 
44 

444-444 
466.667 
488,889 

23,466 
24,640 
25,813 

Table  205- 
per  ioo' 


-Giving  the  Number  of  Cubic  Yards  of  Macadam 
of  Road  for  Different  Wldths  and  Depths 


Depth 

Width 

of 

Macadam 

2" 

2\" 

3" 

3a 

4" 

5' 

6* 

7' 

10'   ...  . 

6.17 

7.71 

9.26 

IO.80 

I2.34 

15-43 

18.52 

2I.6l 

12'    ...  . 

741 

9.26 

11. 11 

I2.96 

I4.82 

18.52 

22.22 

25-93 

14'    .... 

8.64 

I0.80 

12.96 

15.12 

17.28 

2I.6l 

25.92 

30.25 

15'    .... 

9.26 

11.58 

13.89 

l6.20 

18.52 

23.16 

27.78 

32.41 

16'    ...  . 

9.88 

12.35 

14.81 

17.28 

I9.76 

24.70 

29.63 

34.57 

18'    .... 

II. II 

I3.90 

16.67 

I9.44 

22.22 

27.79 

33-34 

38-89 

20'    .... 

12.35 

15-44 

18.52 

2I.6o 

24.70 

30.87 

37-04 

43-21 

22'    .... 

13-58 

16.98 

20.37 

23.76 

27.16 

33-96 

40.74 

47-53 
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Table  207. — Materials  Required  for  i  Cu.  Yd.  of  Concreti 


- 

Mixture 

Cement 

Sand 

Stone 

I-I2-3 

1-2-3 

1-2-4 

1-2^-5 

i-3~6 

i  .9  bbls. 
1-7     " 

1.5  ;; 

1.2  « 

1.0  " 

0.42  cu.  yds. 

0.52 

o-45 

O.  46 

_      it            11 
0.47 

0.  85  cu.  yds. 
0.77 

0.90  "      " 
0.92  "      " 
o.95  "      " 

The  amount  of  water  used  per  cu.  yd.  of  concrete  will  var> 
greatly.  A  plastic  mixture  usually  requires  about  30  gals,  pei 
cu.  yd.,  according  to  Baker,  40  gals,  according  to  Barnes. 

Where  boulders  are  embedded  in  the  foundations  and  sid< 
walls  of  small  culverts  similar  to  Plate  15,  less  cement,  sand,  anc 
stone  are  required ;  our  experience  with  work  of  this  kind  show; 
that  only  0.8  to  0.9  bbls.  of  cement  are  needed  per  cu.  yd.  for  tru 
total  amount  of  concrete  in  these  culverts  including  cover  an( 
parapets.  For  all  classes  of  work  where  boulders  cannot  be  em 
bedded  these  proportions  are  about  right. 


Fuller's  Rule. — An  approximate  rule  for  ready  calculation  is  ti 
one  originated  by  William  B.  Fuller,  and  is  as  follows:  Divide  1 
by  the  sum  of  the  parts  (by  volume)  of  all  the  ingredients;  tl 
quotient  is  the  number  of  barrels  of  Portland  cement  required  p< 
cubic  yard  of  concrete.  Multiplying  this  by  the  number  of  par 
of  sand  and  of  stone  will  give  the  number  of  barrels  of  each.  1 
reduce  barrels  to  cubic  yards,  multiply  by  0.14  (since  a  barr 
contains  3.8  cu.  ft.  and  there  are  27  cu.  ft.  in  a  cubic  yard). 

For  example,  suppose  it  is  wished  to  mix  a  concrete  in  the  pr< 
portion  1-3-6.     Then 

6  +  3  +  1  =  10. 

11  -5-  10  =  1.1  bbl.  of  cement  required  per  cubic  yard  of  concret 

3  X  1.1  X  0.14  =  0.462  cu.  yd.  of  sand  required  per  cub 
yard  of  concrete. 

6  X  1.1  X  0.14  =  0.924  cu.  yd.  of  crushed  stone  required  p» 
cubic  yard  of  concrete. 

Fuller's  rule  gives  slightly  more  cement  per  cubic  yard  than 
given  in  Table  207. 

Wastage. — The  quantities  given  by  this  rule  and  Table  207  a: 
net  quantities  and  do  not  allow  for  waste  in  unloading,  hauling,  et 
Wastage  of  sand  and  stone  will  amount  to  2  %  to  10  %  dependir 
on  method  of  handling. 
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able    207.4. — Amount   of   Cement   and   Sand   per   Cu.   Yd. 

or  Mortars 


Mortar  mix 

Cement,  bbls. 

Sand,  c.  y. 

1 : 1 
1:1.  5 
1 :2 

1:3 

1:4 

4-7 
3-9 
3-2 
2.4 
1.9 

6.72 
0.86 
o.9S 
1 .07 

LIS 

Right-of-way  Computations. — The  form  of  traverse  computation 
id  closure  was  shown  on  page  842. 

The  areas  of  rights  of  way  are  generally  figured  by  dividing  the 
arcel  into  rectangles,  trapezoids,  triangles,  sectors,  or  segments, 

d  figuring  these  shapes  from  the  formulas  given  on  page  1576. 
hese  areas  are  checked  by  planimeter.  They  are  usually  figured 
)  the  nearest  0.01  acre. 

The  method  of  double-meridian  distances  can,  however,  be  used 

desired.  The  following  formula  and  example  are  given  to  illus- 
ate  this  method.  It  is  not  often  necessary  and  is  a  tedious 
imputation. 

The  rule  is:  Twice  the  area  of  the  figure  is  equal  to  the  algebraic 
im  of  the  products  of  the  double-meridian  distances  of  each  course 
ultiplied  by  its  latitude,  in  which  the  double-meridian  distance 
}uals  the  sum  of  the  meridian  distances  of  the  two  ends  of  each 
>urse  referred  to  the  meridian  drawn  through  the  most  westerly 
oint  of  the  parcel,  and  the  latitude  of  each  course  is  reckoned  as 

us  if  the  course  runs  north  and  minus  if  it  runs  south.  Take 
an  example  the  right-of-way  parcel  shown  in  Fig.  276  (p.  842) 

r  which  the  traverse  has  been  figured,  and  refer  the  meridian 
[stances  to  the  meridian  drawn  through  the  corner  3.1'  distance 
om  Sta.  194  +  71.7. 
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Sample  Design  Report 
"Rush-Mendon,  Part  1,  Road  1392. 

Monroe  County,  New  York, 
Division  Engineer, 

Rochester,  N.  Y. 
"Dear  Sir: 

Find  attached  design  report,  Road  1392. 

"Considering  traffic,  soil,  and  local  material  conditions,  we  recommend  a 
16'  penetration-bituminous-macadam  pavement  varying  in  depth  from  10 
to  20"  and  averaging  11"  for  the  entire  road  with  gravel  shoulders,  6  %  maxi- 
mum grade,  301'  minimum  radius  of  curvature,  350'  minimum  sight  distance, 
24  to  32'  width  of  grading  section,  1%  to  1  slopes  and  cut  to  fill  ratios  of  1.10 
to  1.30.  A  satisfactory  pavement  of  this  character  is  estimated  to  cost 
approximately  $1.60  per  square  yard  for  construction,  3.5  cts.  per  square 
yard  per  year  for  ordinary  maintenance  and  1 1  cts.  per  square  yard  per  year 
for  renewals  over  a  long  term  of  years.  The  total  estimated  construction 
cost  is  $100,000.     The  detail  report  follows: 

Detail  Report 

'1.  Location  and  Length. — Proposed  Road  1392  extends  from  Road  1393 
to  Road  1 187.  a  distance  of  3.69  miles.  It  completes  the  east-and-west 
state  system  in  this  locality  and  gives  a  continuous  road  from  Caledonia  to 
Canandaigua  via  Scottsville.  It  is  not  likely  that  this  route  will  change  the 
volume  of  traffic  on  Route  6  (Canandaigua  to  Caledonia  via  Avon),  as 
Route  6  is  shorter,  but  it  will  serve  as  a  convenient  pass  during  times  of 
reconstruction  on  Route  6. 

"2.  Traffic  Classification. — Road  1392  is  on  the  verge  between  Classes  II 
and  III  traffic  according  to  classification  map.  It  will  probably  carry  about 
400  to  1000  vehicles  daily,  which  is  lower-limit  Class  II  or  upper-limit  Class 

"3.  Grades  and  Alignment. — The  existing  alignment  is  quite  good 
and  requires  only  minor  improvements.  The  existing  grades  are  in  the  main 
easy,  with  a  few  short  steep  grades  of  8  to  9  %.  The  new  profile,  as  a  rule, 
follows  the  existing  road  closely  with  short  grade  reductions.  The  total  rise 
and  fall  for  the  old  and  new  road  is  about  the  same.  The  proposed  grading 
will  have  some  effect  on  motor  operation  cost,  but  is  largely  useful  in  provid- 
ing a  convenient  width  for  traffic  and  a  smooth  bed  for  the  pavement.  In 
figuring  the  economic  value  of  the  improvement,  grade  reductions  can  be 
given  some  weight  for  this  road  (see  accompanying  tabulation  based  on 
Curve  1,  Fig.  2,  p.  13).  Total  grading  cost  estimated  at  $32,000.  Maxi- 
mum economic  benefit  of  grading  estimated  at  $18,000. 
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Comparison  Capitalized  Motor  Operation  Cost,  Old  and  New 

Profile 

(Based  on  Curve  1,  Fig.  2,  p.  13) 


r 

Estimated 

Old  profile 

New  profile 

Rate  of 

grade, 

per  cent 

capitalized 

cost  per  100 

vehicles  daily 

per  foot  of 

Length, 
feet 

Amount 
100  vehicles 

Length, 
feet 

Amount 
100  vehicles 

distance 

daily 

daily 

1 .0  or  less 

$  9.  10 

8,300 

$  75,430 

7,900 

$  71,890 

1. 5 

9. 12 

800 

7,296 

400 

3.648 

2.0 

9.15 

1,200 

10,980 

1,700 

15,555 

2.  2 

9.  17 

200 

1,834 

800 

7,336 

2.4 

9-ig 

500 

4.595 

700 

6,433 

2.6 

9. 21 

600 

5,526 

300 

2,763 

2.8 

9.23 

1,000 

9,230 

800 

7,384 

30 

9.25 

800 

7,400 

1,600 

14,800 

3-2 

9.28 

800 

7,424 

500 

4,640 

3-4 

9.31 

500 

4,655 

500 

4.655 

3-6 

9.34 

400 

3,736 

1,000 

9.340 

3-8 

9.37 

100 

937 

4.0 

9.40 

400 

3,76o 

700 

6,580 

4.2 

9-45 

300 

2,835 

200 

1,890 

4.4 

9-50 

400 

3-800 

400 

3,8oo 

4.6 

956 

500 

4,780 

100 

956 

4.8 

963 

200 

1,926 

200 

1,926 

5-0 

970 

300 

2,910 

100 

970 

52 

9.80 

100 

980 

100 

980 

5-4 

990 

100 

990 

5-6 

10.00 

400 

4,000 

300 

3.000 

5.8 

10.  .0 

400 

4,040 

400 

4,040 

6.0 

10.  20 

800 

8,160 

6.5 

10.  70 

7.0 

11 .  20 

100 

1,120 

7-5 

11.85 

500 

5,925 

8.0 

12.50 

300 

2,500 

8.5 

1325 

100 

1,325 

9-0 

14.00 

100 

1,400 

95 

14-75 

10. 0 

15.50 

200 

3,100 

100  vehicle 

3  daily  total 

$184,534 

$180,746 

500  vehicle 

3  daily  total 

$922,534 

$904,000 

Maximum    economic    value  of    grading    $18,000.      (922,000  —  $904,000) 
"4.  Suitable    Types   of   Pavement    (Based   on   Traffic   Classification). — 

For  lower-limit  Class  II  traffic,  either  penetration  bituminous  macadam  or 
water-bound  macadam  oiled  is  suitable  (see  Table  13,  p.  58).  Reinforced 
cement  concrete  might  be  considered  under  specially  favorable  conditions 
of  material  supply,  but  for  the  volume  of  traffic  expected  there  would 
probably  have  to  be  unusually  strong  reasons  of  expediency  to  warrant 
consideration  of  this  type.  For  comparative  estimate  purposes  the  cheapest 
possible  type  of  this  pavement  will  be  used  (see  Fig.  156,  p.  454),  l"  uniform 
depth,  1:2:4  mix,  1.7  cement  content,  50-lb.  reinforcement  per  100  sq.  ft. 
of  pavement. 

"5.  Soils. — The  subgrade  soils  are  as  follows: 
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Soil  on  Road  1392 

(Named  in  order  of  greatest  amount  of  each  first) 


Station 

Soils 

Station 

Soils 

0-     2 
2-  72 
72-106 
106-110 
110-126 
126-130 
130-142 

.... 

Muck 

Loam  gravel  sand 
Loam  gravel 
Sand  loam 
Loam  clay 
Loam  muck 
Loam  gravel 

142-154 
154-157 
157-160 
160-165 
165-172 
172-181 
181-194 

Loam  clay 
Loam  sand 
Loam  muck 
Loam  clay 
Loam  sand 
Clay  loam 
Loam  clay 

"6.  Uniform  Strength  Design  (Alternate  Pavement  Estimates). — Mac- 
adam depths  based  on  Table  153  (p.  959).  concrete  pavement  based  on 
Fig.  156  (p.  454). 


Station 

to 
station 

Soil 

Grading  conditions 

Total  pavement  depths 

Macadam, 
inches 

Concrete  1:2:4 
mix,  0.5-lb. 

reinforcement 
per  square 
foot,  inches 

0-     2 

2-  49 

49-  5i 

5i-  72 

72-  89 

89-  91 

91-106 

106-110 

110-112 

1 1 2-1 23 

123-126 

126-130 

130-142 

142-149 

149-153 

153-157 

157-160 

160-165 

165-172 

172-181 

181-194 

Muck 

Loam  gravel 
Loam  gravel 
Loam  gravel 
Loam  gravel 
Loam  gravel 
Loam  gravel 
Sand  loam 
Loam  clay 
Loam  clay 
Loam  clay 
Loam  muck 
Loam  gravel 
Loam  clay 
Loam  clay 
Loam  sand 
Loam  muck 
Loam  clay 
Loam  sand 
Clay  loam 
Loam  clay 

Gravel  fill  4' 
Light  cuts  and  fills 
Fill  2  to  4' 
Light  cuts  and  fills 
Light  cuts  and  fills 
Fill  2  to  5' 
Light  cuts  and  fills 
Light  cuts  and  fills 
Fill  2  to  4' 
Light  cuts  and  fills 
Fill  2'  deep 
Light  cuts  and  fills 
Light  cuts  and  fills 
Light  cuts  and  fills 
Fill  1.5'  deep 
Light  cuts  and  fills 
Light  cuts  and  fills 
Light  cuts  and  fills 
Light  cuts  and  fills 
Light  cuts  and  fills 
Light  cuts  and  fills 

8 
10 

9 
10 
10 

9 
10 

9 
10 
12 
II 
20 
10 
12 
II 
10 
20 
12 
IO 
13 
12 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

81 

7 

7 

7 

7 

8i 

7 

7 

7 

7 

1  12-in.  gravel  subbase  under  concrete. 

Average  depth  macadam  11".  Use  normal  10"  with  extra  subbase 
allowance. 

Note. — The  average  of  11"  is  liberal,  as  Road  502  at  east  end  of  this 
road  has  served  same  class  of  traffic  with  same  general  soil  conditions  with  a 
depth  of  9"  for  the  last  10  years  with  only  minor  area  weakness. 

"Road  502  has  a  6"  boulder  base  and  a  3"  penetration-bituminous-mac- 
adam top. 

"We  recommend  for  this  road  a  boulder  base  6M  to  16W  deep  laid  in 
layers  not  exceeding  8"  depth  filled  with  coarse  gravel  or  crushed  stone  and 
capped  with  a  zW  penetration-bituminous-macadam  top. 

"7.,  Amounts  of  Material  Required. — There  are  37,ooo  sq.  yd.  of  pavement 
on  this  road. 
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"  Macadam  type  of  pavement  will  require  approximately: 

7,800  cu.  yd.  gravel  or  boulder  foundation 

3,700  cu.  yd.  zW  top  course 
75,000  gal.  bitumen  (binder)  or 
12,000  gal.  surface  oil 

"Concrete  pavement  will  require  approximately: 

7,250  cu.  yd.  1:2:4  concrete 
12,300  bbl.  cement 
166,000  lb.  steel 
10,000  lin.  ft.  expansion  joints 
400  cu.  yd.  gravel  foundation. 

"8.  Materials  Available. — For  details,  see  Survey  Field  Book  1392.  A 
limited  supply  of  local  boulder  fence  stone  fit  for  subbase  or  crushed  bitu- 
minous macadam  top  is  available.  Unlimited  supplies  of  coarse  hard  gravel 
fit  for  subbase,  subbase  filler,  or  concrete  are  available.  Imported  materials 
can  be  unloaded  at  Rochester  Junction  or  Rush  and  delivered  with  short 
hauls.     Water  supply  abundant  year  round  from  Honeoye  Creek. 

"For  purposes  of  estimating  concrete  pavement,  use  Mead's  gravel  pit, 
Sta.  50. 

"For  purposes  of  estimating  macadam,  use  local  boulder  subbase  bottom 
entire  length  filled  with  gravel  or  local  crushed  stone  and  capped  with  3^" 
consolidated  depth  of  local  granite  top,  Stas.  o  to  100,  and  imported  lime- 
stone top,  Sta.  100  to  195.  There  are  10,000  to  12,000  cu.  yd.  of  boulder 
available,  but  in  order  to  get  this  amount  the  farmers  will  insist  on  bottoms 
being  cleaned  up,  which  will  necessitate  blasting  large  granite  boulders 
which  can  be  used  to  best  advantage  for  local  stone  top  bituminous  macadam 
type.     For  water-bound  macadam,  imported  limestone  will  have  to  be  used. 

"On  this  basis,  fair  comparative  preliminary  estimates  of  cost  are  given 
in  Art.  9.  ■  Detail  cost  figures  are  on  file  in  estimate  book  under  Road  1392. 

"9.  Comparative  Cost  Estimates. 


Type 


Cost  per  square  yard  of  pavement 


0)  v 

rt  v   <B 

<^-5 


•  —  G  tn 

|88 


l- 


>>« 


B 

C3    nl 


-Co1? 

cj   Oj   o 

£H3 


Water-bound  macadam1 
Bituminous  macadam2.  . 
Cement  concrete 


II 

Si.  50 

$0,075 

$0 . 065 

$0.  10 

II 

1 .60 

0.008 

0.035 

0.  II 

7 

2.30 

0. 115 

0.010 

0.  12 

So.  24 
0.225 
0.245 


1  Limestone  top  (oiled). 

2  Part  granite,  part  limestone  top. 

'*  Grading,  culverts,  and  incidental  items  are  estimated  at  $43,000  for  al 
types  of  pavement. 

"  Total  estimated  construction  costs  for  different  widths  of  different  type: 
are  tabulated  below: 
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Effect  of   Motor  Operation  on  Total  Cost  of 

Types  to  the  Community  (Based  on  Table,  p. 

551.  Chap.  VII) 

"For  a  volume  of  500  vehicles  daily  the  compara- 
tive total  yearly  charge  against  the  different  types 
proposed  is  as  follows: 

Water-bound  macadam. .    $0.24     +$0.01  =  $0.25 
Bituminous  macadam. . .       0.225  +     0.01  =     0.235 
Cement  concrete 0.245  +    0.00  =     0.245 

"10.  Reasonable  Maximum  Expenditure. — Rea- 
sonable expenditures  based  on  reduction  in  traffic 
operation  cost  can  be  estimated  approximately  as 
follows: 

"  Grade  reduction  value  (Art.  3  of  this  report)  is 
estimated  at  not  to  exceed  $18,000. 

"  Pavement  value  is  roughly  estimated  as  follows: 
The  old  existing  road  is  a  narrow  gravel  road  in  fairly 
good  condition;  the  new  pavement  will  not  probably 
reduce  the  cost  of  operation  over  1  ct.  per  vehicle  mile, 
but  it  will  add  materially  to  the  safety  and  convenience 
of  operation,  which  are  classed  as  intangible  benefits. 
Actual  reductions  in  operation  cost  (see  Table  7, 
p.  15)  will  not  probably  justify  construction  expend- 
itures of  over  $16,000  per  mile  for  500  vehicles  daily, 
or  a  total  of  approximately  $60,000.  The  total  max- 
imum economic  value,  including  grading  and  pave- 
ment, .does  not  probably  exceed  $75,000.  Any 
expenditure  over  this  amount  must  be  charged  to 
convenience,  pleasure,  and  other  desirable  intangible 
benefits.  This  indicates  that  caution  should  be  exer- 
cised in  running  the  cost  up  needlessly.  Article  9 
indicates  that,  in  order  not  to  exceed  the  economic 
limit,  a  10'  width  of  water-bound  macadam  is  the 
most  feasible  solution.  A  pavement  as  narrow  as  this 
is  not  in  accord  with  the  general  highway  policy, 
which  is  based  on  a  minimum  width  of  16'  on  the  score 
of  intangible  benefits.  We  therefore  recommend  the 
use  of  16'  width  of  bituminous  macadam  estimated 
to  cost  $100,000.  This  recommendation  seems  to  be 
warranted,  as  this  type  will  satisfy  traffic  demands 
without  running  the  construction  cost  up  needlessly 
and  without  increasing  the  total  final  cost  of  road, 
including  maintenance,  renewal,  and  motor  operation 
over  and  above  the  final  cost  resulting  from  the  use 
of  a  more  expensive  first-cost  pavement. 

"11.  Bridges. — There  are  no  bridges  on  this  road.1 

"12.  Railroad  Crossings. — At  Sta.  91  the  road 
crosses  the  Rochester  branch  of  the  Lehigh  Valley 
R.  R.  at  grade.  This  crossing  is  a  blind  one  and  has 
no  protection.  It  is  69  in  order  of  importance  in  this 
division  for  elimination,  which  means  it  will  not  be 
eliminated  for  a  number  of  years,  but  in  the  mean- 
time it  is  entitled  to  better  protection  than  now  exists; 
we  recommend  the  immediate  installation  of  automatic 
flash  signals  located  on  the  side  of  the  road  outside  of 
the  pavement  area.2 

(Signed) 

Designing  Engineer" 

Remarks. — For  the  interest  of  the  reader,  actual 
procedure  on  this  road  was  as  follows:  Plans  were  first 
prepared  for  cement-concrete  pavement.  Before  these 
were  let,  the  administration  changed  and  the  plans 

1  For  typical  bridge  report  see  p.  327,  Chap.  IV,  and 
p.  774,  Chap.  XII. 

2  For.  detailed  discussion  of  grade  crossings  see 
Chap.  IX. 
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were  revised  for  bituminous  macadam  7"boulderbase,3"importedslagmiddl(*J 
course,  and  2H"imported  limestone  top, engineer'sestimateofcost, $123,000. 
The  road  was  constructed  on  this  basis  for  $102,000  actual  contract  cost; 
the  pavement  proper  cost  $65,000,  or  approximately  $1.75  per  square  yard. 
This  final  solution  was  an  improvement  over  the  first  plans.  A  careful 
engineering  design  could  probably  have  decreased  the  cost  at  least  $8000 
to  $10,000  as  shown  in  the  body  of  this  report,  by  a  more  complete  utilization  I 
of  local  materials  and  more  variation  in  depth  to  meet  varying  soil  conditions 
and  a  somewhat  more  economical  grading  design.  An  automatic  signal  has 
recently  been  erected  at  the  railroad  crossing  as  recommended. 

Record  Plans  and  Maps 

No  generalization  can  be  made  as  to  records  except  that  they 
must  be  complete  and  be  kept  up  to  date. 

On  the  completion  of  construction  the  original  plans  are  amended  | 
to  show  all  construction  charges,  subgrade  soils,  depths  of  pavement  1 
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Sample  record  map,  showing  location  of  bridges,  railway  crossings 

etc. 

station  by  station,  etc.  Similar  plan  records  are  kept  for  recon- 
struction so  that  it  is  possible  to  determine  subsoil  and  pavement 
thicknesses  at  all  points. 
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Accurate  district  road  maps  giving  local  names  and  with  all  road 
ntersections  numbered  are  necessary  in  order  to  locate  structures, 
Jetours,  grade  crossings,  bridges,  etc.  by  a  definite  designation 
vvhich  can  be  easily  followed  in  correspondence.  The  accompanying 
sketch  illustrates  a  convenient  method  for  such  maps. 

Similar  maps  showing  location  and  condition  of  bridges  and  grade 
;rossings  help  materially  in  laying  out  reasonable  programs. 
Sample  map  of  this  nature  is  shown  on  page  noo. 

Map  Symbols  axd  Legends 
Bridges: 
Masonry  and  concrete: 

Ample  width  and  strength # 

Narrow  but  strong 0 

Ample  width  but  weak ^ 

Narrow  and  weak M 

Safe  load  in  tons-brackets (5T) 

Steel: 

Ample  width  and  strength © 

Narrow  but  strong ,0 

Ample  width  but  weak (& 

Narrow  and  weak & 

Safe  load  in  tons-brackets (10T) 

Wooden : 

Ample  width  and  strength ® 

Same  symbols  for  width  and  strength  as  for  other  types. 

Railroad  Crossings: 

U — Unprotected 

W. — Watchmen — no.  hours  (12) 

A.S. — Automatic  signals. 

E.G. — Elimination — good. 

E.F. — Elimination — fair. 

EJ>. — Elimination — poor. 
Location  of  Materials: 

X— Sand. 

■X — Gravel 

7^ — Stone. 

Etc. 

Sample  number  after  symbol. 

Pavements: 

Any  symbols  desired. 

On  sample  map  as  follows: 

=earth. 

■——Macadam. 
^^— Concrete. 

Explanation  of  Sample  Record  Road  Map.— The  main  value  of 
record  highway  maps  is  to  show  the  location  and  general  condition 
of  the  pavements,  bridges,  railroad  crossings,  detours,  unloading 
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points,  and  local  material  supplies.  After  the  base  map  is  prepared 
it  is  possible  by  means  of  various  symbols  and  legends  to  include 
any  class  of  information  desired. 

As  a  general  rule,  it  is  desirable  to  avoid  cluttering  the  map  up 
too  much,  which  results  in  separate  maps  for  pavement  records, 
material  supplies,  bridges,  grade  crossings,  etc.  The  sample  map 
given  includes  all  these  types  of  information  merely  to  illustrate  the 
value  of  such  maps  and  is  explained  as  follows : 

Detours. — Suppose  bridge  6  between  corners  18  and  19  is  closed  for 
repair  and  it  is  desired  to  indicate  the  detour  by  letter  or  by  tele- 
phone message.  Detour  is  as  follows  corner  18-14-15-19  by  good 
gravel  and  macadam  roads. 

Bridge  Data. — Suppose  it  is  desired  to  move  heavy  machinery; 
such  movements  can  be  routed  by  means  of  the  bridge  data  and 
corner  numbers. 

Grade-crossing  Data. — General  condition  of  territory  in  the  mattei 
of  protection  can  be  easily  visualized  by  a  map  bearing  these  data. 

Location  of  Local  Materials. — Gravel  pit  (official  sample  G-33} 
suitable  for  gravel  bottom  and  top  courses  but  unsuitable  for  con- 
crete is  located  N20  East  10. 

Requests  for  Expenditure  Authorization. — Location  of  culverts 
bridges,  etc.  can  be  easily  made  as  follows: 

Culvert  located  320'  from  corner  21  towards  corner  22. 

Rural  Directory  Location. — Corner  21  towards  22  (3-R)  meaning 
third  house  on  right  side  of  road. 

Any  number  of  other  uses  desired. 

THE  LOCATION  OF  NEW  ROADS 

Detail  instructions  compiled  by  the  author  for  drafting-roon 
procedure  in  connection  with  the  design  of  mountain  roads. 

Notes  for  Designers  on  the  Preparation  of  Plans 

In  the  preparation  of  plans,  the  quickest  and  easiest  method 
which  will  be  sufficiently  accurate  for  the  purpose  should  be  used. 

In  this  connection,  it  should  be  borne  in  mind  that,  as  a   rule  j 
graphic  methods  are  to  be  preferred  to  computations  wherever  sucl 
methods  are  sufficiently  accurate.     This  will  probably  occur  in  nin« 
cases  out  of  ten. 

Considering  the  methods  which  will  be  employed  in  constructinj 
mountain  roads  and  in  staking  them  out  for  construction,  localize< 
errors  in  paper  locations  are  not  important  factors  in  determininj 
the  value  of  the  design. 

A  localized  error  in  length  of  1  or  even  2'  per  100'  on  one  curv 
will  not  materially  affect  the  accuracy  of  the  layout  or  the  quantity 
of  excavation,  particularly  as  these  errors  tend  to  balance  and  the; 
are  never  cumulative. 

A  localized  error  of  0.1  or  even  0.2'  on  the  profile  grade  line  wil 
not  destroy  the  value  of  the  plans  or  the  value  of  the  estimate,  a 
it  is  not  cumulative. 
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Careful  graphic  methods  will  not  exceed  these  limits  and  the 
average  error  should  be  well  within  the  necessary  accuracy. 

A  sample  sheet  of  plan  and  profile  using  graphic  methods  is 
attached  (see  p.  1 106).  This  shows  a  uniform  method  of  procedure 
which  is  to  be  followed  wherever,  according  to  best  judgment,  the 
method  can  be  used. 


Instructions  for  Drafting  Room 

It  is  necessary  in  drafting-room  work  to  keep  all  records  and 
computations  in  as  neat  and  orderly  condition  as  possible. 

Have  on  your  desk  only  as  much  material  as  you  need  for  the 
work  you  are  doing.     Keep  the  rest  in  the  files. 

At  night  clean  off  the  tables  completely  and  place  your  Working 
material  either  in  your  table  drawers  or  in  the  files.  Cover  tables 
with  cover. 

All  computations  and  maps  must  be  marked  plainly  with  the 
name  of  the  job. 

All  office  computations  which  will  become  part  of  the  permanent 
records  are  to  be  made  on  the  forms  provided  or  on  letter-sized 
sheets. 

The  designing  chief  for  each  project  will  be  responsible  for  the 
following  notations  on  all  records : 

Name  of  job  on  each  separate  sheet  or  roll  of  computations  and 
plans 

Name  of  computer  on  each  sheet. 

Name  of  checker  on  each  sheet. 

The  methods  employed  in  all  work  should  be  shown  in  enough 
detail  to  make  it  possible  for  anyone  to  check  the  results. 

Drafting -room  Supplies 

Tracing  cloth,  plain,  25"  wide 1.7  yd.  per  mile 

Detail  paper  (36"  wide)   (1  lb.  =  8'  of  36"  paper)   H  lb.  per  mile 
Cross-section  paper  (opaque)  (used  for  profiles)  22"  wide 

1.7  yd.  per  mile 

Transparent  cross-section  paper  (22"  wide) 6      yd.  per  mile 

Cross-section  sheets  (18  by  24") 12  sheets  per  mile 

Cost  per  mile,  office  supplies,  li.so.1 

Detail  Instructions,  Mountain  Road  Design 

These  instructions  have  been  prepared  in  detail,  as  many  of  the 
men  have  no  idea  of  the  order  of  work  or  reasonable  speeds  on  the 
various  parts  of  the  design  and  in  many  cases  they  waste  time  by 
needless  work  on  the  rough  plans.  The  cost  of  design  work  is  often 
high  on  account  of  the  inexperience  of  the  force.  By  a  careful  study 
of  these  instructions  some  improvement  in  speed  and  cost  should 
be  obtained. 

1  1918  scale  of  costs. 
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Speed  of  Work. — The  following  list  of  reasonable  speed  is  based 
on  a  7-hr.  working  day  for  the  average  man.  If  you  are  not  equal- 
ing this  rate  ask  the  chief  draftsman  to  see  if  he  can  help  you  find 
the  cause. 

General  Speed. — Two  miles  per  month  per  man  of  completed 
plans  when  men  are  experienced. 

About  1 34  miles  per  month  per  man  when  force  is  not  used  to 
rqad  design. 

Table  208. — Detail  Reasonable  Speed 

Approximate 
Division  Miles  per  Day 

of  Work  per  Man 

1.  (a)  Plotting,  checking,  and  inking  base  line 

and  plotting  topography 1.5 

l(b)  Base-line  profile  complete 3.0 

Computing  and  checking  cross-section  notes, 

140  sections  approx.,  per  day  per  man.  .  1.5 

x(c)  Plotting  and  checking  cross-sections 1 .  o 

(d)  Inking  cross-sections 1.5 

2.  (a)  Trial  grade  line 7.0 

*(&)  Projecting  grade  contour  on  map 1.5 

(c)  Projecting  final  center  line 1 .  o 

3.  x(a)  New  center-line  profile 1 .  o 

1(6)  Balanced  section  profile 1.5 

(c)  Trial  final  grade  based  on  balanced  profile  1 . 5 

(d)  Drawing  templets  on  sections 2.0 

(e)  Planimeter  sections  and  compute  quanti- 

ties    0.8 

x(/)  Determine  final  grade  line  and  balance 

quantities 0.4 

(g)  Ink  final  grade  line 7.0 

4.  (a)  Compiling  estimate 2.0 

5.  (a)  Tracing  plans 0.6 

1  Indicates  work  that  can  be  done  to  advantage  by  two  men  working 
together. 

Reasonable  Cost 

General  Cost     "1  $40  to  $50  per  mile  with  experienced  men 
Completed  Plans  /  $80  to  $100  per  mile  with  inexperienced  men 

Detail  Costs 
Based  on  the  following  wages: 

Designer $150  per  month 

Draftsman no  per  month 

Tracers 90  per  month 

Computers 80  per  month 
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191 7    Scale    of    Costs.     Costs   in   1926   about   80%  Higher 

Than  191 7 

Cost 
per  Mile 

1.  (a)  Detailed  paper  map $  2 .  50 

(6)  Base-line  profile 1 .  00 

Computing  sections 2 .  00 

(c)  Plotting  and  checking  cross-sections 3 .  00 

(d)  Inking  cross-sections 2 .  00 

2.  (a)  Laying  trial  grade 1 . 00 

(b)  Projecting  grade  contour 3 .  00 

(c)  Projecting  final  center  line 8. 00 

3.  (a)  New  center-line  profile 3 .  50 

(b)  Balanced  section  profile 4. 00 

(c)  Trial  final  grade  based  on  balanced  profile 4 .  00 

(d)  Templets  drawn  on 3 .  00 

(e)  Planimeter  and  computation  of  quantities 4.00 

(f)  Determine  final  grade  line  and  balance  quanti- 

ties   10.00 

(g)  Ink  in  final  grade  line .50 

4.  (a)  Compile  estimate 3 .  00 

5.  (a)  Trace  plans 5 . 00 


Total $59. 50 

Stadia  Surveys 

(Reasonable  speeds) 

Field  work 400  to  600  shots  per  day  (three-man  party) 

Office  work: 

Reducing  and  checking  shots 350  shots  (two  men) 

Plotting  shots 500  shots  (two  men) 

Detail  Office  Design,  Manipulation 

General  Note. — Get  all  information  on  rough  plans  and  profiles 
needed  by  the  tracer,  but  do  not  ink  anything  not  likely  to  be  erased 
during  the  design  and  do  not  attempt  to  print  notes,  etc.  A  great 
deal  of  time  is  being  wasted  every  day  by  unnecessary  work  on  the 
rough  plans.  It  is  appreciated  that  good  work  has  been  done,  but 
further  improvement  can  be  made. 

Be  careful  to  mark  the  name  of  the  road  on  all  rolls,  sheets,  etc., 
before  starting  work. 

It  is  not  expected  that  these  instructions  will  be  followed 
absolutely,  but  the  system  outlined  has  been  proved  in  practice 
and  it  is  expected  that  you  will  follow  the  principles,  give  the 
information  called  for,  and  that  you  will  eliminate  useless  work. 

1.  Preliminary  Work.  a.  Map. — (See  sample  map.  One  man 
working  alone.) 

The  map  is  drawn  on  a  roll  of  detail  paper  18"  wide. 
Scale  1"  =  100'.     In  exceptionally  hard  locations  use  1"  =  50', 

Order  of  Work. — (1)  Plot  base  line  in  pencil  (6H)  using  vernier 
protractor  or  tangent  method  in  plotting  angles  and  careful  scaling 
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for  distances  between  transit  points.     Plot  bearing  of  each  course 
from  north  line  drawn  through  each  transit  point. 

(2)  Check  this  plotting. 

(3)  Ink  in  the  base  line  with  a  fine,  solid  black  line  and  mark  the 
transit  points  with  small  circles. 

(4)  Mark  the  even  stations  with  a  short  ink  dash  and  number 
every  fifth  station  in  black  ink.  Mark  station  of  transit  points  in 
black  ink. 

(5)  Mark  true  bearing  or  azimuth  on  each  course  in  black  ink 
and  check. 

(6)  Show  the  location  of  each  cross-section  by  a  fine  red-ink  line 
extending  far  enough  from  the  base  line  to  reach  any  center  line 
shift  and  check.  Do  this  work  very  carefully  as  your  center- 
line  distances  will  be  affected. 

(7)  Plot  topography  in  pencil  (4H)  making  the  lines  heavy  and 
firm  so  it  can  be  easily  traced  without  inking.  DO  NOT  INK. 
Write  all  notes,  property  names,  etc.,  in  large  plain  longhand. 
DO  NOT  PRINT.  Use  4H  pencil  with  a  blunt  point  so  tracer 
can  read  easily. 

b.  Base-line  Profile. — (See  sample  profile.) 

Use  heavy  white  paper  roll  22"  wide  ruled  in  squares  10  to  the 
inch. 

Scales. — Use  1"  =  ioo'  horizontal  or  1"  =  50'  horizontal  to 
agree  with  the  map  scale.     Use  1"  =  io'  vertical. 

Order  of  Work. — (1)  One  man  mark  even  stations  in  pencil 
along  upper  margin.  Use  4H  pencil  with  blunt  point  and  make  the 
figures  large  and  distinct,  but  don't  be  fussy. 

(2)  (Two  men.)  One  man  calling  from  notes.  Other  man  write 
in  pencil  on  profile  the  elevations  of  base  line  at  even  stations  and 
pluses. 

Record  these  elevations  in  tens,  units,  and  tenths.  Do  not 
record  hundreds  and  thousands.  These  can  be  easily  determined 
by  the  datum  on  the  profile  and  their  omission  saves  time. 

Also,  write  pluses  of  stationing  on  margin.  Use  4H  pencil, 
large  plain  figures,  but  do  not  be  fussy.     Check  back  these  figures. 

(3)  (One  man.)  Plot  profile  points  by  referring  to  elevations 
marked  in  pencil.  If  reasonable  care  is  taken  in  plotting,  this  need 
not  be  checked. 

(4)  Ink  in  ground  line  with  light,  firm  black-ink  line. 

c.  Cross-sections. — (See  sample  sheet.) 

Plot  on  transparent  cross-section  paper  cut  in  sheets  22  by  36" 
and  ruled  1"  =  10  parts  or  1"  =  5  parts  heavy  and  5  subdivisions 
lighter. 

Scale. — Use  1"  =  5'  except  for  exceptionally  heavy  work  when 
1"  =  10'  may  be  used. 

Elevations. — Points  must  be  plotted  by  their  absolute  elevation 
referred  to  the  datum  used  for  the  bench  levels.  The  heavy  lines 
outlining  each  square  inch  must  be  used  as  an  even  5  or  10'  of 
absolute  elevation. 

Order  of  Work. — (Two  men  work  together.)  (1)  Mark  base- 
line verticals  and  use  same  vertical  for  all  sections  in  each  row. 
Generally  two  rows  of  sections  can  be  placed  on  each  sheet. 
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Line. 
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COLORS    FOR   TRACING. 

SHOW IH BLUE: ■ 

Rivers,Streams,Etc.. 

SHOWIH  BLACK:  _  . 

■  Topography  and  existing  Structures, 

Boundaries,  Base  Line  of  Survey  and  all 
Lines,  Letters  and  Figures  relating  to 
these.  Also  Bench Harks,Titles,TSbles, 
Subscriptions,  North  Points, Etc. 

— —— - "~  Center  Line  ,MeworadeLme,Hew 

Structures  and  all  Lines, L  etters  and 
Figures  relating  to  these. 
NOTE'  Fbrthe  above  Colors  use  Prussian 
Blue,  Black  India  Ink  and  thick 
Waters-color  Vermilion. 
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(2)  Plot  ground-line  section  points  by  dot  surrounded  by  small 
circle  and  write  in  pencil,  vertically,  on  the  base  line  the  elevation 
of  the  ground  at  the  base  line.  Write  on  the  right-hand  margin 
directly  opposite  and  level  with  the  intersection  of  the  ground  line 
and  base  line,  the  base-line  station  and  note  it  as  B.  L.  Sta.  123  + 
20. 
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Fig.  323. 


(3)  Check  all  operations  of  plotting  and  recording  by  reading 
back  from  the  actual  plotted  elevations.  No  corrections  need  be 
made  for  errors  of  0.1'.  Correct  for  any  larger  errors.  It  is 
extremely  important  that  the  cross-sections  be  accurately  plotted 
nd  carefully  checked,  as  the  design  depends  more  on  this  phase 
of  the  work  than  on  any  other  part. 

Elevation  and  distances  farther  than  40'  from  B.  L.  should  be 

.,      .      37-6  Elev. 
written  in  pencil,  viz..  - —  ~.  , 
45    Dist. 
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d.  Inking  Cross-sections. — (One  man.)  Ink  in  checked  pencil 
cross-sections. 

Use  firm,  moderately  heavy  line  (black  ink)  for  the  ground  line. 

Use  large  black-ink  heavy-line  letters  and  figures  in  marking 
base-line  elevations  and  station  numbers. 

Note. — The  cross-sections  must  be  inked  before  they  are  used 
in  the  design. 

3.  Grade-line  Design,  a.  Trial  Grade  Line. — (One  man,  the 
designer.) 

On  the  base-line  profile  draw  on  a  trial  grade  in  pencil  (6H), 
using  fairly  long  straight  grades  and  cutting  every  bump  and  filling 
every  hollow. 

Remember  that  the  object  of  the  trial  grade  is  to  smooth  out  the  profile 
on  side-hill  work  by  center-line  shift.  It  is  fundamentally  different 
from  the  final  grade  line  which  endeavors  to  follow  the  new  center-line 
profile  as  closely  as  possible. 

b.  Projecting  Grade  Contour  on  Map. — (Two  men.)  The  grade 
contour  should  only  be  determined  on  side-hill  work  where  the 
center  line  can  be  shifted  to  advantage.  Designers  are  cautioned 
not  to  use  the  grade  contour  method  in  flat  or  rolling  country.  Never 
destroy  good  alignment  in  easy  country.  It  is  preferable  to  use  an 
undulating  grade. 

Order  of  Work. — 1.  On  each  cross-section  determine  the  distance 
right  or  left  of  the  base  line  where  the  trial  grade-line  elevation 
for  that  particular  section  hits  the  ground  line.  Locate  this  by 
means  of  the  absolute  elevation  of  trial  grade  determined  graphi- 
cally from  the  grade  profile. 

Do  not  determine  this  point  by  the  method  of  base-line  profile, 
cut  or  fill  as  this  latter  method  introduces  more  chance  of  error. 

(2)  Note  the  location  of  these  points  by  a  light  pencil  vertical 
dash  and  write  in  pencil  lightly  the  number  of  feet  from  the  base 
line. 

(3)  Check  this  work. 

(4)  Plot  these  points  on  the  detail  map  and  mark  them  by  a 
pin  hole  surrounded  by  a  small  red-ink  circle. 

(5)  Check  this  plotting. 

c.  Projecting  Final  Center  Line. — (One  man,  designer.)  (1) 
Draw  on  map  the  proposed  center  line  in  pencil  (6H),  following 
as  closely  as  possible  the  grade  contour  marked  with  the  red  circles, 
considering  the  limitations  of  alignment  imposed  by  reasonable 
engineering  considerations  and  the  type  of  road  desired.  This 
work  should  be  very  carefully  studied  and  is  a  slow  operation. 
The  curves  should  be  drawn  with  the  standard  office  curves  or 
compass  and  their  radii  noted  in  pencil.  The  approximate  loca- 
tions of  the  P.  C.'s  and  P.  T.'s  should  be  shown  by  short  pencil 
lines  perpendicular  to  the  tangent.  If  possible,  short  tangents 
should  separate  curves,  but  this  limitation  must  be  used  with  judg- 
ment and  is  not  intended  to  apply  to  extremely  difficult  or  costly 
locations. 

Make  this  projection  with  sufficient  care  so  that  the  center  line 
is  practically  settled  on  at  this  point  of  the  design.  This  is 
important. 
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(2)  Mark  the  even  stations  on  the  new  center  line  continuously 
by  scaling.  Use  a  standard  scale  on  the  tangents  and  the  stepping 
method  with  dividers  on  curves.  Check  this.  Do  not  use  the 
stepping  method  on  tangents,  as  it  generally  introduces  a  cumulative 
error.     Number  every  fifth  station  plainly  in  large  figures. 

(3)  Mark  lightly  in  pencil  the  new  center-line  stationing  where 
each  base-line  cross-section  line  previously  drawn  in  red  on  the 
map  intersects  the  new  center  line.     Check  this. 

(4)  Mark  lightly  in  pencil  at  each  of  these  cross-sections  the 
distance  from  the  new  center  line  to  the  base  line  and  check  this. 
You  are  now  ready  to  transfer  the  location  of  the  final  center  line 
to  the  cross-sections  and  plot  the  final  center-line  profile. 

3.  a.  New  Center-line  Profile.  (Two  men.)  Order  of  Work. — 
(1)  Mark  on  cross-sections  with  a  short  vertical  distinct  pencil 
arrow  the  location  of  the  adopted  center  line  determined  by  the 
previously  scaled  and  noted  offset  marked  on  the  plan.  Check 
them. 

(2)  Directly  under  the  noted  base-line  station  on  the  right-hand 
margin  of  the  cross-section  sheet  write  in  pencil  the  new  center- 
line  station  for  each  corresponding  base-line  station  as  previously 
determined  and  shown  on  the  map.     Check  this. 

(3)  Mark  in  pencil  the  absolute  elevation  of  the  ground  at  the 
new  center  line.     Check  this. 

(4)  Plot  the  true  center-line  profile,  using  the  true  center-line 
horizontal  distances  and  stationing,  the  true  center-line  ground 
elevations  as  shown  on  the  cross-sections  and  showing  (as  per 
sample  profile)   the  equivalent  B.  L.  stationing  at  each  section. 

Use  the  same  manipulation  methods  as  regards  pencil  and  ink  as 
described  for  base-line  profile. 

b.  Balanced  Section  Profile. — (Made  by  designer  and  one  helper.) 

Note. — At  this  point  eliminate  from  all  further  consideration 
the  base-line  profile  and  trial  grade.  A  great  many  men  attempt 
to  make  the  final  grade  similar  to  the  trial  grade,  which  is 
absolutely  the  wrong  principle,  except  where  a  ruling  grade  governs. 

Order  of  Work. — (1)  Select  the  templet  suitable  to  the  cross-section 
under  investigation. 

(2)  Shift  this  templet  up  and  down  (with  the  center  line  always 
coinciding  with  the  final  center-line  location  previously  marked  on 
the  cross-section)  till  it  reaches  a  point  where  by  inspection  you 
judge  that  the  cut  area  will  make  the  fill  area  as  shown.  Mark 
the  center-line  elevation  of  the  templet  lightly  in  pencil  with  a  short 
horizontal  dash  and  write  lightly  the  absolute  elevation  of  this  dash. 

(3)  Plot  the  center-line  elevations  of  these  balanced  templets 
on  the  new  center-line  profile  for  each  section  by  a  pencil  dash,  using 
the  absolute  elevation  previously  determined.  Do  not  plot  by  plus 
or  minus  from  the  ground  line,  as  this  introduces  more  chance  of  error. 

(4)  Check  this  plotting  very  carefully. 

(5)  Ink  the  short  dashes  with  red  ink  but  do  not  connect  these 
points. 

Note. — This  portion  of  the  work  is  very  important,  particularly 
on  a  fairly  uniform  profile.  By  the  use  of  these  balanced  templet 
elevations  the  final  grade  can  generally  be  balanced  with  less  work, 
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shorter  hauls,  and  from  10  to  30%  less  excavation  than  if  a  hit-or- 
miss  method  based  on  ground  line  is  used.  The  value  of  this  part 
of  the  design  cannot  be  over-emphasized.  On  an  extremely  rough 
profile  requiring  a  succession  of  heavy  cuts  and  fills  it  is  not 
applicable  nor  advised. 

c.  Trial  Final  Grade  Based  on  Balanced  Templet  Elevation. — 
(Designer  must  do  this  personally.) 

Order  of  Work. — (1)  Lay  grade  line  on  center-line  profile  (in  fine 
pencil  6H)  following  as  nearly  as  possible  the  balanced  elevations 
shown  by  the  red  dashes  previously  plotted  on  the  profile. 

Except  where  a  ruling  grade  is  encountered  or  where  a  tangent 
grade  will  hit  the  majority  of  the  indicated  balanced  elevations,  a 
rolling  grade  is  to  be  preferred.  This  can  be  laid  out  most  econom- 
ically by  a  succession  of  vertical  curves  selected  to  fit  the  conditions. 
These  curves  are  drawn  on  the  profile  by  the  standard  office  railroad 
curve  templets  and  the  radius  noted.  There  is  no  necessity  of 
drawing  the  tangent  grades  to  intersection,  as  all  the  elevations  on 
the  vertical  curves  can  be  determined  graphically.  The  tangent 
rates  of  grade  should  be  laid  out  to  some  even  tenth  and  figured 
between  the  ends  of  the  vertical  curves. 

(2)  Determine  elevations  of  grade  line  at  each  point  where  a 
section  occurs  and  write  this  elevation  in  heavy  pencil  above  the 
grade  line.  Do  not  record  hundreds  or  thousands  in  these  eleva- 
tions. Determine  these  elevations  graphically  on  vertical  curves 
and  by  figuring  on  tangent  grades. 

(3)  Check  these  elevations. 

(4)  Transfer  each  elevation  to  the  cross-sections  by  recording  it  in 
pencil  directly  under  the  center-line  stationing  on  the  right-hand 
margin  of  the  sheet.     Check  this  transfer. 

d.  Drawing  in  Templets. — (Designer  should  do  this.) 

Note. — This  work  should  be  done  by  the  designer,  as  considerable 
judgment  must  be  exercised  in  the  selection  and  variation  of  the 
standard  sections. 

Order  of  Work. — (1)  Draw  in  proper  templet  making  its  center-line 
elevation  agree  with  grade  elevation  previously  recorded  under  the 
station  number.  Use  a  4H  pencil  with  a  fine  point,  as  many  of  these 
templets  will  have  to  be  changed  before  the  design  is  accepted. 

e.  Planimetering  Areas.  Methods. — Various  methods  can  be 
used,  depending  on  the  kind  of  planimeter.  So  long  as  care  is  taken 
and  a  double  run  is  made  to  check  the  initial  run  any  desired  method 
will  be  satisfactory. 

With  a  fixed-arm  planimeter  reading  directly  to  square  inches  a 
double  run  divided  by  8  is  the  usual  practice  for  a  5'  scale. 

With  an  adjustable-arm  planimeter  it  can  be  set  to  read  square 
feet  directly  on  the  second  run  or  can  be  set  to  read  cubic  yards  per 
100'  directly.     The  last  method  is  a  great  time  saver. 

Order  of  Work. — (1)  Check  the  correctness  of  templet  plotting  by 
comparing  templet  elevation  with  grade  elevation  marked  on  the 
margin.  The  planimeter  man  is  responsible  for  checking  the  templet 
plotting. 

(2)  Test  planimeter  before  using  and  at  frequent  intervals  to 
see  it  is  recording  correctly. 
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(3)  Planimeter  the  areas  checking  by  a  double  run. 

(4)  Record  the  areas  of  cut  and  fill  in  pencil  at  the  right  of  the 
sections  to  nearest  foot  as  C  =  21 

F  =  20. 

Computation  of  Grading  Quantities.  Order  of  Work. — (1)  (Two 
men.)  Transfer  center-line  stationing  and  areas  for  each  cross- 
section  to  the  standard  computation  sheets.     Check  this  transfer. 

(2)  (One  man.)  Compute  quantities.  If  areas  are  in  square 
feet  compute  quantities  in  cubic  feet.  This  is  an  order;  no  discretion 
is  allowed.  ■  The  reason  this  is  specified  is  because  it  has  been  deter- 
mined from  practice  that  it  is  quicker  and  more  accurate.  The  more 
or  less  prevalent  method  of  computing  each  quantity  in  yards 
will  not  be  allowed.  The  use  of  cubic  feet  keeps  all  work  in  full 
units  and  eliminates  90%  of  the  transfers,  feet  to  yards.  From 
checking  it  has  been  proved  that  too  many  mistakes  are  made  in  the 
decimal  point  on  detail  yardage  quantities. 

(3)  Check  Detail  Computations. — This  means  check  every  phase 
of  the  computations,  distances  between  sections,  extensions,  addi- 
tions, etc. 

/.  Balancing  Final  Grade  Line. — (Designer  and  one  helper.) 
This  portion  of  the  design  is  very  slow  and  requires  more  judg- 
ment than  any  other  feature. 

(1)  It  is  desirable  to  balance  in  as  short  sections  as  possible,  as 
this  results  in  cheaper  excavation  methods.  A  continuous  balance 
means  plow  and  road  machine  turnpiking,  which  is  very  cheap. 

Short  balances  mean  scraper  longitudinal  haul  and  machine  finish, 
which  is  moderately  cheap. 
Long  balances  mean  wagon  haul,  which  is  expensive. 

(2)  It  is  desirable  to  balance  with  a  downhill  haul  on  noticeable 
grades. 

(3)  It  is  desirable  to  proportion  the  cut  to  fill  so  that  dirt  is  not 
wasted. 

This  last  is  entirely  a  matter  of  judgment. 

If  the  ground  is  bare  and  classed  as  common  the  following  ratios 
will  not  be  far  out: 

Volume  of 

Excavation  Ratio  Cut 

per  Station  to  Fill 

30-50  yd , , 1.30:1.25 

60-100  yd 1 .  25: 1. 18 

Above  100  yd 1 .  15 : 1 .  10 

If  the  ground  has  a  thick  carpet  of  humus  or  a  heavy  stand  of 
large  trees  the  grading  conditions  cannot  be  definitely  determined 
until  the  clearing  and  grubbing  are  completed.  In  such  a  case  the 
grade  line  should  be  noted  as  tentative  and  the  resident  engineer 
on  construction  will  have  to  recross-section  and  redesign  the  grade 
after  the  mold  and  stumps  are  removed.  The  quantities  in  such 
a  case  can  only  be  approximated  and  should  be  made  on  the  safe 
side. 


1 1 12  OFFICE  DATA 

(4)  In  balancing  quantities  it  is  usually  desirable  to  reduce  the 
larger  quantity. 

(5)  It  is  often  cheaper  and  more  desirable  to  waste  at  places  and 
borrow  at  others.  This  should  be  borne  in  mind.  The  ratio  of 
borrow  excavation  from  pits  to  borrow  fill  is  generally  taken  at  1.10. 

(6)  In  considering  rock  cuts  and  fills  use  Trautwines'  figures — 
1  cu.  yd.  solid  rock  makes  approximately  1.7  cu.  yd.  rock  fill. 
Where  the  fill  is  a  mixture  of  earth  and  rock,  1  cu.  yd.  rock  will 
make  1  cu.  yd.  of  fill.  The  order  of  work  and  detail  manipulation 
for  the  portions  of  the  grade  line  that  have  to  be  changed  to  accom- 
plish a  balance  are  the  same  as  for  the  original  grade  line. 

g.  Inking  Final  Grade. — After  the  grade  line  is  balanced,  ink 
it  in  with  red  ink  on  the  profile  so  it  can  be  easily  traced. 

4.  Estimate. — (Designer.) 

(1)  Drainage. — From  survey  notes  locate  culverts  on  profile  and 
draw  them  on  the  proper  cross-section  to  determine  length  and 
invert  elevations  and  outlet  ditches  if  necessary.  Do  this  work  in 
pencil.     Make  notes  clear  and  complete. 

(2)  Bridges. — Use  standard  designs  up  to  25';  above  that  have 
design  made  by  department  bridge  designer. 

(3)  Compilation. — Compile  data  on  forms  provided,  using  center- 
line  station  to  locate  all  structures  quantities,  etc. 

(4)  Unit  costs  will  be  determined  by  the  office  engineer  in  charge 
of  the  drafting  room  and  reviewed  by  the  district  engineer. 

(5)  Check  all  operations. 

5.  a.  Tracing  Plans. 
Size  of  Sheets: 

Outside  22"  by  36" 
Border    %"  top,  bottom,  and  right. 
2"  binding  edge  on  left. 

All  work  in  black  ink. 

Make  heavy  and  plain. 

Lay  out  as  per  sample  sheet. 

Check  all  tracing. 

b.  Finishing  Cross-section  Sheets. — Do  not  ink  in  final  grade, 
templets,  or  center-line  ground  elevation  till  contract  is  let  and 
cross-section  blueprints  are  needed  in  the  field.  This  delay  is 
advisable,  as  it  is  often  necessary  to  revise  even  after  the  original 
design  has  been  accepted. 

Explanation  of  Table  of  Relative  Weights  of  Office  Design 

To  obtain  the  equivalent  mileage  of  completed  office  design 
multiply  the  actual  mileage  complete  to  date  of  each  subdivision 
of  the  work  by  the  percentage  shown.  Add  all  these  products 
which  will  give  you  the  total  equivalent  mileage  of  completed 
design. 

Example. — Suppose  at  the  time  a  report  is  due  you  have  10  miles 
of  map  completed,  20  miles  of  base  line  done,  and  5  miles  of  cross- 
sections  plotted,  checked,  and  inked. 
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1 1 14  OFFICE  DATA 

This  work  will  be  equivalent  to  the  following  mileage  of  complete 
office  design: 

Item  Miles 

i.  (a)  Map  i o  miles  X  5% 0.50 

1.   (b)   Base-line  profile  20  miles  X  2% 0.40 

1.    (c)  Cross-sections  plotted  and  checked  5  miles  X  10%  0.50 
1.  (d)   Cross-section  inked  5  miles  X  4% o.  20 

Equivalent  miles  total  completed  plans  1 .  60 

Suppose  the  project  is  20  miles  long. 

The  per  cent  completion  office  design  is  1.6/20  =  8%  complete. 

Basis  of  Table  of  Relative  Weights  Office  Design.  General 
Speed. — Two  miles  per  month  per  man  of  completed  plans  when 
men  are  experienced. 

About  i}£  miles  per  month  per  man  when  force  is  not  used  to 
road  design. 

Assumed  Speed  per  Man  per  Day  on  Various  Divisions  of 

Work 
Miles 


I. 

(a)   i-5 

Detail  map 

* 

(b)  3.0 

Ba.se-line  profile 

* 

(c)   1.0 

Cross-sections  plotting  and  checking 

id)   1.5 

Inking  cross-sections 

2 

(a)   7.0 

Trial  grade 

* 

(b)  1. 5 

Grade  contour 

(c)  0.8 

Center-line  projection 

*3- 

(a)  1.0 

Center-line  profile 

* 

(b)  1.5 

Balanced  section  profile 

(c)  1.5 

Final  grade  line 

(d)  2.0 

Templets 

(e)  0.8 

Planimeter  and  quantities 

(/)  0.4 

Balance  quantities 

(s)  7-o 

Ink  final  grade  line 

4- 

2.0 

Compiling  estimate 

5- 

0.7 

Tracing  plans 

♦Indicates  work  that  can  be  done  better  by  two  men  working  together  which 
will  result  in  twice  speed  shown. 
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SAMPLE  ESTIMATE  FORMS 

ESTIMATE    SHEET  ( LETTER  siZEj' 

Date                                                           Checked  bv 

GENERAL  SUMMARY 

ITEM 

QUANTITY 

UNIT 

PRICE 

ESTIMATED  COST 

$ 

1 

1 

i 

i 

J — ! 

Length miles 

Cost -per  mile,_        _      .   _ 

Total  cost  0 
+  1055  for  Ea 

Case  to  dats 

Snun 

Amitapiia'ti 

E  Item; 
g.  A'iv. 
for 
eya  Sc 

8. 

Pi! 

Jen 

,ns  = 

;= 

= 

SHEET      NO, 


ESTIMATE    SHEET 

ioad Computed  by- 
Date Checked  by-  - 


SUMMARY  CLEARING  &  GRUBBING 

STATION  TO  STATION 

LENGTH 

z 

a 

ACRES 

CLASSIFICATION 

PRICE 
PER 
ACRE 

ESTIMATED  COST 

n 

1 

Totals 

Aver 

age 

Unit 

Price  per  Acre 

- 

iii6 
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8HEET  NO. 


ESTIMATE    SHEET 


Road.. 
Darte__ 


__CompTited  by. 
... Checked  by—— 


SUMMARY  BORROW 

80UBCE.OE  SUPPLY 
STATION 

WHERE  USED 
8TATION  TO  STATION 

HAUL 
DISTANCE  fN  STAS. 

QUANTITY 
CUBIC  YARDS 



- 

SHEET  NO... 


ESTIMATE   SHEET 


Roatj Computed  by.. 

Date.-      Checked  by... 


SUMMARY     OVERHAUL 

LOCATION  OFCUT 

LOCATION  OF  FILL 
STATION  TO  STATION 

NUMBER 
CUBIC  YDS. 

LENGTH 
OF  HAUL 
LIN. FT. 

AMOUNT  OF 

OVERHAUL 

IN  STATION  YARDS 





^    "■ 

1 

- 

- 

. 
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SHEET  no.. 


ESTIMATE    SHEET 


load-: .Computed  by:. 

Jate Checked  by.. 


SUMMARY  CONCRETE  STRUCTURES 

STATION 

STRUCTURE 

I 

O 

z 

id 

>* 

< 

B 

33 

2  E 

CLASS  OF  CONCRETE    METAL  REINFORCEMENT 

PAVING 

1ST 

CU.YD! 

2ND 

CU.  YDS 

3rd 

cu.  res . 

MESH 
LBS. 

BARS 
L3S, 

DOWELS 
LBS. 

1 

1 

J 

SKEET  NO.-- 


ESTIMATE   SHEET 


ate-      _    _    _         _                   Checked  by    -- 

SUMMARY  PIPE  CULVERTS 

T  ATI  ON 

i 

X 
III 

CONCRETE  PIPE 

CORRUGATED 

VITRIFIED 

LENGTH,   LIN. FT. 

LENGTH,  LIN. FT. 

LENGTH,   LIN. FT. 

18" 

24" 

80" 

88" 

15" 

18" 

24" 

30" 

12" 

15'/ 

18" 

24" 

iii8 
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SHEET  MO. 


Road 

Date--- 


ESTIMATE    SHEET 

Computed  by. 

Checked  by__. 


SUMMARY  MASONRY  STRUCTURES 

STRUCTURE 

STATION  TO  STATION 

LENGTH 
LIN.FT. 

EXCAV. 
CU.YDS. 

BACK  FILL 
CU.YDS. 

DRY  RUBBLE 
CU.YDS. 

MASONRY  RUB8LI 
CU.YDS. 

1 

1                 '                        ! 

1             !                  1 

i    n 

1                 1 

I                        ! 

!               ! 

(Road- 

QUANTITY   SHEET 

_  -     _                                Commited  bv 

No 
.      T3ate_ 

--- 

- 

Section.              -Checlced  by                    _     Date-  - 

CLASSIFICA- 
TION 

STATION 

DIST. 

AnEAS-SQ.FT. 

VOLUME    —    CUBIC    FEET 

COMMON 

CUT 

FILL 

CUT                             FILL 

EXCAV.CU.FT. 

II 

I 

| 

[I 

1 

1 

ll 

f 

ll 

1 

II 

J 

.       .    -» 

_ 

_ 

_ 

1- 

-!•-._ 

' 

' 

| 

I 

-: 


CHAPTER  XV 

TPICAL    COST   ESTIMATE    FORMS,    COST   DATA,   AND 

EQUIPMENT 

The  cost  data  given  in  this  chapter  have  been  gathered  since 
907  and  cover  most  of  the  items  necessary  for  estimating  the 
Dst  of  ordinary  rural  highway  improvements  and  small  span  bridges, 
ach  statement  of  cost  gives  the  labor  rates  a,nd  the  conditions  of 
ork  or  the  year  performed.  There  has  been  a  large  rise  in  general 
3st  standards  19 10  to  1926  and  Fig.  324  will  help  coordinate  present 
Dsts  with  the  examples  given. 

Cost  data  must  be  used  intelligently  in  order  not  to  be  misleading, 
ocal  conditions  always  govern,  and  in  presenting  cost  data  the 
sader  is  cautioned  to  compare  conditions  to  be  met  with  the  con- 
itions  described  in  the  data  given.  The  cases  given  have  been 
jlected  to  represent  average  costs.  A  well-equipped  efficient 
)rce  can  often  do  the  work  cheaper  than  shown,  while  inexperi- 
rtced  men  will  run  the  cost  up  above  the  amounts  shown. 

The  most  common  mistake  in  figuring  cost  is  to  underestimate 
le  overhead  charges  caused  by  insurance,  liability,  plant  deprecia- 
on,  interest  on  idle  machinery,  etc.  These  items  are  quite  thor- 
ughly  discussed  on  pages  1231  to  1270.  Net  profit  is  a  variable 
mount  depending  on  the  size  of  contract  and  the  type  of  bidder 
)  be  interested. 

Percentage  of  net  profit  should  be  larger  for  a  small  job  than 
>r  a  large  job.  Where  large  state  or  municipal  programs  are  in 
rogress,  sufficient  profit  must  be  allowed  to  interest  large  organi- 
itions  which  will  get  the  work  out  rapidly.  For  small  slow  town 
>ad  jobs,  less  profit  is  necessary,  as  this  class  of  contractor  is 
itisfied  with  less  yearly  income.  For  most  state  road  programs 
profit  item  on  5  miles  of  road  (average  length  of  contract)  which 
ill  insure  a  reasonable  year's  income  for  the  class  of  contractors 
ssired  is  a  fair  basis  of  estimate. 

This  chapter  will  give  standard  estimate  forms  for  the  usual  road 
ems  based  on  1926  cost  conditions  as  given  on  page  n 25  followed 
y  detail  cost  data  from  which  they  were  derived,  and  plant,  equip- 
lent  and  other  sources  of  overhead  expense. 

Explanation  of  Price  (Fig.  324)  Eng.  News  Record. — The  dotted 
artion  of  the  steel  curve  represents  wrought-iron  I-beams  at  the 
ittsburgh  mill,  which  in  1885  reached  $3.12  per  100  lb.,  a  price 
ily  slightly  below  the  cost  of  structural  steel  at  Pittsburgh  in  191 7. 

Portland  cement  when  first  placed  on  the  market  in  1879  was 

gher  in  price  than  it  is  today,  and  until  1882  remained  higher  than 

r  any  year  except  1920.     In  1879,  however,  cement  was  sold  in 
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wooden  barrels  as  compared  with  the  present  system  of  calling 
four  94-lb.  sacks  a  barrel  of  cement.  Until  as  late  as  1907  a  singk 
wooden  barrel  of  cement  cost  about  30  cts.  more  than  a  barre 
consisting  of  four  sacks.  The  1874  to  1879  quotations  are  fo] 
Rosendale  cement. 


BUILDING  TRADES  HOURLY  WAGE  RATES 
1874-1924 
New  York  Ci-kf 


tJ"   «J^COC3CVI^»X>COC>C^J^viDCOC3CNJ«e-vr>oOCD(NJ'^-vr>OOC5CsJ'^" 

fit-t-eoooooooooaxyicncTjcDooooo—  SjS-  —  cvj<nj<ni 
cooo  cococOcocooocooooooocO(rig)cr>g)cncng)g)C^cr)c^(r><r> 

Fig.  324A. 

The  lumber  prices  from  1874  to  1909,  inclusive,  are  for  lonj 
leaf  yellow  pine  boards,  1  by  12";  from  19 10  to  date  for  long-les 
yellow  pine  timbers,  3  by  12";  all  per  M  ft.,  b.m.,  in  approximate! 


WAGE  FLUCTUATIC  1 


II2I 


lengths.  In  191 2  pine  lumber  prices  had  reached  a  point  not 
)uched  again  until  19 18.  The  slump,  which  occurred  meantime, 
cached  the  lowest  point  between  1914  and  1915.  It  was  caused 
y  the  opening  of  the  Panama  Canal,  when  Douglas  fir  shippers  on 
le  west  coast  could  send  the  lower-priced  lumber  through  to  the 
tlantic  seaboard  in  competition  with  southern  pine. 


"materials  prices 

1874-1924 

F.O.B  New  York  except  steel 
v   which  is  F.O  B  Pittsburgh 


2.r-|-cOaDtCcOa5^(J1<P(^(DOOOOO--~- 
cOCOcO  OOcOoOcOoOcOcOoOcOcOCSl  <T>  <^>  CH>  <y->  CT>  CT>  CT> 


Fig.  324B. 


The  pig-iron  curve  from  1874  to  1897  inclusive,  covers  No.  1 
mndry  Southern.  From  1898  to  date  prices  are  for  No.  2  foundry 
outhern,  with  the  following  exceptions:  No.  1  foundry  Southern 

used  for  1905  and  No.  2  foundry  Northern  for  the  year  191 2. 
he  price  difference  between  the  grade  is  only  25  to  50  cts. 

In  September,  1918,  prices  of  building  materials  were  fixed  by 
le  War  Industries  Board  of  the  United  States  Government, 
'his  action  controlled  foreign  government  purchases  as  well  as 
omestic  buying.     The  ban  was  lifted  in  March,  1919. 

The  lime  prices  here  given  are  for  a  "large  barrel"  (280  lb.). 
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Table  210.1 — (Fig.  324^4), 


Comparison  of  basic  building  materials  prices — 1874  to  192^ 
Average  yearly  prices,  wholesale  to  dealers  or  contractors,  ii 
carload  lots,  f.o.b.  New  York,  except  in  the  case  of  stet 
structural,  which  are  f.o.b.  Pittsburgh. 


Pig  iron 
No.  1 
fdry. 
anthra- 
cite, per 
gross  ton 


Brick 

common 

building, 

per  M. 


Cement 
Rosen- 
dale, 
per  bbl. 


Lime 
common, 
per  bbl. 


Lumber 

yellow 

pine  i-in., 

per  M.  ft, 

b.m. 


1874 
1875 
1876 
1877 
1878 


1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 


1894 
189S 
1896 
1897 


1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 

1906 
1907 
1908 
1909 


$30.25 
25.50 
22.25 
18.88 
17.63 


18.03 
28.50 
25.12 
25.75 
22.38 
19.88 
18.00 
18.71 
20.92 
18.88 
17.75 
18.40 
17.52 
15.75 
14.52 


12.75 
11 .50 
12.50 
12  .10 
No.  2 
fdry. 
southern 
10.75 
15.50 
22.00 
14-37^ 
17.25 
22.37M 
13.75 
17.89 
(No.  1) 
17.75 
26.25 
16.50 
15.50 


57.41 
7 .  12 
5.87 
4-93 
4.71 


4.08 
7.00 
7-50 
7 .  12 
8.28 
6.65 
6.10 
7.51 
7-43 
6.50 
7.06 
6.65 
553 
5-77 
5.83 


5.00 
5.31 
5.06 

4-94 


5-75 
5.69 
5.25 
5-77 
5-39 
5.9i 
7.50 
8.10 

8.55 
6.16 
5.10 
6.39 


$1.48 

1.25 

1 .20 

1 .10 

•  95 

Portland, 

per  bbl. 

2  .70 

2.88 

2.72 

2.82 


2.60 
2.28 
2.28 
2.07 
2.16 
2.23 
2.25 
2.38 


1.97 
2.00 
1.97 


2.00 

2.05 

2.16 

1.89 

1.95 

2.03 

i.67>2 

1.43 

1.55 
1.55 
1 .46 
1. 41 


$1.50 

1.40 

1 .00 

.80 

•  70 


.80 
.87 

•  95 
1 .01 
1.05 

•  95 


.00 
.00 
.82 
.83 
•  92 
.95 
.87 
.93 
.93 


.85 
.78 
.69 
.72 


.70 

•  75 
.68 
.77 
.81 
.79 
.80 
.89 

•  95 

•  95 
1.05 
1. OS 


526.00 
21 .00 
21 .00 
20.00 
20.00 


20.96 

19.00 

19.00 

19.00 

19.00 

19.00 

18.66 

19.00 

19.00 

16.75 

20.31 

21.75 

18 

18 


.00 
•  50 
18.50 


18.50 
16.92 
16.42 
16.44 


15.75 
16.25 
24.50 
17.50 
21 .00 
23.50 
21.50 
24.92 

29.33 
30.50 
30.50 
33.04 


1  Engineering  News  Record. 
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Pig  iron 

Lumber 
yellow 

Wrought- 

No.  1 

Brick 

Cement 

Lime 

iron 

fdry. 

common 

Rosen- 

I-beams, 

anthra- 
cite, per 

building, 
per  M. 

dale, 
per  bbl. 

common, 
per  bbl. 

pine  i-in., 

per  M.  ft. 

b.m. 

channels, 
etc.,  per 

gross  ton 

100  lb. 

Long- 

leaf 

yellow 

pine  3-in. 

1910 

17.10 

6.12K 

1-43 

.92 

36.00 

1.52H 

1911 

I5.37M 

5.3i 

1-43 

.92 

36.00 

1.42M 

1912 

14-75 
(Norh.) 

6.75 

1.34 

.92 

40.00 

1 .20 

1913 

16.43H 

6.75 

1.58 

•  97 

35.25 

1.46 

1914 

14.56 

5.60 

1.58 

•  97 

29.50 

1 .11 

1915 

iS.29 

5-50 

1 .04 

1 .06 

27.75 

1-33 

1916 

22  .20 

8.69 

1 .62 

32.62 

2.48 

1917 

33-75 

9.40 

2 .  16 

37-33 

339 

1918 

39.90 

10.98 

2.53 

2.21 

42  .66 

3  00 

1919 

39-01 

17.90 

2.63 

2.65 

50.87 

2.61 

1920 

47-73 

18.00 

3.00 

3.18 

6373 

2.79 

1921 

38.28 

17.40 

2.73 

3-49 

48.16 

2.05 

1922 

30.77 

16.91 

2.45 

3   00 

47-05 

1 .69 

1923 

32.12 

20.00 

2.66 

3.12 

55-22 

2.50 

ipr.  24 

1924 

28.00 

20.00 

2.55 

3-12 

58.00 

2.40 

Explanation  of  Labor  Rates  (Fig.  324.) — Wages  in  the  building 
ides  began  to  ascend  definitely  between  1899  and  1907.  From 
it  period  until  the  war  years  the  curves  are  generally  flat.  The 
iring  began  in  191 7.  At  present,  wage  rates  of  the  skilled  trades 
New  York  are  the  highest  in  the  half-century.  Common  labor 
)pped  14H  cts.  in  value  (to  59^  cts.)  in  1922,  and  now  stands 
60^  cts. 

Bricklayers  began  the  8-hr.  day  in  1872,  as  against  10-hr.  formerly, 
d  changed  from  the  48-hr.  week  to  the  44-hr.  in  1899.  Then,  as 
w,  the  bricklayers  were  first  to  gain  labor  advantages.  That 
ges  in  this  craft  were  usually  in  advance  of  most  of  the  other 
des  during  the  last  50  years  is  shown  in  the  chart.  Hod  carriers 
*an  the  44-hr.  week  in  1900. 

Carpenters  were  working  10  hr.  per  day  in  1874,  changing  to  8 
in  1890.     The  44-hr.  week  began  in  1900. 

!ommon  laborers  (excavating)  changed  from  the  10-hr.  to  the 
ir.  day  in  1890.  Since  1919  the  8-hr.  day  has  been  in  force. 
Wages  remained  at  the  high  rates  reached  in  the  latter  part  of 
o  and  the  first  part  of  192 1,  throughout  1922.  Skilled  building 
des'  wage  schedules  remained  unchanged  during  the  192 1 
jression  despite  widespread  unemployment. 
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Table  210. — (Fig.  324.B). — Continued 

Building  trades  wage  rates — 1874  to  1924 
New  York,  per  hour 


Car- 

Brick- 

Hod- 

Common 

Structural- 

penter's 

layers' 

laborer's 

iron 

10  hr.  day 

8  hr.  day 

carriers 

10  hr.  day 

1 

workers 

1874 

$0.23 

5o.43 

$0.14 

187s 

•  2  2  Vo 

•  37 

.14 

1876 

.21 

•  31 

.14 

1877 

.20 

•  3i 

.  12 

1878 

.18 

•  31 

.11 

1879 

.17 

•  3i 

.  11 

1880 

.18 

•  34 

.  12 

1881 

.19 

.46 

•  13 

1882 

.21 

•  50 

•  15 

1883 

.21 

•  50 

.13 

1884 

.21 

•  50 

.13 

188s 

.20 

•  50 

.13 

1886 

.21 

•  50 

•  13 

1887 

.21 

.50 

.14 

1888 

.22 

•  50 

.  12 

1889 

.22 

•  So 

.13 

8  hr.  day 

8  hr.  day 

9  hr.  day 

1890 

•  43 

•  47 

$0.28 

.14 

1891 

•  43 

•  47 

.28 

.14 

1892 

.44 

•  50 

.29 

.14 

1893 

■  43 

•  50 

•  30 

.14 

1894 

•  44 

•  50 

•  30 

.14 

1895 

•  43 

•  50 

•  30 

.14 

1896 

•44 

•  50 

•  30 

.14 

1897 

•  44 

•  50 

.29 

•  14 

1898 

.44 

•  50 

•  30 

.14 

1899 

•  45 

•  55 

•  33 

.14 

1900 

•  50 

•  56 

•  33 

.14 

1901 

•  50 

•  59 

33 

.19 

1902 

•  Si 

•  65 

•  36 

.17 

1903 

.56 

.65 

•  36 

.16 

1904 

1905 

1906 

•  ••■>. 

8  hr.  day 

1907 

.62U 

.70 

•  37M 

.22 

$0.60 

1908 

.62H 

.70 

•  37H 

.22 

.60 

1909 

.62H 

.70 

.37^ 

.22 

.60 

1910 

.62H 

•  70 

.37^ 

.22 

.62H 

1911 

•  62>2 

•  70 

.37H 

.22 

.62^ 

1912 

.62^ 

•  70 

.31H 

.23 

.62H 

1913 

•  62^ 

•  70 

.22^*5 

.62H 

1914 

.62^ 

.75 

.22^ 

.62K 

1915 

.62H 

•  75 

.25 

.62H 

1916 

.62H 

•  75 

.25 

.66 

1917 

.69 

•  75 

•  30 

.69 

1918 

•  69 

.81 

.40M 

.80 

1919 

•  8lH 

.87H 

".sYy* 

•  55 

.87H 

1920 

I  .08 

1. 17 

.77K 

.75 

1 .11 

192 1 

I.I2H 

1.25 

.87H 

•  77 

1.12H 

1922 

1.12^ 

1.25 

.87H 

•  58 

1.12H 

1923 

I  .20 

1 .42 

.95 

.61 

1. 16 

1924 

I3lJ4 

1.50 

I 

1 .00 

.68^ 

1.25 
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STANDARD  ESTIMATE  FORMS  1926  COST  CONDITIONS 

Common  labor $0  .45  per  hour 

Teams 0.85  per  hour 

S-ton  trucks 3.00  per  hour 

i3-£-ton  trucks 1.50  per  hour 

stimates  based  on  following  overhead  and  profit  allowances : 

Cost  of  imported  materials  plus  6  %  for  interest  and  profit. 

Cost  of  freight  plus  6  %. 

Cost  of  local  materials  produced  by  contractor  plus  20  %  profit. 

Cost  of  labor  plus  20  %  profit. 

Overhead  on  labor  costs  (10  %  of  pay  roll).1 

Equipment  overhead  (see  Table  224,  p.  1261) 

Moving  plant  on  job,  $500  to  $1000. 

1  Includes  interest  on  pay  roll,  insurance,  liability,  etc. 
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.   Grading  Equipment 
Ordinary  road.     Earth  excavation 

Item 

Approximate  value 

Approximate 

yearly  charge 

including  interest, 

depreciation, 

repairs,  etc. 

Keystone  grader  or  steam  shovel 
10  to  20  dump  wagons  or  trucks. 

Road  scrapers 

Tractors  or  traction  engine 

Plows,  hand  tools,  etc 

10-ton  roller 

$2,000  to      IO.OOO 

500  to       i.ooo 

to       5.000 

500  to       i.ooo 

500  to        1,000 

5,000  to      6,ooo 

$i,coo  to       5,000 
200  to          400 

to       1,000 

200  to          500 

200  to          500 

1,000  to       1,200 

Totals 

$8,500  to  $33,000 

$2,600  to  $11,600 

Average  amount  of  work  5  to  8  miles  per  year,  amounting  to  15,000  to  ioo.oo 

cu.  yd.  per  year. 
Approximate  equipment  overhead  charge  on  excavation  from  10  to  20  ct 

per  cu.  yd.  depending  on  amount  excavated. 

ROUGH  GRADING  ESTIMATES 
Heavy  Steam-shovel  Work  (Earth  Excavation): 

Per 

Cubi 

^4-yd.  shovel  averaging  350  cu.  yd.  per  day.  Yar 

Labor,  fuel,  and  water  at  shovel $0 .  H 

Labor  on  dump 0 .  < 

Hauling  up  to  300'  lead 0 . : 

Hauling  beyond  300'  lead  (1  ct.  per  bta.j  bay o.< 

Total  pay  roll o . . 

Profit o.« 

Overhead  on  pay  roll  10  % 0  .< 

Overhead  on  equipment  (100  days  per  year) 0.' 

Total  estimate $0 . <  \ 

Medium  Steam-shovel  Work  (Earth  Excavation): 
2fj-yd.  shovel  averaging  200  cu.  yd.  per  day. 

Per 
Cub: 
Yar. 

Labor,  fuel,  and  water  at  shovel $0 . 

Labor  on  dump o  .  < 

Hauling  up  to  300'  lead 0 . 

Hauling  beyond  300'  lead  (1  ct.  per  Sta.  yard)  say 0.1 

Total  pay  roll $0.-1 

Profit o.c 

Overhead  on  pay  roll  10  % o.< 

Overhead  on  equipment  (100  days  per  year) o.: 

Total  Estimate So  .1 

Medium  and  heavy  steam-shovel  work  is  commonly  bid  for  50  to  80  ct  | 
per  cubic  yard,  Western  New  York,  1925. 
Light  Keystone  Grader  Work  (Earth  Excavation) : 
Average  150  cu.  yd.  per  day. 

Per 
Cubi 
Yarc 

Labor,  fuel,  and  water  at  shovel $0 .; 

Labor  on  dump o  .  ] 

Hauling  up  to  300'  lead o .  ] 

Hauling  beyond  300'  lead  (1  ct.  per  Sta.  yd.)  say o.c 

Total  pay  roll $o.i! 

Profit o.c 

Overhead  10  %  pay  roll o.c 

Overhead  on  equipment  (100  days  per  year) 0.1 

Total  estimate $0 . ', 
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>craper  Work  (Short  Haul): 

Reasonable  contract  price  50  to  70  cts.  per  cubic  yard, 
load  Machine  Turnpiking: 

Reasonable  contract  price  20  to  40  cts.  per  cubic  yard. 
'low,  Hand  Shoveling,  Team  Hauling  (500'  lead) : 

Easy  soil  (all  ordinary  conditions) $1 .30  per  cubic  yard 

Hard  soil  (hard  clay  and  cemented  soils) 1.75  per  cubic  yard 

In  estimating  the  price  for  any  road  the  number  of  yards  of  earth  to  be 
xcavated  by  the  different  foregoing  methods  are  estimated  roughly,  the 
roper  price  applied  to  each  class  of  excavation,  and  the  composite  price 
etermined  by  the  total  estimate  divided  by  the  total  yardage. 

Rock  Excavation 

Open  cut.     Reasonable  contract  price,  Western  New  York,  1925. 

Per  Cubic  Yard 

arge  quantities  solid  rock $2  .00  to  J  2  .50 

mall  quantities  solid  rock 4 .  00 

arge  quantities  shale  or  disintegrated  solid  rock 1 .50  to     2  .00 

mall  quantities  shale  or  disintegrated  solid  rock 3  .  00 

Note. — There  is  such  a  wide  variation  in  the  cost  of  roadway  rock  excava- 
on  that  any  detailed  form  would  be  merely  misleading. 
'rimming  Fine  Grade  for  Pavement : 

Depends  largely  on  how  well  road  is  rough  graded.  Following  cost 
ssumes  rough  grade  correct  to  within  1"  of  finished  grade. 

Per 
Square 
Yard 

Labor  cost Jo .  06 

Profit  20  %  of  labor 0.012 

Overhead  10  %  of  labor o  .006 

Roller  overhead 0  .002 

Total f 0 .  080 

Ordinary  bids  run  from  5  to  10  cts.  per  square  yard. 
rimming  Shoulders  and  Ditches : 
Depends    largely    on    completeness    of    rough    grading.     Following    cost 
ssumes  rough   grading   well   done   and   trimming   finished   by   hand   labor 
lcluding  back  slopes, 
asy  Grading  (Ordinary  Earth) : 

Per  Linear 
Foot  of  Road 

Labor  and  teams $0.12 

Profit  20  % 0.02 

Overhead  10  %  of  pay  roll 0.01 

Total Jo . 1 5 

•ifficult  Grading  (Small  Boulders  Mixed  with  Earth): 

Per   Linear   Foot 
of  Road 

Labor  and  teams $0.15 

Profit  20  % o .  03 

Overhead  1 0  %  of  pay  roll 0.015 

Total Jo .  19s 

Ordinary  bids  run  10  to  20  cts.  per  linear  foot  of  road. 

'verhaul : 

New  construction  (Bad  hauling  conditions): 

Per  Station 
Yard 

Cost  of  hauling Jo .  008 

Profit  20  % o  .002 

Overhead 0  .  00 1 

Total Jo. on 
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Reconstruction  (Excellent  hauling  conditions) : 

Per  Statio 
Yard 

Cost  of  hauling $o  .004 

Profit 0.001 

Overhead 0 .  00 1 

Total $0,006 

Ordinary  bids  run  from  0.5  to  1.5  cts.  per  station  yard. 


Hauling  Schedule  of  Approximate  Cost 


Cents 

per  ton 

mile 


Cents 

per  yai 

mile 


Teams: 

Hand  loading,  short  hauls  out  of  fields 

Bin  loading,  average  hauls 

Bin  loading,  long  hauls 

Trucks  (cost  includes  overhead  charge) : 

Hand  loading,  short  hauls  less  than  1.5  miles 

Bin  loading,  short  hauls 

Bin  loading,  long  hauls  over  1.5  mile 


55 
45 
40 

30 

20 
16 


70 
55 
50 

40 
25 
20 


Note. — Length  of  haul  is  the  length  for  hauling  load;  that  is,  if  truck 
loaded,  runs  3  miles,  dumps,  and  returns  empty,  the  cost  is  3  miles   timi 
cost  per  mile  given  in  the  above  schedule. 


CALCULATION  OF  AVERAGE  HAUL  DISTANCE  CASE  I 

Condition  of  road  uniform.  Material  to  be  distributed  in  proportion  to  mileage 
■  Sidihq 

K-  ■  -  -0.9 Mi. y  -  - 4.3 Mi. >) 

k-  -A    >U B    -     -■-- * 

1st.  Method'.  Assume  a  shipment  of  100  tons. 

Tonnage forA=0jjj3xl00=/7tonS.  Total  for,  miles  =286.10 

r    t,     4  3        ,/,/,    a,t  Total  tonnage*  100.00 

Tonnage  tor  B  ^g+jj  x  100  -  06  tons. 

0.9 
A 17tonsx(/.0+  -jr)  miles  -  24.6  S  ton  miles 

B SJtons.O.O^Jmiles^^S-^r        ^flO^t    , 

2'  286.10  ton  miles         =  *°°'u  =2.86 miles 

2nd.  Method:  Assume  a  tonnage  of  Hon  per  mile. 
^...«W^y>*  =  ifgt™Ife         AVERAGE  HAUL 

-  14.85  -~ac        y 

-  -777,-  -2. 86  miles 
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CAL  CULATION  OF  AVERAGE  HAUL  DISTANCE        CASE  IT 

Condihonsof road  not  uniform  Proper  tonnage  for 
Separate  stretches  of  road  to  be-esfrma-hed 

±P~,cl'ng .  Storage  P,le 

«^p ?:4Mi.  ^'25tons 

*O.SMi  ■  *0.4Mil«  ■  12 Mi. x- -0.8 Mf. >l<-  -T.  -  -  J.SMi W 

1  '  n  1 

k-  A  ■  >-<  B  *k---  C ->K--5r/cA---->J< 2?   - -* 

6fo/*s     /(?^/75       14 -tons  No  Material       45  ions 

Assume  a  shipment  of  100  ions 

A-6fonsx(/.0+0.4*  yjmtles  =9-  90lon  miles 

B-10hns*(!0+O-£)miles  =12.00     "       " 

C-14hns*(  1.0+'-^) miles  =22.40     "       " 

l)-4Stons*(l.0+l.2+0.8+l^)miles  =175.50   »      " 

Sloraqe PHe=25tons*.(I.O+2.4)miles      8^00    "      " 

Total  ion  miles  =304. SO  7..  0. 

Total  tonnage  ^  100. 00    A  VER AGE  HAUL  =  :^f  -  J  0W« 


C^2Ci/Z  A  HON  OF  A  VER  AGE  HA  UL  DIS  TANCE  CASE  IK 

ndition  of  road  uniform.  Material  io  be  distributed  in  proportion  to  area. 

B  Sidinq 

1. 1  Mi  -  -  -  »a?M'p- 1.4 Mi  ----*  0. 7 Mi.  *f-0. 96  Mi.  -f-  -7.6Ni-—>\ 

V"^  **o         — g— FFfllililillll  1 

7^         tffTk r  ~...J<.  /?-  f -Brick  ~^-E    —■•* 

A       ••-*#  **<■-    C  >*  /7     ^  No  Material 

hsume  Hon  per  mile  tor  a  IB  width.  Then  an  18  width  will  require  ,-g  ions  per  mile. 

I.ltonx(l.0+0.2+^)miles  =  1.925  ton  miles 

(02*j()fon  x(l.0  +  °^)m,les  =0.247  » 

£(lAxjS)hnxp.O+g)miks  -2.678  » 

)-0.7tvnx(/.0+l.4  +  °j7)miles  -1.925   •• 

7-l6bnxft0*L4*a.7+Q96  +  'g)miks  ~ 


I4.S5I 
oh  I  ion  miles  =  14. 551 
ihl  tonnage  =U+(0.2*%)+  (l.4*%)+0. 7+1. 6  =5.20 

WERAGE  HAUL^t^-^  2.80  miles 


Tonnage  for  A  =f™  *ioiol  shipment 

D      S20 


Eh. 


H30  COST  DATA 

PRODUCTION  OF  CRUSHED  STONE 
SMALL  LOCAL  PORTABLE  PLANTS 

Proportion  of  Sizes : 

For  proportion  of  sizes  and  weights  of  crusher  outputs,  see  pages  1173  t< 
1182. 

Cost  Estimates 
Cost  of  Quarrying: 

Stripping    (use  earth  excavation  prices,   pp.    1126  to   1127)  for  amoun 
required. 

Cost  of  stone  per  ton 5  +  cts 

Quarrying  and   delivery   to   crusher    (includes   overhead   and   equipmen 
charge) : 

Per  Ton 

Sandstone $0  .  40  ] 

Limestone 0.4s  I 

Conglomerate o  .60  | 

Trap  and  granite o .  55  J 

Crushing  (includes  overhead  charge): 

Per  Ton 

Sandstone $0 .  25  1 

Limestone 0.30  I 

Conglomerate o .  30  [ 

Trap  and  granite o .  45  J 


Subtotal 

Net  profit $0  .  20 : 


Estimate  per  ton1 

1  Total  output  of  crusher. 

Note. — If  any  part  of  the  total  output  cannot  be  used  and  is  wasted,  tr 
price  per  ton  for  the  stone  actually  used  must  include  cost  of  waste. 

Sample  Estimate  [Limestone] 

Stripping $0  .05 

Quarry  rights 0  .  06 

Quarrying o .  45 

Crushing 0.30 


Subtotal Jo. 86 

Profit 0.20 


Estimate $1 .06  per  ton 

=       1 .30  per  cubic  yard  loose  measur 
1  Total  output  of  crusher. 

Crushing  Field-stone  Boulders : 

1  cu.  yd.  boulders  =  1  cu.  yd.  crushed  stone 
1 .8  cu.  yd.  boulders  =  1  cu.  yd.  (i>4  to  3%"  crushed  stone  consolidate 
measure) 

Cost  Estimate 

Per 
Cubi 
Yar. 

Cost  of  field  stone $0 . : 

Blasting  or  sledging  per  cubic  yard  actually  blasted  or  sledged. ...      o.< 

Loading  to  wagons  or  trucks o . ; 

Hauling  to  crusher  1  mile o  .< 

Subtotal 

10  %  overhead 

Subtotal  delivery  to  crusher 
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Per 

Cubic 
Yard 
Crushing  (includes  overhead  charge) 

Sandstone $0.30 

Limestone 0.35 

Trap  and  granite 0.50 

1  Total  per  cubic  yard  (loose  measure)  screened-out  sizes 


Profit $0  .  25 


Estimate  per  cubic  yard  loose  screened  sizes 

jNote. — If  any  part  of  the  total  output  cannot  be  used  and  is  wasted,  the 
rice  per  cubic  yard  for  the  stone  actually  used  must  include  the  cost  of  the 
asted  product. 

Sample  Estimate  (Limestone) 

Cost  of  stone $0.15 

o .  1  cu.  yd.  sledged 0  .  06 

Loading 0.30 

Haul  M  mile 0.35 


Subtotal $0.86 

10  %  overhead o  .  09 


0.95 
Crushing 0  .35 


$1  .30 
Profit 0.25 


$1.55  per  cubic  yard 
$1 .20  per  ton 

PRODUCTION  OF  SCREENED  GRAVEL  AND  SAND  IN  SMALL 

PLANTS 

The  total  cost  of  output  depends  on  the  amount  of  waste  product.  In 
lost  pits  there  is  an  excess  of  sand  which  must  be  wasted.  For  weights  of 
:reened  gravel  and  proportions  of  sand  and  gravel  in  pits,  see  page  1182. 

Cost  Estimates 

Per- 
Ton 

Stripping  '  (use  excavation  prices,  pp.  n 26  to  1127) $0.05 

Excavating  and  delivery  1  to  screening  plant 0.25 

Screening  * 0.15 


Subtotal 

Profit 0.15 

Estimate  per  ton  total  output 

Price   per  ton +  30  %±  equals  price  per  cubic  yard  loose  measure 

1  Includes  overhead. 

Sample  Estimate 

Per  Ton 

Stripping Jo  .  05 

Excavating  and  delivery 0.25 

Screening 0.15 


Subtotal 0.45 

Profit 0.15 

Estimate  total  output  of  plant  ...    $0.60  per  ton  screened  sizes 

0.80  per  cubic  yard  screened  sizes 
Dr  10  %  waste  estimate  =  67  cts.  per  ton  90  cts.  per  cubic  yard 
Dr  20  %  waste  estimate  =  75  cts.  per  ton  $1  per  cubic  yard 
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Washing  Sand  and  Gravel: 

Cost  of  washing  varies  greatly  depending  on  amount  of  dirt  tc  > 
be  removed,  water  supply,  etc.  It  will  vary  from  15  to  50  cts 
per  ton  and  no  standard  estimates  can  be  formulated.  Each  case 
is  a  special  problem.  Small  portable  plants  are  rarely  satisfactor) 
and  good  plant  for  the  production  of  satisfactory  screened  anc 
washed  gravel  will  cost  at  least  from  $10,000  to  $15,000. 

Commercial  washing  plants  in  Western  New  York  use  about  50c 
gal.  of  water  per  ton  of  gravel. 

STANDARD  ESTIMATE  FORM  FOR  BOULDER  SUBBASE  (FIELD 

STONE) 
Amounts  of  Material : 

A  subbase  course  6"  deep  made  of  the  usual  size  fence  stone  requires  1  cu 
yd.  loose  for  1  cu.  yd.  rolled;  12"  depth  of  finished  base  requires  1.25  cu.  yd 
loose  measure  to  1  cu.  yd.  finished  rolled  measure. 

yi  cu.  yd.  gravel  or  small  stone  and  screenings  filler  required  per  cubic 
yard  of  finished  base  course. 

Cost  Estimate 

Cost  of  cobbles  per  loose  cubic  yard $0 .  20  ±  )  Multiply 

Loading  cobbles  to  wagons  by  hand  per  cubic  yard.  0.30       |  these     item 

Hauling1  cobbles  1  cu.  yd.  loose  measure  60  cts.  per  l  by    1.25    fo 

mile,  short  hauls  50  cts.  per  mile  long  hauls  '  12"  depth  o 

Placing  cobbles o .  20         subbase. 

Rolling o .  10 

Filler  (see  below) 


Total $ 

20  %  profit 

10  %  overhead 

Estimate 

1  Teams  out  of  fields,  bad  conditions,  short  hauls  less  than  1.5  miles. 

Filler : 

Cost  H  cu.  yd.  at  pit  or  crusher: 

Loading  fs  cu.  yd.  (by  hand  from  pile) $0.10 

Loading  (from  bins) o  .01 

Hauling  ji  cu.  yd.  per  mile o .  20 

Spreading  \$  cu.  yd 


Filler  total I . 


Sample  Estimate 

(12"  consolidated  depth) 

Cost  of  cobbles,  $0 .  20  X  1 .  25  cu.  yd $0 .24 

Loading  cobbles,  o .  30  X  1 .  25  cu.  yd 0.38 

Hauling  2  miles  average  ($0 .50  X  2  X  1 .  25) 1 .25 

Placing,  $0 .  20  X  1 .  25  cu.  yd o .  24 

Rolling,  0.10  X  1 .25  cu.  yd 0.12 

Filler: 

Cost  }i  cu.  yd.  at  pit $0.10 

Loading 0.10 

Haul  3  miles o  .  60 

Spreading 0.08  0 .  88 

Total I3  . 1 1 

20  %  profit 0.62 

10%  overhead 0.32 

Estimate $4.05  per  cubic  yart 
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STANDARD  ESTIMATE  FORM  FOR  BOULDER  BOTTOM   COURSE 

(FIELD  STONE) 

Same  relation  of  loose  and  rolled  depths  as  for  boulder  base.     0.4  cu.  yd. 
travel  or  crushed-stone  filler  required. 


Cost  Estimate 

Cost  of  cobbles  per  loose  cubic  yard $0.20  + 

Loading  to  wagons  by  hand  per  loose  cubic  yard o .  30 

Hauling1  at  60  cts.  per  yard-mile 

Placing  and  sledging o  .40 

Rolling 0.10 

First  subtotal 

^irst  subtotal  X  consolidation  (o  for  6"  depth)  (0.25  for  12"  depth)  .... 

Second  subtotal 

Filler  (see  below) 


Total 

20  %  profit 

10  %  overhead 

Estimate 

Tiler: 

Cost  0.4  cu.  yd.,  loose  measure  in  pit  or  at  crusher 

Loading  0.4  cu.  yd.  by  hand,  10  cts.  j 
Loading  0.4  cu.  yd.  from  bins,    1   ct.  J  ' 

Hauling1  0.4  cu.  yd.  at  20  cts.  per  mile 

Spreading  and  brooming  0.4  cu.  yd 0.16 


Filler  total 

1  Note. — Hauling  by  teams  out  of  fields,  bad  conditions,  and  short  hauls 
;ss  than  1.5  miles. 


Sample  Estimate 

(12"  consolidated  depth) 

Cobbles $0 .  20  per  loose  cubic  yard 

Loading 0 .30  per  loose  cubic  yard 

Hauling  2  miles 1 .00 

Placing  and  sledging o  .40 

Rolling 0.10 

Subtotal $2  .00  per  loose  cubic  yard 

Consolidation  25% 0.50 

Subtotal $2  .  50  per  consolidated  cubic  yard 

iller : 

Cost  0.4  cu.  yd.  at  pit  (gravel) 0.12 

Loading 0.12 

Haul  3  miles o .  60 

Spreading 0.16 

Total $3  ■  SO 

20%  profit o .  70 

10%  overhead o  .35 

Estimate $4  .  55  per  consolidated  cubic  yard 
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GRAVEL  FOUNDATION   (PIT-RUN  GRAVEL) 


Gravel  foundation  courses  require   1.2  cu.  yd.  loose  measure  per  yard 
consolidated  measure. 

Cost  Estimate 

Cost  of  gravel  in  pit  per  loose  cubic  yard 

Loading  gravel  by  hand  30  cts.  per  cubic  yard  \ 

by  steam  shovel  17  cts.  per  cubic  yard  / 

Hauling  gravel  (includes  overhead) : 

Teams  (short  hauls) 0.50  per  cubic  yard  mile  ] 

Trucks  (hauls  less  than  1.5  miles)  .0.26  per  cubic  yard  mile  > 

Trucks  (hauls  over  1.5  miles) 0.21  per  cubic  yard  mile  j 

Spreading  gravel  15  cts.  per  loose  cubic  yard $0.15 

Loam  filler  M  cu.  yd.  if  ordered 0  .  10 

Rolling  gravel 0.10 

Reshaping  gravel 0.10 


First  total  per  loose  cubic  yard. 
Consolidation  0.2 


Second  total  per  consolidated  yard 

20%  profit 

10%  overhead  (pay  roll) 

Plant  overhead 0.50  + 

Third  total  estimate  per  consolidated  cubic  yard 


Sample  Estimate 

Cost  gravel  in  pit $0  .  so  per  cubic  yard  (loose) 

Loading  (steam  shovel) 0.17 

Haul  (2  miles) o  .  40 

Spread 0.15 

Loam  filler 0  .  10 

Rolling 0  .  10 

Reshaping 0.10 


First  total $1.52  per  cubic  yard  (loose) 

Consolidation  0.2 o  .  30 


Second  total $1 .82  per  cubic  yard  (consolidated 

20%  profit o  .36 

10%  overhead 0.18 

Equipment  overhead 0 .50 

Estimate $2  .86 

SCREENED  GRAVEL  BOTTOM  COURSE 

Materials  Required : 

1  cu.  yd.  consolidated  gravel  bottom  requires  1.25  cu.  yd 
screened  gravel  plus  0.35  cu.  yd.  sand  and  loam  filler. 

Cost  Estimate 

Same  as  for  screened  gravel  top  making  due  correction  fo: 
amounts  of  material  required  (see  p.  1139). 

LOCAL  STONE  MACADAM  BOTTOM  COURSE 

Materials  Required: 

1  cu.  yd.  of  consolidated  bottom  course  requires  approximately  1.27  cu.  yd 
loose  measure  for  a  3"  consolidated  depth  and  approximately  1.30  cu.  yd 
loose  measure  for  a  4"  consolidated  depth. 

The  amount  of  filler  required  per  cubic  yard  of  consolidated  bottom  is  0.3! 
cu.  yd.  of  sand  or  screenings  or  a  mixture  of  the  two  depending  on  how  tht 
screenings  are  utilized.  For  proportion  of  sizes  in  crusher  output,  sei 
page  1 181. 
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Cost  Estimate 

•'or  material  total,  use  crushing  estimate  on  page  1130. 

Manipulation : 

Transfer  to  trucks  or  wagons $0 .or  per  cubic  yard 

Hauling: 

T  j  Bad  conditions    60  cts.  per  yard  mile  1 

eams  1  Good  conditions  50  cts.  per  yard  mile  J 
f  Short  hauls  25  cts.  per  yard  mile  ' 

Trucks^  Hauls    over     1.5 

[      mile  20  cts.  per  yard  mile 

Spreading : 

SH  loose  depth  15  cts.  per  cubic  yard  \ 
43^  loose  depth  19  cts.  per  cubic  yard  /   '  '  ' 

Rolling o .  10 

First  subtotal per  cubic  yard 

Consolidation  0.27  to  0.30 

Second  subtotal  consolidated  stone 

Filler  (see  below) 

Total 

Labor  overhead  10% 

Profit  20% 

Manipulation  total 

Screenings  (filler) : 

Cost  0.35  ±   cu.  yd.  in  bins 

Loading  to  trucks  (from  bins)  $0,005 

Loading  to  trucks  (from  piles)  0.12) 

Hauling  (use  regular  hauling  rates) .... 

Spreading  and  brooming 0.15 

Total  cost  screening  filler 

Jand  Filler : 

Cost  0.35  cu.  yd.  in  pit 

Loading 0.12 

Hauling  (use  regular  hauling  rates) 

Spreading  and  brooming 0.15 

Total  cost  sand  filler 

Note. — If  both  sand  and  screenings  are  used,  work  out  a  composite  price 
or  the  percentage  of  each  kind  used. 

Summary : 

Material  total  (includes  overhead) 

Manipulation  total  (includes  labor  overhead) .  .  .  •. 

Equipment  overhead  (exclusive  crushing)  (see  p.  1261) $0 .60  ± 

Estimate  per  cubic  yard  consolidated  measure 
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Sample  Estimate 

Filler  50  %  screenings;  50  %  sand. 

Small  limestone  quarry  (total  crusher  output  used.     No  waste). 

Material  Estimate : 

Quarrying  and  crushing  (see  p.  1130).    $1 .30  per  cubic  yard 
Consolidation  0.3  % 0.40 


Material  total 1 .  70  per  cubic  yard  consolidatet 

Manipulation : 

Transfer  to  trucks $0.01  per  cubic  yard  loose 

Haul  (2  miles)  (2  X  20) o  .40  per  cubic  yard  loose 

Spread 0.15  per  cubic  yard  loose 

Rolling o .  10  per  cubic  yard  loose 


First  subtotal. 


Consolidation  0.3 0.20 


.66  per  cubic  yard  loose 


Second  subtotal. 


Filler  (see  below) o  .  00 


.86  per  cubic  yard  consolidatec 


Total $1.76 

10  %  overhead o  .  18 

Profit 0.3^ 


Manipulation  total $2  .30 


Filler 

Screenings 

Sand 

Cost  0.3s  cu.  yd 

Load 

$0.44 
0.01 
0.40 
o.is 

$0.10 
0. 12 

Haul  2  miles 

Spread 

0.40 
0 .  15 

Totals 

$1.00 

$0  .77 

Composite  price  half  sand,  half  screenings  = 

Summary: 

Material  consolidated  total $1 .70 

Manipulation  consolidated  total 2  .30 

Equipment  overhead o  .60 


-say  $0  .90. 


Estimate $4  .60  per  cubic  yard  consolidate< 


MACADAM  BOTTOM  COURSE— IMPORTED  MATERIALS 

Amount  of  Material  Required  : 

Total  weight  crushed  limestone  (specific  gravity  2.7  or  170  lb.  per  cubi< 
foot  solid)  according  to  our  records  is  3050  lb.  per  consolidated  cubic  yard  o 
bottom  course  3"  thick  and  3150  lb.  per  cubic  yard  finished  bottom  4"  thick 

Approximately  0.3s  cubic  yard  sand  or  screenings  required  for  filler. 


Cost  Estimate 
Materials  (Limestone) : 

3"  course  3050  lb.  f.o.b.  unloading  points 

4"  course  31  so  lb.  f.o.b.  unloading  points 

6  %  on  material  and  freight 

Material  total 
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Manipulation : 

Unloading: 

Under  2000  tons  (shoveling)  35  cts.  per  ton  \ 
Over     2000  tons  (elevator)     16  cts.  per  ton  f  " ' 
Hauling: 

[  Bad  conditions  55  cts.  per  ton  mile 

Teams  -j  Average  conditions  50  cts.  per  ton  mile 

(  Good  conditions        40  cts.  per  ton  mile 

Trucks,   short  hauls  20  cts.  per  ton  mile 

Hauls  over  1.5  miles  16  cts.  per  ton  mile 

Spreading  stone: 

SYz"  loose  depth,  12  cts.  per  ton  \ 

4"      loose  depth,  16  cts.  per  ton  / 

Rolling,  08  cts.  per  ton 


filler : 

Cost  0.35  cu.  yd.  at  pit  or  crusher 

Loading  0.3s  cu.  yd.  by  hand  shoveling 12  cts. 

Loading  0.35  cu.  yd.  from  bins 01  ct. 

Hauling  0.35  cu.  yd.  at  7  to  20  cts.  per  mile  (see  hauling  conditions) 
Spreading  and  brooming  0.35  cu.  yd 15  cts. 


Subtotal 

10  %  labor  overhead. 
20  %  profit  ± 


Manipulation  total. 


ummary : 

Material  total 

Manipulation  total 

Equipment  overhead  (see  p.  1262) 60  cts.  to  $1 .00 


Total  estimate  per  consolidated  cubic  yard. 


Sample  Estimate 

4"  consolidated  depth  limestone 
Materials : 
1.6  tons  stone  f.o.b.   unloading  @  $1.15  +  $1.00  freight  per  ton  $3.44 
6 %    on   materials 0.20 

Material  total $3-64 

Manipulation : 

Unloading  (1.6  tons  X  16  cts.) $0  .  26 

Hauling  2  miles  (2.0  X  1.6  X  16  cts.) 0.51 

Spreading  (1.6  X  12  cts.) o .  20 

Rolling  (1.6  X  8  cts.) 0.13 

iller  (Sand  Pit) : 

Cost   (0.35  cu,  yd.  X  30  cts.) 0 .  10 

Loading 0.12 

Hauling  2  miles  (2.0  X  0.35  X  30  cts.) 0.21 

Spreading  and  brooming 0.15 

Subtotal $1 .68 

10  %  overhead 0.17 

20  %  profit 0.34 

Manipulation  total $2.19 

ummary : 

Material  total $3-64 

Manipulation  total 2.19 

Equipment  overhead 0.77 

Estimate $6.60  per  consolidated  cubic  yard 
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BITUMINOUS  CONCRETE  BLACK  BASE  (HOT  MIX) 

Materials  required  per  ton  of  finished  product  generally  about  1260  lb. 
stone,  650  lb.  sand,  and  90  lb.  of  asphalt.  For  weight  per  consolidated 
cubic  yard,  see  page  496. 

Sample  Estimate 

Materials  (f .o.b.  plant  switch) : 

1200  lb.  stone      at  $  2. 15  per  ton 1 1.29 

700  lb.  sand        at       1.75  per  ton 0.61 

100  lb.  asphalt  at     15.00  per  ton 0.75 

Subtotal $2  .  65 

6  %  on  materials  and  freight 0.15 

Material  total $2  .  80 

Manipulation  (per  ton) : 

Unload $0.16 

Mixing  (labor  and  fuel) 0  .  80 

Hauling  2  miles  (2X18  cts.  per  ton  mile) o  .  36 

Spreading,  rolling,  and  finishing o  .  60 

Subtotal $1 .  92 

Labor  overhead 0.20 

Profit 0.78 

Manipulation  total $2  .90 

Summary : 

Material  total $2  .  80  per  ton 

Manipulation  total 2  .  90  per  ton 

Equipment  overhead 1 .  00  per  ton 

Estimate $6.70  per  ton 

CEMENT     CONCRETE     FOUNDATIONS— IMPORTED     MATERIALS 
Materials  Required  (per  cubic  yard  concrete  base): 


Mix              1    Cement,  barrels 

Stone  or  gravel, 
cubic  yards 

Sand,  cubic  yards 

1:3:6 

1--2M-5 

1:2:4 

1 . 1 
1-3 
1.6 

0.95 
0.92 
0  .90 

0.47 
0.46 
0.45 

Allow  10  %  waste  and  excess  for  net  sections  for  sand  and  stone. 
Steel  as  ordered. 

Typical  Estimate 
Materials : 

bbl.  cement  f.o.b.  unloading  switch 

cu.  yd.  stone  or  gravel  unloading  switch 

cu.  yd.  sand  unloading  switch 

.  .    .  .  lb. steel 

Subtotal - 

10  %  waste  sand  and  stone 

6  %  on  materials  and  freight 

Material  total 
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Manipulation : 

Unloading: 

bbl.  cement  at  8  cts.  per  barrel $0 . 1 1  ± 

1 . 5  cu.  yd.  stone  and  sand  at  20  ct 0.30 

Hauling: 

bbl.  cement  at  3.5  cts.  per  barrel  mile 

1 .5  cu.  yd.  stone  and  sand  at  22  cts.  per  yard  mile 

Mixing,  placing,  curing:  *   0.70 

Subtotal 

10  %  overhead 

Profit. 0.70  ± 

Manipulation  total 

Summary : 

Material  total 

Manipulation  total 

Equipment  overhead $1 .  00  ± 

Estimate  per  cubic  yard 

Sample  Estimate 

(i:2H:S  Mix) 
1  Materials  (Imported): 

1 .3  bbl.  cement  at  $2  .  50  f  .o.b.  switch $3.25 

0  .  46  cu.  yd.  sand    at     2.50  f  .o.b.  switch r .  15 

o .  92  cu.  yd.  stone  at     2  .  60  f  .o.b.  switch 2  .  40 

Subtotal $6  .  80 

10  %  wastage  stone  and  sand .35 

6  %  on  materials  and  freight ■  .  .  .     45 

Material  total $7  •  60 

1  Note. — Where  local  materials  are  used,  use  local  material  estimate 
forms,  p.  1 130  to  1 132. 

Manipulation : 

Unloading: 

1 .3  bbl.  cement  at  8  cts.  per  barrel $0.11 

1.5  cu.  yd.  stone  and  sand  at  20  cts 0.30 

Hauling  (2  miles) : 

1.3  bbl.  cement  at  3.5  cts.  per  lbl.  mile 0.10 

1 . 5  cu.  yd.  stone  and  sand  at  2 1  cts 0.64 

Manipulation  placing  and  finishing o  .  70 

Subtotal $1 .85 

10  %  labor  overhead o .  20 

Profit 0.70 

Manipulation  total $-  .  75 

Summary : 

Material  total $  7  ■  60 

Manipulation  total 2.75 

Equipment  overhead o .  97 

Estimate  per  cubic  yard $11.32 

SCREENED  GRAVEL  TOP  COURSE— LOCAL  MATERIALS 

Materials  Required: 

1  cu.  yd.  consolidated  measure  of  finished  top  course  screened  gravel 
requires  approximately  1.25  cu.  yd.  loose  screened  gravel  plus  0.5  cu.  yd. 
sand  and  loam. 
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Cost  Estimate 
Materials  (seep.  1131): 

1  Cost  1.25  cu.  yd.  screened  gravel 

1  Cost  0.5  cu.  yd.  sand 

Material  total 

Manipulations : 

Loading  1.75  cu.  yd.  from  bins $0.04 

Hauling  (use  schedule,  p.  1128)  1.75  cu.  yd 

Spreading  gravel  1.25  cu.  yd.  at  20  cts 0.25 

Spreading  and  brooming  sand  and  loam  0.5  cu.  yd 0.25 

Rolling 0.12 

Reshaping 0 .  10 

Subtotal 

10  %  labor  overhead 

Profit  20  %  = 

Manipulation  total 

Summary : 

Material  total 

Manipulation  total 

Equipment  overhead  (exclusive  screening) 0.50  + 

Estimate  per  cubic  yard  consolidated 

1  Includes  overhead  and  profit. 

LOCAL  STONE  WATER-BOUND  MACADAM  TOP 

Same  as  for  imported  top  using  estimate  forms  (p.  11 30)  for 
production  of  local  material  and  making  due  allowance  for  amount 
of  screenings  produced  by  local  crusher.  See  also  sample  estimate 
local  stone  macadam  at  the  bottom  of  page  1134. 

WATER-BOUND  MACADAM  TOP  COURSE— IMPORTED  MATERIALS 

Materials  Required : 

1  cu.  yd.  consolidated  top  course  requires  approximately  3200  lb.  of  coarse 
stone  and  1250  lb.  of  screenings  where  limestone  is  used  (sp.  gr.  2.7  or  170  lb.  j 
per  cubic  foot  solid  rock).     See  page  442  for  weights  of  different  rocks  of  | 
different  sizes. 

Cost  Estimate 
Materials : 

4450  lb.  limestone  f.o.b.  unloading  point 

6  %  on  stone  and  freight I 

Materials  total 

Manipulation : 

Unloading  from  cars  at  16  cts.  per  ton 

Hauling  (regular  schedule  p.  11 28) 

Spreading  stone  at  18  cts.  per  ton 

Spreading  screenings  at  30  cts.  per  ton  (hand) 

Spreading  screenings  at  10  cts.  per  ton  (mechanical) 

Rolling  at  05  cts.  per  ton 

Puddling  at  08  cts.  per  ton  

Subtotal 

10  %  overhead 

20  %  profit  ± . 

Total  manipulation 

Summary : 

Material  total 

Manipulation  total 

Equipment  overhead 60     cts.     to    $1.00 

Estimate  per  consolidated  cubic  yard 
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Sample  Estimate 
Materials : 

2.22  tons  limestone  at  $2  .25  per  ton  f.o.b.  switch $5  .00 

6  %  on  materials 0.30 

Materials  total $5-30 

Manipulation : 

Unloading  2.22  X  16  cts $0.36 

Hauling  2  miles  (2  .22  X  2  .0  X  16  cts.) 0.71 

Spreading  stone  1 .6  tons  X  18  cts 0.29 

Spreading  screenings  o .62  tons  X  20  cts 0.12 

Rolling  2  . 22  tons  X  5  cts 0.11 

Puddling  2.22  tons  X  8  cts 0.18 

Subtotal $1.77 

10  %  overhead. o.  18 

Profit  20  %  +   0.36 

Manipulation  total $2.31 

Summary : 

Material  total $5-30 

Manipulation  total 2. 31 

Equipment  overhead o  .69 

Estimate $8.30  per  cubic  yard 

LOCAL  STONE  BITUMINOUS  MACADAM  TOP 

Same  as  for  imported  bituminous  macadam  using  estimate  (see 
,   1 130)  for  production  of  local  material.     See  also  local  stone 
nacadam,  sample  estimate,  page  1134. 

BITUMINOUS  MACADAM  TOP— IMPORTED  MATERIALS 

Amounts  of  Material  Required : 

Stone: 

Total  weight  of  limestone  (sp.  gr.  2.7  or  170  lb.  per  cubic  foot  solid) 
iccording  to  our  best  records  is  4250  lb.  per  cubic  yard  of  finished  bituminous 
nacadam  2^"  consolidated  depth  and  4350  lb.  per  cubic  yard  of  3"  consoli- 
lated  depth.     The  percentage  of  different  sizes  are  as'follows. 

iH  to  2^2"  size  crushed  stone  65  to  75  %  of  total. 
%  to  iM"  size  crushed  stone  20  to  15  %  of  total. 

Dustless  screenings  15  to  10  %  of  total. 

Bitumen: 

1 .5  to  1 .75  gal.  single  coat  per  square  yard. 

2.0  to  2.25  gal.  double  coat  per  square  yard. 
Single  coat  recommended  on  steep  grades. 

Jost  of  Manipulation : 

Overhead  charge  (interest,  depreciation,  repairs,  bonds,  etc.). 
Short  jobs  (i>£  miles  or  less,  eliminations)  Si. 00  per  consolidated  cubic 
/ard. 

Long  jobs  (erdinary  contracts) So  .60  per  consolidated  cubic 

^ard. 

interest  on  Cost  of  Materials  and  Freight  6  %. 

Profit : 

Allow  enough  to   give   15  %  net  profit  for  job  over  and  above  overhead 
ind  interest  charge. 
Unit  prices  based  on: 
Labor  50  cts.  per  hour. 
Teams  90  cts.  per  hour. 

5-ton  trucks  S3  .00  per  hour. 
iK-ton  trucks  Si  .50  per  hour. 
Unloading  Stone : 
Small  jobs  2 . 2  tons  at  35  cts.  per  ton. 
Large  contracts  2  . 2  tons  at  16  cts.  per  ton. 
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Hauling : 

[  Bad  conditions^  2  .2  tons  at  55  cts.  per  ton  mile 
Teams  I  Average  conditions  2  .2  tons  at  50  cts.  per  ton  mile 

(  Good  conditions  2  . 2  tons  at  40  cts.  per  ton  mile 
Tr  cks  /  Short  haul,  20  cts.  per  ton  mile 

\  Long  haul  (over  1 .5  miles)  16  to  18  cts.  per  ton  mile. 

Spreading  Stone : 

No.  3  stone  1.5  tons  at  18  cts.  per  ton. 
Screenings  and 

No.  2  stone  0.7  tons  at  70  cts.  per  ton. 

Rolling : 

2  . 2  tons  at  12  cts.  per  ton. 
Heating  and  Spreading  Bitumen  . 

Small  jobs  2  .25  gal.  at  5  cts.  per  gallon. 
Long  jobs  2 .  25  gal.  at  3  cts.  per  gal. 

Hauling  Bitumen : 

o  .  1  ct.  per  gallon  per  mile. 


BITUMINOUS    MACADAM    TOP— IMPORTED    MATERIALS    SHORT 
JOBS  ELIMINATIONS 

Sample  Estimate 
Materials : 

2.2  tons  f.o.b.  delivery  point  $1.15  +  $1.00  per  ton  freight $4-73 

27  gallons  bitumen  f.o.b.  delivery  point  at  10  cts.  per  gallon 2  .70 

6  %  on  materials  and  freight o  .  45 


Materials  total $7.88 

Manipulation : 

Unloading  stone  (2  .2  tons)  at  35  cts.  per  ton $0.77 

Hauling  stone  2  . 2  tons  2  miles  at  16  cts.  per  ton  mile o .  70 

Spreading: 

1 .5  tons  No.  3  stone  at  18  cts.  per  ton o  .27 

0.7  tons  screenings  No.  2  at  70  cts.  per  ton 0.50 

Rolling  2  . 2  tons  at  1 2  cts.  per  ton 0 .  26 

Hauling  bitumen  27  gal.  at  0.1  ct.  per  gallon  mile 1 .35 

Heating  and  spreading  bitumen  27  gal.  at  0.05  cts 1 .35 

Manipulation  total.  ...,.  = $3  -90 

Summary : 

Material  total I  7-88 

Manipulation  total 3  •  90 

Overhead 1 .  00 

Net  profit 0.80 

Total $13  .58  per  cubic  yard  in  place. 

Say  $13  .60  per  cubic  yard  including  bitumen  or  $1 .  15  per  square  yard. 
Long  contracts  run  about  $1  to  $1 .  10  per  square  yard  3"  consolidated  depth. 


BITUMINOUS  CONCRETE  SURFACE— HOT  MIX 

Materials  Required : 

The  amount  of  materials  will  vary  considerably  depending  on  the  source 
of  supply  (see  Design  of  Bituminous  Concretes  p.  495)«  For  weight  per 
consolidated  cubic  yard  see  page  496. 
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Cost  Estimate  (Per  Ton) 


Materials  (f.o.b.  plant  switch): 

Stone 

Sand 

Dust  (filler) 

Asphalt 

Subtotal 

6  %  on  materials  and  freight . 


Material  total  per  ton 

Manipulation  (Per  ton) : 

Unloading $0 .  16 

Mixing  (labor  and  fuel) 1 .  00 

Hauling  at  18  cts.  per  ton  mile 

Spreading  (labor) o  .  60 

Rolling  and  finishing  (labor  and  fuel) 0  .  20 


Subtotal 

10  %  overhead 

Profit $1.00  + 


Manipulation  total 

Summary : 

Material  total 

Manipulation  total 

Plant  overhead,  etc $ o  .  80  to  $2  .  00  (see  p.  1 264) 


Estimate  per  ton 

TOPEKA  TOP  COURSE— IMPORTED  MATERIALS 

Sample  Estimate 

Materials  (Per  ton  finished  pavement): 

500  lb.  stone      at  $  2.15  per  ton  (f.o.b.  plant) $0.54 

1 160  lb.  sand       at       1 .75  per  ton  (f.o.b.  plant) 1.02 

170  lb.  dust        at       6.00  per  ton  (f.o.b.  plant) 0.51 

170  lb.  asphalt  at     1 5  .  00  per  ton  (f.o.b.  plant) 1.28 

$3-35 
6  %  on  material  and  freight 0.20 

Material  total $3-55 

Manipulation  (Per  ton  finished  pavement) : 

Unloading $0.16 

Mixing 1 .00 

Hauling  2  miles o .  40 

Spreading 0.60 

Rolling  and  finishing o .  20 

Subtotal $2  .  36 

Overhead  labor o .  24 

Profit $1 .00 

Manipulation  total S3  .  60 

Summary : 

Material  total $3-55 

Manipulation  total 3  .  60 

Equipment  overhead 1 .  05 

Estimate  per  ton , $8   20 
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SHEET  ASPHALT  SURFACING 

Cost  data  from  city  pavements  by  Besson 

Recapitulation  of  Cost. — For  a  surface  iW  in  thickness,  sheet  asphalt 
pavement  costs  may  be  tabulated  as  follows;  that  for  materials,  of  course, 
depending  greatly  upon  local  conditions,  while  the  other  costs  should  fluc- 
tuate to  a  much  less  degree. 

Sand  at  $0.80  ton,  120  lb.  = $0,048  per  sq.  yd. 

Dust  at  $5.00  ton,  30  lb.  = o . 075 

Asphalt  at  $15.00  ton,  15  lb.  = 0.113 


Total  for  materials 

Plant  charges  at  100  days  per  year o  .075 

Labor  at  the  plant o .  090 

Fuel o .  030 

Total  at  the  plant 

Transportation  at  $9  per  ton 

Spreading  the  mixture 

Surface  finishing 

Total  for  operating 

10%  foreman  and  overhead 

10%  contingencies 

15%  contractor's  profit 


$0,236 


0 

195 

0 

075 

0 

045 

0 

015 

to 

566 

0 

057 

0 

■  O.S7 

0 

085 

Estimated  bid  price  per  sq.  yd. 


$0.77 


CEMENT-CONCRETE  PAVEMENT— IMPORTED  MATERIALS 

Typical  Equipment — Pavement  Proper 


Item 

Approximate 
value 

Approximate 

yearly  charge 

including  interest, 

depreciation, 

repairs,  storage, 

taxes,  etc. 

Mini- 
mum 

Maxi- 
mum 

Clam  shovel  or  elevator  unloader. . 
Bin  and  batcher 

$  2,000  to  $  8,000  $      600 
1,000  to      3,0001         300 

5,000  to     10,000       i-cnni 

$  2,400 
900 

7,000 

3.500 
2,400 

300 

3,000 

500 

10  to   20  Ford  trucks  or  smaller 
number  of  large  trucks 

Six-  _  to  seven-bag  batch  concrete 
mixer 

6,000  to       7,000 
2,000  to      3,000 

200  to          300 

4,000  to      6,000 

800  to       1,500 

3.000 
1,600 

200 

2,000 

200 

3,000  lin.  ft.  steel  forms 

Small  tools  for  mixing,  placing,  and 
finishing 

25,000'+  water  pipe  line 

Pumping  equipment 

First  totals 

$21,000  to  $38,ooo'$n,400 
16,000  to    31,000      8,000 

$20,000 
13.000 

Second  totals  exclusive  trucks. . . 

Moving  plant  and  installing  on  job 

$      500 

$  1 ,000 

Average  yearly  output  5  to  8  miles  of  road  =  10,000  to  20,000  cu.  yd.  per 
year. 

First  total $12,000  to  $21,000 

Second  total $  8,500  to  $14,000 

Approximate  average  overhead  on  equipment  per  cubic 

yard  of  pavement $1 .00  to  $1 .50 

Approximate1    average    overhead    exclusive    of    haulage 

which  is  often  sublet $0 .  70  to  $  1 .  20 

1  Note. — Haulage  is  often  sublet  or  trucks  hired  by  the  day  which  becomes 
pay-roll  charge. 


CEMENT  CONCRETE  PAVEMENTS  1145 

Materials  Estimate  per  Cubic  Yard  of  Pavement: 

Cement: 

i:iH:3mix 1.9  bbl.  (at per  bbl 

1:2      :3  mix 1.7  bbl.  >      f.o.b.    unloading    point,    bags 

1:2      : 4  mix 1.6  bbl.  J  returned. 

Sand  (Loose  measure)  i1 

1:  iH  ■  3  mix. . . .   o  .42  cu.  yd.  J  at cubic        d 

1:2      : 3  mix . . . .   o .  52  cu.  yd.         f     b  u^loading  point 

1:2      :4mix 0.45  cu.  yd.  J  otr 

Crushed  Stone  or  Screened  Gravel  (Loose  measure):1 

i:iH'3  mix....   0.85  cu.  yd.  ]  at     per  cubic  yard 

1:2      : 3  mix ... .   o .  77  cu.  yd.         f     b>  unioading  point 

1:2     :4mix 0.90  cu.  yd.  J  Jo   10 

Expansion  Joints • • : 1 "  V  *  v."         ' 

Steel  Reinforcement:    ...  to  ...  lb.  per  cubic  yard  concrete  f.o.b. 

unloading  point 

Total • •. ;. ; 

Allow  10  %  for  wastage  and_excess  of  actual  quantities  over  net 

Allow  6  %  for  demurrage,"  interest,  and  profit  on  materials 


Material  estimate  total ...... v:/  ••'*•.-  •,.        ... 

1  Note.— Sand  and  stone  is  usually  sold  by  the  ton  and  the  weights  will 
vary  considerably  for  different  sources  of  supply,  sizes  ordered  and  whether 
sand  is  washed  or  taken  directly  from  pit.  The  weight  per  cubic  yard  loose 
measure  as  shipped  must  be  determined  for  each  separate  case  (see  pp.  1180 
and  1182). 

Labor  and  Fuel  Costs  (per  cubic  yard  concrete) : 
Unloading  and  batching: 
Cement: 

70%  direct  car  to  trucks  5  cts.  per  bbl. 

30%  storage  and  rehandling  15  cts.  per  bbl. 

1  •  1 M  •  3  mix  2  bbl.  at  8  cts. 

1*2 "3  mix i-8  bbl.  at  8  cts.  >    =  $0.16  — 

1:2     -4  mix! '.'.'.'.... 1-7  bbl.  at  8  cts.  J 

Sand  and  Coarse  Aggregate: 

1.5  cu.  yd.  at  20  cts.  per  cubic  yard  (loose  measure) »o .  30  ± 

Steel  reinforcement lb.  at  .02  ct.  per  pound 

Hauling  (Trucks  including  depreciation,  repair,  etc.) : 
Cement: 

1 . 7  to  2  .0  bbl.  at  3  •  5  cts.  per  barrel  mile 

Sand  and  Stone: 

1.5  cu.  yd.  at  21  cts.  per  cubic  yard  mile  over  1 .5  miles    1 

26  cts.  per  cubic  yard  mile  under  1 . 5  miles  /  ' " 
Steel: 

to lb.  at  0.02  ct.  per  pound  mile 

Manipulation : 

Forms per  cubic  yard  pavement  $Os  12 

Mixing per  cubic  yard  pavement  o .  11 

Placing  concrete per  cubic  yard  pavement  0.15 

Placing  steel  and  joints .    per  cubic  yard  pavement  0.04s   • 

Finishing  steel  and  joints  per  cubic  yard  pavement  0.105 

Cover  and  curing per  cubic  yard  pavement  o  .  25 

Water  supply per  cubic  yard  pavement  o  .07 

Total 

10%   overhead • 

Profit |i  .00  to  *i  .50 


Pay  roll  total  estimate. 


Summary : 

Pay  roll  total 

Material  total 

Equipment  total  (exclusive  hauling) ...   $1 .00  ± 


Estimate Per  Cubic  yard  pavement 
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Sample  Estimate 

(iW  —  6H"  -  7K")  (1:  lH'  3  mix)  (Imported  materials) 
Large  job  10  miles  in  length. 

Materials  (Imported):1 

1 . 9  bbl.  cement  f.o.b.  switch  at  $2.50  per  bbl $4-75 

0  .  42  cu.  yd.  sand  f.o.b.  switch  at  $2  .  50  per  cubic  yard 1 .  05 

0.85  cu.  yd.  stone  f.o.b.  switch  at  $2  .60  per  cubic  yard. 2  .20 

Expansion  joints  per  cubic  yard  pavement o .  10 

25-lb.  steel  per  cubic  yard  pavement  at  3  cts o  .75 

Total $8.85 

10%  wastage  . 0.30 

6%  on  materials o.6o 

Materials  total $9-75 

1  Note. — Where  local  materials  are  used,  use  material  estimate  forms, 
pp.  1 130  to  1 132 

Manipulation : 

Unloading: 

Cement $0.16 

Sand  and  stone 0.30 

Steel o  .01 

Hauling  (2  miles) : 

Cement  2  X  1.9  X  3-5  cts $0 .  14 

Sand  and  stone  2  X  1. 5  X  21  cts 0.63 

Steel  25  X  0.02  ct 0.01 

Mixing,  placing,  curing,  etc.  0.85 

Subtotal $2  . 1  c 

Profit 1 .  oc 

10%  overhead 0.21 

Pay  roll  total $3 -3i 

Summary : 

Pay  roll  total ...  $  3.31 
Material  total . .  9.75 
Equipment 

overhead 1.04 

Estimate. .  . .    $14 .  10  per  cubic  yard  =  $2.75  per  square  yard  7"  depth. 


BRICK  SURFACING 
Materials  Required : 

Brick:  40  per  sq.  yd.  usual  standard  (3K"  by  4"  by  9"). 

Sand  cushion  (1"  thick) :  o  .  028  cu.  yd.  per  square  yard. 

Cement  grout  (1  to  1) :  o  .03  bbl.  cement  o  .05  cu.  yd.  sand  per  square  yard. 

Sand  cover  (1"  thick) :  o  .028  cu.  yd.  per  square  yard. 


Amount  of  Cement  and  Sand  Different  Mortars  (per  Cubic 

Yard  Mortar) 


1 :  1  mix 
1:  1%  mix, 
1:  2  mix, 
1 :  3  mix , 
1 :  4       mix , 


4.8  bbl.  cement 
3  .88  bbl.  cement 
3  .  20  bbl.  cement 
2  .40  bbl.  cement 
1 .90  bbl.  cement 


0  .77  cu.  yd.  sand 
0.86  cu.  yd.  sand 
0.95  cu.  yd.  sand 

1  .07  cu.  yd.  sand 
1 .  12  cu.  yd.  sand 


For  typical  estimates,  see  below  and  page  12 14. 


BRICK  AND  STONE  BLOCK  1147 

Cost  Data  from  City  Pavements 
By  Besson 

Cost  Data. — Typical  data  (1922)  for  the  cost  of  a  brick  surface  per  square 
yard  are  as  follows: 

Per 

Square 

Yard 

36  bricks  at  $50  per  thousand  (3"  depth) $1 .80 

Handling  to  trucks 0.02 

Hauling 0.20 

Piling  on  street 0.02 

Laying  and  rolling o .  10 

Bituminous  filler  (plus  10  to  15  cts.  if  poured) 0.18 

Sand  cushion  (plus  10  cts.  if  cement  is  added) 0.08 

$2.40 

15%   contingencies  and  overhead 0.36 

15%  profit 0.36 

Estimate $3.12 


Cost  Data  from  City  Pavements 
By  Besson 

Stone  Block  Surfacing 

Cost  Data. — Typical  data  (1922)  for  the  cost  of  a  granite-block  surface  are: 

Per 

Square 

Yard 

50  blocks  at  $120  per  thousand $3  .60 

Handling  to  trucks o .  03 

Hauling • 0  .32 

3iling  on  street 0.02 

^aying  and  ramming 0.30 

VTastic  filler 0.30 

sand  cushion  (plus  25  cts.  if  cement  is  added) 0.13 

$4.60 

Contingencies  and  overhead 0 .  50 

'rofit 0.70 

Total  estimate $5  •  80 
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Sample  Estimate  Form  for  Pipe  Culverts  Western  New  York 

u  at 

•no 

Approximate  costs  per  foot  of  length 

O 

+3 

o* 

ac 

T£ 

O 

U    0) 

3 

B 

c 

S/5 

Size  and  kind 

4>     . 

c 

0, 
"2    S 

B  ° 
b  0  s 

bO 
C 

•3 

O 

0. 
bo 
.5 

0  bo  so 
'-J3.C.S 

S   3  O 

to 

•°  PS1 
SI'S 

fcr  0  0 

0 

3 

S3  C  C 

t-H 

.2 
'3 
1-1 

< 

Light-weight         standard 

water  pipe  ($50  per  ton) : 

12"  cast  iron 

2.00 

0.07 

0.01 

0  .09 

0.02 

$3-00 

14"  cast  iron 

2.50 

0.07 

0.01 

0.09 

0.03 

3-50 

16     cast  iron 

3-00 

0.08 

0.02 

0.10 

0.03 

4.00 

18"  cast  iron 

3-75 

0.12 

0.03 

0.15 

0.04 

5  00  | 

Lock-joint    cast-iron   cul- 

vert pipe: 

12" 

2.4S 

0.03 

0.01 

0.06 

0.02 

3-50 

K 

2.65 

0.04 

O.OI 

0  .06 

0.03 

3-70 

16" 

3.26 

0.05 

0.01 

0.07 

0.03 

4.00 

18" 

3.67 

0  .06 

0.015 

0.09 

0.04 

500 

24" 

6.52 

0.08 

0.02 

0.12 

0.06 

750 

Corrugated  metal 

12" 

1 .  20 

O.03 

O.OI 

0.03 

1 .60 

16"/ IS 

0.03 

O.OI 

0.03 

1.60 

0.03 

0.015 

0.03 

2.00 

18" 

1.90 

O.O4 

0.02 

0.04 

2.50 

24" 

2.80 

0.05 

0.02 

0.05 

3    50 

Reinforced  concrete: 

12" 

0.90 

0.02 

O.OI 

0.06 

0.02 

I  .70 

IS" 

1 .10 

0.03 

O.OI 

0.06 

0.03 

2.00 

18" 

1 .40 

O.O4 

0.02 

0.07 

0.04 

2.30 

24" 

2  .20 

0.06 

0.02 

0.08 

0.06 

350 

Double-strength2  vitrified 

pipe: 

12" 

O.70 

0.02 

O.OI 

0.06 

0.02 

0  .90 

15" 

0.90 

0.03 

O.OI 

0.06 

0.03 

I  .30 

18" 

1 .40 

0.04 

0.02 

0.07 

0.04 

I  .60 

24" 

2.40 

0.06 

0.02 

0.08 

0.06 

3.00 

1  Prices  for  pipe  are  for  car  load  lots. 

2  Where  vitrified  pipe  is  used  it  is  generally  jacketed  with  concrete  th 
cost  of  which  must  be  added  to  the  figures  given  in  the  tabulation.  Fo 
weights  and  dimensions  of  culvert  pipe,  see  Chap.  XIV,  pp.  1079  to  1084. 


SEWERS 
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NOTE'.  Diagram  gives  cosi  per  -Foot  plain  pipe. 
For  concrete  jacketed pipe  add  the  -following  amounls_ 

l?"pipe  $  0.4S  per  lih.fl.  4"jacker 


20 
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1.40  »    » 

»    6 
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Average  cost  sewers.      (Lima,  Ohio,  1921.) 
Fig.  325. 
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NOTE!  These  Cosls  do  noi include  relaying 
of  Pavement  or  curling  Pavement 


NQTE'.Coniraci  Price  -for  Extra  Concrete 
in  Soft  Ground  Sections  $10 per  cu.ud. 
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Average  cost  sewers.      (Lima,  Ohio,  1921.) 
Fig.  325. — {Continued.') 


COST  ESTIMATE  FORMS— BRIDGE  AND  CULVERTS 

Earth  Excavation   (Foundations) : 

Dry-earth  hand  work $2.50  per  cubic  yard 

Wet-earth  hand  work 3.50  per  cubic  yard 

Dry-earth  steam  shovel 0.80  per  cubic  yard 

Dry-earth  slip  scrapper 0.60  per  cubic  yard 

Rock  Excavation : 

Removing  old  masonry 4.00  per  cubic  yard 

Rock  in  foundations 5.00  to  6.00  per  cubic  yai 

Shale  in  foundations 4.00  per  cubic  yard 

Cofferdams  or  Flumes : 

$80  per  M  ft.  b.m.  in  place  required  for  protection. 

Timber  Piles: 

$1.00  per  foot  for  driving  (small  jobs). 
0.50  per  foot  for  driving  (large  jobs). 
0.40  per  foot  delivered  at  bridge. 

Bar  Steel:  Use  6  cts.  per  pound  in  place  except  for  thin  reinforced  side  wa 
culverts  in  which  case  use  8  cts.  per  pound. 


CONCRETE  CULVERTS  1151 

tolled  Beams  (Usual  bid  6  cts.  per  pound) : 

Cost  f.o.b.  switch $0,032  per  pound 

Unload  to  trucks 0 .001 

Hauling  per  mile 0.001  per  pound 

Erecting o .  005  per  pound 

Total $0,039 

10  %  overhead 0.005 

Profit 0.008 

Total $0,052 

Note. — Add  $0,001  per  mile  for  each  mile  over  first  mile. 
Structural  Steel  (In  place) : 

Usual  estimate!  J  ftF^^iff^J^5' 
[  7-5  cts.  per  pound  trusses. 

Dismantling  steel  superstructure $10  .00  per  ton 

Repointing  old  masonary o  .05  per  sq.  ft. 

dement:  Allow  30  cts.  per  barrel  net  profit. 

Cost  per  barrel  f.o.b.  unloading  switch $2 .  44 

Unload  to  trucks 0.08 

Haul  at  3.5  cts.  per  mile  per  barrel o .  04 

Incorporating  in  mis  (included  in  concrete  manipulation) o .  00 

Total $2.56 

5%  overhead 0. 14 

Profit 0.30 

Estimate  per  barrel  for  i-mile  haul $3  •  00 

Add  3.5  cts.  for  each  mile  over  i-mile  haul. 

:OST  ESTIMATE  FORMS— CONCRETE  CULVERTS  AND  BRIDGES 

Profit : 

Allow  $2  per  cubic  yard  net  profit  over  and  above  all  costs  including  equip- 
nent,  overhead  bonds,  liability,  etc. 
Materials  (10%  wastage  allowed  on  sand  and  stone): 
1:  2%:  5  abutment  concrete: 

0.5  cu.  yd.  (0.75  ton)  sand  f.o.b.  switch   \ 

1.0  cu.  yd.  (1.2  tons)  stone  f.o.b.  switch  / 
1:2:4  culvert  concrete: 

o .  48  cu.  yd.  (0 .  73  ton  )  sand  f.o.b.  switch   1 

0.95  cu.  yd.  (1.14  tons)  stone  f.o.b.  switch  / 
1:2:3^*2  concrete: 

0.52  cu.  yd.  (o .  77  ton  )  sand  1 

0.92  cu.  yd.  (1.1  tons)  stone  J 

Total 

6  %  overhead 

Material  total 

Manipulation  (per  cubic  yard  concrete) : 

Unload  (1.5  cu.  yd.  sand  and  stone): 

By  hand  (small  jobs)  60  cts.  per  cubic  yard $0.90 

By  machinery  (large  jobs)  20  cts.  per  cubic  yard 0.30  + 

Hauling  (1.5  cu.  yd.): 

Hand  loading  less  than  1 . 5  miles  at  40  cts.  per  yard  pile 
Bin  loading  less  than  1 . 5  miles  at  25  cts.  per  yard  mile 
Bin  loading  hauls  over  1 . 5  miles  at  20  cts.  per  yard  mile 

Per 
Cubic 

Forms:  Yard 

Small  culverts  5'  span  or  less $  3  •  00 

BR  10 1  standard  culverts 4. 00 

701  abutments 2 .  50 

703  abutments 2 .  00 

Slab  decks 6 .  00 

T-beam  decks 8.00 

Jack-arch  decks  (corrugated  metal) 5  •  00 

Trestles  (25  height) , 13  •  00 

Parapets  (fancy) 10  .00 

Reinforced-concrete  arch  rings 10. 00 
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Per 

Cubic 

» r-  •            -  ™     .  Yard 

Mixing  and  Placing: 

Culverts  (standard) $  2 .  oo 

Abutments '  i !  50 

Superstructures  slab \  2  00 

Superstructures  T  and  Jack  arch 2 .  50 

Parapets 3 .  00 

BR  10 1  culverts 2   no 

Rub  Finish:  

Abutments  and  wings $  0.30 

Parapets  and  copings  (fancy) 3  .  00 


Total 

10%  overhead 

Manipulation  total. 


CONCRETE  SUMMARY 

Per 
Cubic 

w  •    «  .  Yatd 

Material  total 

Manipulation  total 

Equipment  overhead *i  00 

Profit 2. 


00 


Total  estimate. 


CONDENSED  SCHEDULE  OF  CULVERT  AND  BRIDGE 
CONCRETE  PRICES  DIVISION  4,  WESTERN  NEW  YORK,    1926 

(Compiled  by  W.  G.  Harger  from  Cost  Data  Collected  in  1926) 
General  Basis  of  Costs: 

0.75  ton  sand  per  cubic  yard  concrete. 

1 .  15  tons  stone  or  gravel  per  cubic  yard,  concrete. 

Cost  of  sand  and  stone  per  cubic  yard  concrete,  $3 .  60  f  .o.b.  unloading  point. 

Unloading  by  hand  shoveling  from  cars. 

Average  haul  4  miles  switch  to  work. 

Note. — To  correct  for  other  conditions  of  cost,  proceed  as  follows: 

Correct  prices  directly  for  difference  in  cost  of  materials  f.o.b.  switch 
unloading  point. 

If  stone  and  sand  and  unloaded  mechanically,  reduce  prices  of  concrete 
60  cts.  per  cubic  yard. 

If  haul  is  not  4  miles,  either  add  or  subtract  35  cts.  for  each  mile  over  01 
under  the  4  miles  estimated. 

Typical  Unit  Costs  of  Concrete  (4-mile  haul) 
(Cement  and  reinforcement  not  included) 

Per 
Cubic 

Standard  culverts  (under  5'  span)  Fig.  65,  page  221 $i5 .  00 

BR  101  culverts  (6  to  10'  span)  Fig.  67,  p.  224 17  .  00 

Abutment  and  wings  (Br  701  to  703)  Fig.  69B,  page  241 13^50 

Slab  floor  concrete  (Br  201)  Fig.  69A,  page  237 18.00 

Jack-arch  floor  concrete  (Br  301)  Fig.  76A,  page  276 isioo 

T-beam  floor  concrete  (Br  401)  Fig.  73A,  page  252 21^50 

Parapet  concrete  (Br  201,  301,  and  401)  Fig.  73A,  page  252 27.00 

Reinforced-concrete  arch  rings  Fig.  71  A,  page  249 23 .  50 

Trestle  concrete-railway  crossing  designs,  approximately 28.  50 

Typical  Cost  Estimates 

Small  jobs  assuming  material  unloaded  by  hand  before  regular  unloading 
equipment  is  installed. 

Culverts  (Less  than  5'  span)  (mass  concrete) 
1:2:4  mix) : 

Sand  $1.70  per  ton  f.o.b.  switch. 
Stone  $2.10  per  ton  f.o.b.  switch. 
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Materials.' 

0.73  tons  sand  at  $1.70 $1 .24 

1. 14  tons  stone  at  $2.10 2  .40 

Total $3 .64 

6  % 0.22 


Materia  total $3  .  86 

Manipulation: 

Unload  by  hand  1.43  cu.  yd.  at  60  cts $0  .86 

Haul  1.43  cu.  yd.  4  miles  at  25  cts.  per  mile 1 .43 

Forms , 3.00 

Mixing  and  placing 2.00 

Rub  finish 0.30 


Total . . $7.59 

Exclusive  of  hauling  10%  overhead o  .62 


Manipulation  total $8.21 

Note. — Add  or  subtract  35  cts.  for  every  mile  over  or  less  than  4  miles  as 
hown. 

'ummary: 

Material  total $3.86 

Manipulation  total 8.21 

Equipment  overhead 1 .  00 

Profit 2  .00 


$15  .07,  say  $15,  does  not  include  cement  or 
reinforcement. 

ulverts  (BR  101  standard  6  to  10'  span  reinforced  side  walls  and  bottom): 

1:  2:3^  mix): 

Sand  $1.70  per  ton  f.o.b.  switch.  \ 

Stone  $2.10  per  ton  f.o.b.  switch. 
laterials: 

0.77  ton  sand  at  $1.70 $1 .32 

1.1  tons  stone  at  $2.10 2  .32 


J°tal $3  ■  64 

0% 0.22 


Material  total $3  .  86 

ianipulation: 

Unload  1.44  cu.  yd.  stone  and  sand  at  60  cts $0 .  86 

Haul  1.44  cu.  yd.  4  miles  at  25  cts.  per  mile 1  '43 

Forms. 4.00 

Mixing  and  placing 2.50 

Rub  finish 0^30 


.  $9.09 

Exclusive  of  hauling  10  %  overhead o  .  77 


Manipulation  total $9.86 

Note. — Add  or  subtract  35  cts.  for  every  mile  over  or  under  a  4-mile  haul 
ummary: 

Material  total $  3  .  86 

Manipulation 9 .  86 

Equipment  overhead 1 .00 

Profit 2.00 


$16.72,  say  $17,  does  not  include  cement  or 
reinforcement. 

butment  Costs  (BR  701-703)  see  Fig.  69JB,  page  241. 
1:  2^:  5  mix: 

Sand  $1.70  per  ton  f.o.b.  switch. 
Stone  $2.10  per  ton  f.o.b.  switch. 
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Materials: 

0.75  ton  sand  at  $1.70 $1 .27 

1.2  tons  stone  at  $2. 10 2  .  52 


Total S3-7S 

6  % o  .  2j 


Material  total $4.02 

Manipulation: 

Unload  by  hand  1.43  cu.  yd.  at  60  cts $o.8( 

Haul  1.5  cu.  yd.  4  miles  at  25  cts.  per  yard  mile 1 .5< 

Forms 2  .  oc 

Mixing  and  placing 1 .5c 

Rub  finish 0  . 3( 


$6.  it 

Exclusive  of  hauling  10%  overhead 0.4', 


Manipulation  total $6  . 6; 

Note. — Add  or  subtract  37  cts.  per  mile  for  each  mile  of  haul  over  or  unde: 
4  miles. 

Summary: 

Materials $  4.02 

Manipulation 6 .63 

Equipment  overhead 1 .00 

Profit 2.00 


$13-65,  say  $13.50  per  cubic  yard,  does  no 
include  cement  or  reinforcement 

Slab  Deck  Concrete  (BR  201)  and  Jack-arch  Deck  Concrete  (BR  302)  Fig 

76 A,  page  276: 
1:2:  zx4  mix: 

Sand  $1.70  per  ton  f.o.b.  switch. 
Stone  $2.10  per  ton  f.o.b.  switch. 

Materials: 

0.77  ton  sand  at  $1.70 $  1 .31 

1.1  tons  stone  at  $2.10 2.3 


Total $  3.6- 

6  % 0.2 


Material  total $  3.8 

Manipulation: 

Unload  by  hand  1.44  cu.  yd $  0.8' 

Haul  1.44  cu.  yd.  4  miles 1.4 

Forms 6.0 

Mixing  and  placing 2.0 


$10.2 
Exclusive  of  hauling  10%  overhead 0.8 

Manipulation  total '. $11.1 

Note. — Add  or  subtract  35  cts.  for  e^.ch  mile  hauled  over  or  under  4  miles 

Summary: 

Material  total $  3-86 

Manipulation  total 11. 17 

Equipment  overhead 1 .00 

Profit 2.00 


$18.03,   say  $18,  exclusive  of  cement  an 
reinforcement. 

T-beam  Superstructures  (BR  401)  and  Reinforced-concrete  Arches: 

1:  2:  3H  mix: 

Sand  $1.70  per  ton  f.o.b.  switch. 
Stone  $2.10  per  ton  f.o.b.  switch. 
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Materials: 

0.77  ton  sand  at  $1.70 $   1.32 

1.1  tons  stone  at  $2.10 2.32 


J°tal $  3.64 

0  /o 0.22 


Material  total $  3 .  86 

Manipulation: 

Unload  by  hand  1.44  cu.  yd $  0.86 

Haul  1.44  cu.  yd.  4  miles 1^43 

Forms  (T-beam  construction') 8 .  00 

Mixing  and  placing *  .  '  2  i  so 

Finishing ...,.'  o .  50 

Total |I3 .  29 

Overhead  10%  exclusive  of  hauling 1 .  18 


Manipulation  total $14.47 

Note. — Add  or  subtract  35  cts.  for  each  mile  hauled  over  or  under  4  miles 
s  estimated. 
'ummary: 

Materials.  . .  .' 

Manipulation. .  , 

Equipment 

Profit 


$  3 

86 

14 

47 

I 

00 

2 

00 

$21.33  T-beam. 
23 .  50  arch  rings. 
arapet  Concrete  (BR  201,  302,  and  401): 
1:2:  3>£  mix: 

Sand  $1.70  per  ton  f.o.b.  switch. 
Stone  $2.10  per  ton  f.o.b.  switch. 
laterials: 

0.77  ton  at  $1.70 {   1   32 

1.1  tons  at  $2.10 2.32 


67  $  3"64 

0  /o 0.22 


Materials $  3 .  84 

(anipulalion: 

Unload. $  0 .  86 

Haul  4  miles 1 .  43 

F?rms "...    '..'.'.'.  I0  ]  00 

Placing 3   00 

Finishing , 3  00 


T    k              i.     a  $18.29 

Labor  overhead 1.68 


Manipulation $19.97 

Note. — Add  or  subtract  35  cts.  per  mile  over  or  less  than  trie  4  miles 
timated. 

immary: 

Materials $  3.84 

Manipulation 19.97 

Equipment 1 .  00 

Profit 2.00 

$26.81,  say  $27. 

Incidental  Items.— Incidental  minor  item  prices  should  be  com 
led  for  the  locality  in  question  and  the  specifications  and  desig" 
ed  locally.     The  following  list  is  for  items  in  Western  New  York 
926): 
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SAMPLE  COST  ESTIMATES 

Incidental  Items  (see  also  Chap.  XII,  p.  768): 

Clearing  and  Grubbing: 

Sage  brush $  20  to  $  60  per  acre 

Small  trees  and  brush 100  to     150  per  acre 

Large  trees,  heavy  growth 300  to     500  per  acre 

Pipe  underdrain  (exclusive  excavation  and  porous  filling) : 

4"  vitrified  pipe $0.25  per  linear  foot 

6"  vitrified  pipe 0.35  per  linear  foot 

Relaying  old  pipe  o .  20  per  linear  foot 

Manholes 10.00  per  foot  height 

Manhole  covers 0. 10  per  pound 

Pipes,  all  kinds  (see  p.  1148). 

Curbing: 

6"  medium  sandstone $2.10  per  foot 

Concrete  curb,  includes  cement 25  per  cubic  yard 

Resetting  old  curb 1 .00  per  foot 

Curb  bar  for  concrete  curb 0.30  per  foot 

Gutters: 

Cobble,  cement  joints $   1.25  per  square  yard 

Concrete,  includes  cement 18  per  cubic  yard 

Guard  rail: 

Wooden $  0.75  per  linear  foot 

Resetting  old  rail o  .  50  per  linear  foot 

Steel  cable,  concrete  posts 1 .  50  per  linear  foot 

Concrete  guide  posts  set  6'  to  8'  centers       3  .  00  each,  $0 .  50  per  lin.  ft. 

(Cost  at  plant  $1.60) 

2"  pipe  rail _ .$  3  .  00  per  linear  foot 

Scarifying  and  reshaping  macadam o.  10  per  square  yard 

Maintaining  traffic 0  .  20  per  linear  foot 

Timber  and  lumber  in  place 80  per  M  ft.  b.m. 

Rip-rap 2 .  00  to  4.00  per  cubic  yard 

Grouted  rip-rap 7.00  per  cubic  yardexclusivec 

cement 

Repointing  masonry $  0.05  per  sq.  ft. 

Refinishing  old  concrete 0.15  per  sq.  ft. 

Repair  disintegrated  concrete o.  50  per  sq.  ft. 

Gunite  refinish 0 .  30  to  80 

Land  Damage  Costs. — It  is  desirable  to  establish  schedules  of  reasonabl 
values  for  locality  in  question  and  to  use  these  schedules  in  making  inith 
offers.  If  property  owner  is  not  reasonable,  condemnation  should  be  resorte 
to. 

Land  acquired,  twice  prevailing  acreage  value. 

Fruit  trees,  twice  capitalized  value  from  average  crop,  or  loss  from  tim 
required  to  plant  and  grow  other  trees. 

Moving  houses,  one  and  one-half  times  cost  of  moving  to  suitable  locatioi 

Western  New  York  Approximate  Schedules  (Condemnation 

Poor  gully  land $    so  per  acre 

Ordinal  farm  land 150  per  acre 

Vineyards 500  per  acre 

Orchards 700  per  acre 

Moving  houses 1000  each 

DETAIL    COST    DATA    AND    AMOUNTS    OF    MATERIAL; 

Cost  of  Earth  Excavation.— Table  211  shows  the  cost  of  earth 
work  on  four  roads  in  New  York  State  which  represent  eas) 
average,  and  difficult  work.  The  cost  per  cubic  yard  include 
excavation,  placing  in  fill,  fine  grading  for  pavement,  and  trimmin 
shoulders  and  ditches.  For  heavy  fills  with  short  hauls,  whet 
scrapers  were  used  but  the  largest  part  of  the  work  was  done  b 
team  plowing,  hand  shovelling  and  wagon  haul. 

Table  212  shows  the  cost  of  steam-shovel  rough  grading  includin 
excavation,  haul,  placing,  and  compacting.  This  job  was  no 
particularly  well  handled  and  is  somewhat  more  costly  than  weD 
managed  work. 
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Fine  Grading  for  Pavement. — Geneva-Dresden  Road,  New  York 
State,  season  of  1925. 

\verage   daily  output 220  sq.   yd.  of   fine  grading. 

L,abor  cost  per  day  (7  men),  $28 $0. 125  per  square  yard. 

ommon    labor    wage $0.40    per    hour. 

Rock  Excavation. — Rock  excavation  is  so  variable  in  cost  that 
10  effort  is  made  in  the  book  to  attempt  to  cover  this  item, 
headers  are  referred  to  "Rock  Excavation"  by  Gillette,  Myron 
Clark  Publishing  Company  and  other  excellent  books  for  detail 
lata  on  rock  excavation  costs. 

Cost  of  Unloading  Broken  Stone. — For  making  estimates  of  the 
juantity  of  stone  required  the  following  data  on  imported  limestone 
ised  on  Road  5021  will  be  useful.  The  approximate  sizes  and 
.ctual  weights  of  stone  on  this  work  were  as  follows: 

\fc>.  1  screenings,  %"  screen 2,550  lb.  per  loose  cubic  yard 

sTo.    iA   dustless  screenings, 

%"  screen  with  dust  jacket 2,350  lb.  per  loose  cubic  yard 

<Jo.  2,  1%"  screen ,  .  2,470  lb.  per  loose  cubic  yard 

^°-  3>  2H"  screen 2,350  lb.  per  loose  cubic  yard 

JK'  4>  3M"  screen 2,420  lb.  per  loose  cubic  yard 

For  purposes  of  estimating  the  cost  of  handling  imported  crushed 
imestone,  the  following  weights  for  a  cubic  yard,  based  on  railroad 
eights,  will  be  used:  No.  1,  2,600  lb.;  No.  iA,  2,400  lb.;  No.  2, 
,500  lb.;  No.  3,  2,400  lb.;  No.  4,  2,400  lb. 

Unloading  Cars  by  Hand. — On  Road  5021,  with  the  author  as 
ngineer,  a  number  of  short-time  (10-hr.)  estimates  made  the  cost 
f  unloading  per  ton  12  to  13.5  cts.;  and  the  cost  per  cubic  yard 
4  to  16  cts.  This  work  was  in  1910,  and  labor  cost  17.5  cts.  per 
our.  The  shoveling  was  done  from  a  steel  platform,  where  it  was 
umped  from  hopper-bottom  cars.  When  shoveled  from  inside 
he  cars  the  cost  may  run  as  high  as  20  cts.  per  cubic  yard.  The 
ost  of  shoveling  is  usually  estimated  at  15  cts.  per  cubic  yard. 

The  time  of  loading  1^2  cu.  yd.  wagons  by  hand  shoveling  will 
inge  from  8  to  12  min. 

Unloading  Cars  with  Continuous  Bucket  Conveyor  Elevator 
lant. — Where  there  is  a  large  quantity  of  stone  to  be  unloaded 
nd  it  is  not  possible  to  install  an  elevator  plant  on  the  existing 
rack,  it  often  pays  to  put  in  a  switch.  Six-car  switches  can  be 
sually  built  for  about  $300.  Where  there  are  competing  rail- 
)ads  no  charge  is  usually  made. 

The  following  data  are  from  Road  5046,  season  of  1910,  with 

bor  at  17.5  cts.  per  hour.  The  plant  consisted  of  an  ordinary 
mtinuous  bucket  conveyor  operated  by  a  6-hp.  gasoline  engine; 
le  bin  had  a  capacity  of  100  tons. 

The  average  fuel  consumption  was  5  gal.  of  gasoline  per  day. 
'ost  of  fuel  and  oil  averaged  $1  per  day. 

The  average  force  at  the  elevator  was  one  foreman  and  three 

lpers. 
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A  total  of  4,670  tons,  or  3,890  cu.  yd.,  was  unloaded  at  8.4  cts. 
per  ton,  or  10. 1  cts.  per  cubic  yard. 
The  cost  was  divided  as  follows: 

Setting  up  elevator  at  Scottsville $  60 .  00 

Setting  up  elevator  at  Mumford 40. 00 

Setting  up  elevator  at  Wheatland 75 .  00 

Labor  of  operation 194 .  00 

Gasoline  and  oil 25 .  00 

Total $394  ■  00 

This  method  of  unloading  is  not  only  cheaper  than  hand  methods 
but  also  cheapens  the  cost  of  hauling,  as  no  time  is  lost  in  loading 
the  wagons.  The  time  of  loading  a  ij^  cu.  yd.  wagon  from  bin; 
ranges  from  45  to  55  sec.  There  is  also  a  saving  in  car  demur 
rage  if  the  bin  holds  two  or  three  carloads. 

Elevator  unloading  saves  about  4  cts.  per  cubic  yard  on  tean 
time  and  about  5  cts.  on  the  unloading,  making  a  total  saving  pe 
cubic  yard  of  about  9  cts.  It  usually  costs  about  $150  to  ship  thi 
plant  and  install  it  the  first  time,  so  elevator  unloading  is  no 
adopted  unless  there  are,  at  least,  2,000  cu.  yd.  of  stone  handled. 

Unloading  Cars  from  Coal  Trestle. — These  data  are  taken  fron 
the  Scottsville  road  repair  work,  Harold  Spelman,  engineer,  seasoj 
of  1910;  labor  at  20  cts.  per  hour;  average  force,  two  or  three  men 
A  total  of  4,400  tons  was  unloaded.     The  cost  divided  as  follows 

Rent  of  trestle $125.00 

Labor 232 .  00 

Total $357  •  00 

Cost  per  ton 0.081 

Cost  per  cubic  yard o. 098 

Unloading  from  Canal  Boats. — The  plant  used  consisted  of 
portable  bin  and  a  horse-operated  derrick;   Road   5014;  Jame  j 
Anderson,  contractor.     The  average  amount  of  stone  unloade<  I 
per  day  was  150  tons.     The  cost  was  11. 5  cts.  per  ton,  or  14  cts 
per  cubic  yard,  divided  as  follows: 

1  team  and  driver $  4 .  00  (10-hr.  day) 

1  foreman 2 .  50  (10-hr.  day) 

6  laborers,  at  $1.75  per  day.  . .  .     10.50  (10-hr.  day) 

Total $1 7 .  00  (10-hr.  day) 

Unloading  Stone  and  Sand  from  Cars  to  Bin. — Clamshell  crant 
Erie  Type  B.  10,000  tons  stone  and  6,000  tons  sand  unloaded  i 
50  working  days.     Average  320  tons  per  day. 

Equipment,  Erie  clam  Type  B. 

Force: 

1  operator  at  81  cts.  per  hour $  8 .  10 

1  foreman  at  45  cts.  per  hour 4-5° 

2  men  in  cars  at  40  cts.  per  hour 8 .  00 

Fuel  and  oil  approximate 5°° 

$25.60 


UNLOADING  MATERIAL:  1161 

Approximate  cost  per  ton  8  cts.  exclusive  of  overhead  and 
:quipment  charge. 

Unloading  Sand. — Hand  shovelling  from  cars  to  trucks,  Road  188, 
^ew  York  State,  season  of  1926,  Geo.  B.  Gregg,  cost  inspector. 
Vverage  47  man-hours  per  car  of  60  tons.  600  tons  unloaded  at  a 
:ost  of  40.7  cts.  per  ton,  exclusive  of  overhead. 

Unloading  Stone  from  Cars. — Hand  shovelling  to  trucks.  Road 
88,  New  York  State,  season  of  1926.  Average  58  man  hours  per 
ar  of  60  tons;  720  tons  unloaded  at  cost  of  48.5  cts.  per  ton,  exclu- 
ive  of  overhead. 

Unloading  Cement  by  Hand  from  Cars  to  Trucks. — On  the 

eneva-Dresden  Road,  New  York  State,  1926,  with  a  common 
abor  rate  of  40  cts.  per  hour,  20,000  bbl.  were  unloaded  at  6  cts. 
)er  barrel,  exclusive  of  overhead. 

On  the  Road  1639,  New  York  State,  season  of  1922,  with  a 
ommon  labor  rate  of  50  cts.  per  hour,  11,000  lb.  were  unloaded  at 
.3  cts.  per  barrel,  exclusive  of  overhead. 

Cost  of  Loading  Local  Fence  Stone  into  Wagons. — Road  5046, 
V.  G.  Harger,  engineer,  season  of  191 1, 
abor  17.5  cts.  per  hour. 
,200  cu.  yd.,  boulders  loaded  at  a  cost  of  14  cts.  per  cu.  yd. 

A  gang  of  six  men  will  take  from  9  to  13  min.  in  loading  iV£ 
u.  yd.,  depending  upon  the  size  of  the  stone. 

Road  495,  E.  E.  Kidder,  engineer,  season  of  191 1, 
-abor  1.75  cts.  per  hour. 
080  cu.  yd.,  boulders  loaded  at  a  cost  of  18.4  cts.  per  cu.  yd. 

Road  No.  492,  E.  E.  Kidder,  Engineer,  season  of  191 1, 
,abor  17.5  cts.  per  hour,  300  cu.  yd.,  loaded  at  13.7  cts.  per  cu.  yd. 

Cost  of  Loading  Filler  at  Pit. — On  the  Clover  Street  Road,  Section 
,  during  the  season  of  1908,  with  the  author  as  engineer  and  labor 
t  15  cts.  per  hour,  400  cu.  yd.  of  sand  filler  were  loaded  at  a  cost  of 
2  cts.  per  cu.  yd.  On  the  Scottsville-Mumford  Road,  with  labor 
7.5  cts.  per  hour,  200  cu.  yd.  were  loaded  at  a  cost  of  13  cts.  per 
u.  yd. 

Unloading  Steel  Beams. — On  Road  188,  New  York  State,  season  of 
926,  with  labor  at  60  cts.  per  hour.  66,000  lb.  of  30"  Bethlehem 
irder  I-beams,  8  beams,  48'  long  each  were  unloaded  from  cars  to 
rucks  by  hand  methods  (jacks  and  bars). 

96  man  hours $57 .  60 

=  1.75  per  ton 

=  0.0009  per  pound 

Loading  Plank. — Loading  trucks  from  piles  or  cars,  2  men,  100 
•lanks  per  hour,  is  average  speed. 
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Cost  of  Hauling  Broken  Stone. — Table  213  shows  the  cost  of 
auling  stone  on  good  roads  as  for  repair  work.  The  wagons 
'ere  loaded  from  bins,  so  no  time  was  lost  in  loading. 
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Table  213. — Hath,  of  Stove  on  Good  Roads  for  Repair  Work 


Road 
No. 


Engineer  in  Charge 


Harold  Spelman 
Harold  Spelman 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 
G.  G.  Miller 


Price  per 
Hour  of 
Teams 

Length 
of  Haul, 

Miles* 

$0.50 
0.50 
O.62 

1.8 
1.2 

2.0 

O.62 

i-7 

0.62 
0.62 

1.1 
0.6 

0.62 

0.2 

0.62 
O.62 
0.62 

3-o 

2-75 

2-5 

0.62 

2.0 

O.62 
O.62 

i-75 
i-5 

Cost 

per  Ton, 

Mile 


$0.20 
O.24 
0.20 
0.215 
O.23 
0.25 
O.50 
0.17 
O.I75 
O.I7S 
0.19 
0.215 
O.23 


Cost 
per  Yard, 

Mile 


bo.24 
O.288 
O.24 
O.26 
O.275 
O.30 
O.60 
O.205 
0.2I 
0.2I 
O.23 
O.26 
O.28 


*  This  length  of  haul  is  the  loaded  length,  complete  round  trip  is  twice  thi 
ength  cost  is  figured  for  length  of  loaded  haul. 

Road  1,  10-hr.  day. 

Roads  2  and  3,  8  hr.  per  day. 

Note. — Cost  per  ton  mile  on  Roads  2  and  3  equals  the  cost  pe 
yard  mile,  for  teams  at  50  cts.  per  hour. 

For  hauling  on  bad  roads  for  new  construction,  I  have  the  follow 
ing  personal  data: 

Clover  Street  Road,  Section  1,  season  1908;  teams  at  45  cts.  pe 
hour;  dump  wagons  loaded  from  bins;  no  time  lost. 
6,000  cu.  yd.,  0.6-mile  haul  cost  26  cts.  per  ton,  or  31  cts.  peryar 

mile. 
4,500  cu.  yd.,  0.6-mile  haul,  cost  24  cts.  per  ton,  or  29  cts.  per  cum 

yard  mile. 

Scottsville-Mumford  Road,  season  of  191 1;  teams,  45  _  cts.  pe 
hour.     300  cu.  yd.,  i-mile  haul  (including  a  5%  sandy  hill  1,20c 
long)  cost  30  cts.  per  yard  mile. 
500  cu.  yd.,  0.5-mile  haul  (level  road  in  bad  condition)  cost  30  ct; 

per  vard-mile. 

Hauling  Field  Stone  and  Filler. — This  material  was  hauled  froi 
fields  and  pits  where  it  was  loaded  by  hand.  Considerable  time  ws 
thus  lost. 

On  the  Clover  Street  Road,  Section  1,  season  of  1908,  with  th 
author  as  engineer,  and  teams  at  45  cts.  per  hour,  10,000  cu.  yd.  < 
field  stone  were  hauled  an  average  of  1  mile  for  36  cts.  per  yard  milt 

On  the  Scottsville-Mumford  Road,  season  of  191 1,  with  th 
author  as  engineer,  and  teams  at  45  cts.  per  hour,  500  yd.  of  fiel 
stone  were  hauled  0.2  mile  at  14  cts.  per  cu.  yd.,  or  70  cts  per  yar 
mile.  On  the  same  work  200  cu.  yd.  of  filler  were  hauled  0.2  mii 
for    15    cts.    per    cubic    yard,    or    75    cts.    per    yard    mile 

For  all  short  hauls  under  }i  mile  the  cost  is  high  and  practicall 
the  same  on  account  of  the  larger  percentage  of  time  lost  in  loading 
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"Truck  Hauling,  5  Ton  Trucks.  * — The  daily  mileage  averaged 
I0.5  miles.     The  figures  given  are  the  average  from  over  100  trucks 
Ind  are  based  on  1919  prices.     They  ran  on  an  average  265  days 
If  the  year. 
For  some  reason  not  stated  the  item  of  taxes  has  been  left  out. 

Relative   Importance   of   Operating   Cost   Items 


Rank 


Cost  item 


Cost 
per  day 


Per  cent  of 
total  cost 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 


Depreciation 

Repairs  and  overhaul 

Drivers'  wages 

Gasoline 

Tires 

Overhead 

Insurance 

Interest 

Garage 

Lubricants 

License 

Totals 


5. 29 
5- 11 
4.96 
3.42 
2  .29 
1.74 
1. 25 
O.76 

0.74 
0.42 

O.  II 


$26.09 


20.3 
19.6 
19.0 

13. 1 

8.8 
6.7 
4.8 
2.9 
2.8 
1.6 
0.4 


Two  of  the  largest  items  of  cost,  as  shown  above,  are  depreciation 
nd  drivers'  wages;  yet  many  one-truck  operators  establish  their 
lauling  rates  without  considering  these  items  at  all.  It  is  little 
vonder  that  many  of  them  fail  in  business  even  before  their  trucks 
ire  fully  paid  for. 

The  fixed  charges  in  this  table  total  about  38%.  With  this  fact 
n  mind  the  loss  due  to  idle  time  can  readily  be  visualized.  Fixed 
harges  continue  whether  the  truck  is  operating  or  not,  and  the 
ruck  operating  the  most  time  will  render  greatest  returns,  other 
onditions  being  equal. 

"Analysis  of  Factors  Governing  Motor  Truck  Operating  Costs. — 
There  are  four  principal  methods  by  which  truck  operating  costs 
re  figured,  namely,  cost  per  mile,  cost  per  day,  cost  per  unit  (ton, 
>ox,  bag,  gallon,  bale,  or  other  similar  units)  and  cost  per  unit 
nile  (ton  mile,  gallon  mile,  etc.).  A  great  deal  of  confusion  has 
esulted  in  the  past  through  comparison  of  operating  costs  without 
:onsidering  the  variable  factors  which  increase  or  decrease  costs 
»n  these  various  bases. 

The  following  table  shows  how  these  four  items  vary  through  an 
ncrease  in  the  factors  listed  in  the  first  column.  It  is  assumed, 
f  course   that  operating  conditions  are  equal. 

Table. — Variation  of  Cost  Items 


Variable  factors 


Cost  per 
mile 


Cost  per 
day 


Cost  per 
unit 


Cost  per 
unit  mile 


Increase  in  daily  mileage  . 
Increase  in  truck  capacity 


Decrease 
Increase 


Increase 
Increase 


Increase 
Decrease 


Decrease 
Decrease 


*  From  Engineering  Contracting. 
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In  discussing  these  four  cost  bases  it  must  be  remembered  thai 
the  daily  fixed  costs  are  constant  regardless  of  mileage,  while  the 
daily  variable  costs  increase  with  an  increase  in  mileage. 

"Cost  per  Mile. — The  "cost  per  mile"  varies  with  the  mile; 
operated  per  day.  Obviously  this  cost  will  decrease  as  the  mileage 
increases.  The  variable  costs  per  mile  should  be  practically  the 
same  whether  the  truck  travels  10  or  50  miles  in  a  day.  Bu' 
the  fixed  costs  will  be  divided  among  a  greater  number  of  miles  h 
the  latter  case,  thereby  reducing  the  total  "cost  per  mile"  unde 
what  it  would  be  if  only  10  miles  were  traveled.  A  5-ton  trucl 
operating  50  miles  per  day  may  have  a  smaller  "cost  per  mile' 
than  a  3-ton  truck  operating  only  10  miles  per  day.  However 
an  increase  in  truck  capacity  on  the  same  daily  mileage  woul( 
naturally  increase  the  "cost  per  mile." 

"Cost  per  Day. — The  "cost  per  day"  will  vary  with  the  mile 
operated  per  day.  It  is  quite  evident  that  this  daily  cost  wil 
increase  as  the  daily  mileage  increases.  To  the  daily  fixed  charge 
must  be  added  the  daily  variable  charges  which  of  course  increas 
with  the  mileage,  thereby  increasing  the  "cost  per  day." 

In  comparing  operating  costs  of  different-sized  trucks  on  th  1 
"cost  per  day  basis"  it  is  essential  that  the  daity  mileage  of  eac 
truck  be  known.     It  can  readily  be  seen  that  a  5-ton  truck  operat 
ing  only  10  miles  per  day  should  have  a  lower  "cost  per  day"  tha 
a  3-ton  truck  operating  50  miles  daily  under  similar  conditions. 

The  "cost  per  day"  is  affected  also  by  the  total  number  of  day 
in  the  year  that  the  truck  is  in  actual  operation.  It  is  common! 
assumed  that  a  truck  will  operate  300  days  a  year,  neglecting  Sur 
days  and  holidays.  In  most  cases  this  is  much  too  high.  Du 
to  such  factors  as  weather  conditions,  accidents,  strikes,  variatio  1 
in  business  demands,  etc.,  this  assumed  total  of  300  working  da>  i 
is  frequently  cut  to  200  or  less. 

Assuming  yearly  fixed  charges  of  $1800  on  a  300-day  basis  woul 
give  a  daily  fixed  charge  of  $6.  But  if  the  truck  operates  only  20 
days  out  of  the  year,  the  fixed  charges  will  be  $9  per  day.  Thi 
increase  will  be  reflected  in  the  "cost  per  mile." 

"Cost  per  Unit. — Where  mileage  records  are  not  kept,  true 
operators  must  be  content  with  operating  cost  on  the  "cost  pe 
unit"  basis.  The  unit  will  vary  with  the  kind  of  hauling  involvec 
This  unit  may  be  tons,  gallons,  boxes,  head  of  livestock,  etc. 

The  "cost  per  unit"  will  increase  as  the  average  haul  mileag 
increases.  It  is  obvious  that  a  ton  hauled  10  miles  will  cost  mor 
than  a  ton  hauled  1  mile  under  the  same  conditions.  Ther 
is  very  little  difference  in  the  fixed  costs  for  each  of  the  sizes  c 
heavy  trucks  and  since  the  variable  costs  on  the  various  sizes  d 
not  increase  in  direct  ratio  with  increase  in  size,  the  "cost  per  unit 
will  vary  with  the  truck  capacity.  The  daily  "cost  per  unit"  wi 
decrease  with  an  increase  in  truck  capacity  and  will  increase  a 
the  average  haul  mileage  is  increased. 

"  Cost  per  Unit  Mile. — As  a  means  of  comparing  operating  cost 
of  different  trucks,  there  is  probably  no  better  basis  than  that  of  th 
"cost  per  unit  mile."  This  is  commonly  worked  out  on  the  ton 
mile  basis.     It  involves  a  record  of  units  hauled  and   mileag 
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overed.  Costs  by  this  method  will  vary  with  the  truck  capacity 
nd  the  daily  mileage.  This  "unit-mile  cost"  will  decrease  both 
nth  an  increase  in  truck  capacity  and  with  an  increase  in  daily 
nileage.  A  5-ton  truck  loaded  to  capacity  will  give  a  lower 
unit-mile  cost"  when  operating  40  miles  daily  than  when  operat- 
ng  only  20  miles  daily.  Likewise,  a  5-ton  truck  loaded  to  capacity 
,nd  operating  20  miles  daily  should  give  a  lower  "  unit-mile  cost " 
han  a  3-ton  truck  with  capacity  load  covering  the  same  mileage. 
,arge  truck  capacity  and  high  daily  mileage  tend  to  produce  lower 
osts  per  unit  mile. 

Apparently  there  is  a  great  variation  in  the  methods  used  in 
rriving  at  the  "unit-mile"  or,  as  it  is  commonly  figured,  the 
ton-mile"  cost.  This  involves  not  only  a  record  of  total  tonnage 
nd  total  mileage,  but  also  a  record  of  the  number  of  trips. 

During  the  war  one  of  our  large  motor  truck  companies  sent  out 

circular  letter  on  operating  costs  to  their  sales  representatives  in 
fhich  instructions  were  given  to  figure  total  cost  per  ton  mile  by 
ividing  total  cost  per  day  by  the  number  of  miles  driven  times 
he  number  of  tons  carried.  This  apparently  is  the  method  fre- 
uently  employed,  but  it  leads  to  serious  inaccuracies  as  can  easily 
e  illustrated. 

Assume  that  a  truck  starts  from  point  A  and  during  the  day 
lakes  stops  at  points  B,  C,  D,  and  E  respectively,  covering  dis- 
ances  and  carrying  loads  as  follows: 


Table. — Trip-mile-ton  Table 

Trip 

Miles 

Tons 

A— B 

10 

5 

5 

10 

30 

4 
1 
2 
3 
10 

- 

B— C 

C— D 

D— E 

Totals  4 

By  the  method  outlined  in  the  sales  letter  the  ton  miles  would  be 
p  X  10  =  300.     Actually  the  ton-miles  would  be: 

Table 

Trip  1 10  X  4  =  40  ton-miles 

Trip  2 5X1=     5  ton-miles 

Trip  3 5X2  =  10  ton-miles 

Trip  4 10  X  3  =  30  ton-miles 

Total 85  ton-miles 

The  first  method  is  correct  for  a  truck  making  one  trip  per  day 
ith  one  load,  but  is  entirely  wrong  in  the  case  of  a  truck  making 
lany  trips  daily  with  varying  loads.  In  the  latter  case,  if  ton- 
lile  costs  are  desired,  it  will  be  necessary  to  keep  accurate  records 
i  mileage  and  loads  between  each  stop  where  the  load  is  changed, 
[owever,  in  this  type  of  trucking  the  cost  per  mile  or  cost  per  day 

usually  more  satisfactory. 
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When  a  truck  is  running  on  a  regular  route  making  a  trip  oul 
to  a  certain  point  with  a  given  load  and  back  to  the  starting  poinl 
with  the  same  or  a  different  load,  the  ton  miles  can  be  computed  b) 
multiplying  the  total  mileage  by  the  total  load  carried  and  dividing 
by  twice  the  number  of  round  trips.  Suppose  a  truck  travels  frorr 
A  to  B,  a  distance  of  10  miles,  and  returns  with  the  following  loads 


Table. — Round  Trip  Loading  Table 


Round  trip 

Load  out            Load  in 

I 
5  tons 

2 

2  tons 
4  tons 
i  ton 

3  tons 

3               

o  ton 

A 

5  tons 

Totals   4  round  trips 

12  tons 

9  tons 

The  total  mileage  is  8o  and  the  total  load  is  21  tons.     Then  b; 
the  formula  as  given  the  ton  miles 

80  X  21 

=  210. 

2  X  4 

Figured  on  the  basis  of  the  individual  trips,  the  result  is  the  same 
From  the  foregoing  it  can  readily  be  seen  that  the  basis  of  ton 

mile  costs  must  be  correct  before  dependable  comparisons  can  b 

made. 

Hauling  Batched  Concrete. — Geneva-Dresden  Road,  season  c 

1925.  15  Ford  trucks,  carrying  1  batch  (21  cu.  ft.)  quick  bi 
loading.  Average  haul  bin  to  mixer  1.5  miles.  Average  20  trip 
per  day  per  truck  or  30  miles  loaded  60  miles  total. 

Initial  cost  of  trucks $360 

Value  at  end  of  season $150  + 

Drivers'  wages 40  cts.  per  hour 

Liability  on  trucks $40  per  season  per  true 

Note. — With  longer  hauls  each  truck  travels  about  100   mile 
per  day  (50  miles  loaded). 
Hauling  Sand  and  Stone. — Road  188,  New  York  State,  season  o 

1926.  3^-ton  trucks  loaded  by  hand  shoveling  from  cars.  3^ 
mile  haul  from  cars  to  job     Rent  of  trucks  $30  per  10-hr.  day. 

750  tons  of  crushed  stone  hauled  for  $649, 

Average 24.    cts.  per  ton  mil 

Average  time  of  trip  60  min. 
600  tons  of  sand  hauled  for  $410.55 

Average 20.5  cts.  per  ton  mil 

Average  time  of  trip  50  min. 


SPREADING  STONE 


1167 


Cost  of  Spreading  Stone,  Sand,  and  Screenings. — The  following 
:osts  are  for  hand-shoveling  methods.  By  the  use  of  so-called  man- 
er  spreaders  in  conjunction  with  truck  hauling,  the  cost  of  spread- 
ng  crushed  stone  for  macadam  construction  can  be  reduced  50% 
rom  hand-shoveling  and  raking  methods. 


COST  OF  SPREADING  STONE  AND  BINDER 

Table  214,  page  1 167,  gives  the  cost  of  spreading  broken  stone  on 
everal  New  York  State  roads. 

The  ratio  of  the  loose  to  the  rolled  depths  varies  with  the  size  of 
;he  fragments  and  the  depth  of  the  course.  Table  215,  page  1168, 
ives  the  averages  of  the  results  obtained  from  1000  test  holes  made 
>y  the  writer  on  three  separate  roads.  The  last  column  of  the  table 
ilso  gives  the  weights  of  No.  31  and  42  stone  required  to  make  a 
:ubic  yard  of  rolled  macadam.  The  amount  of  filler  or  binder  per 
:ubic  yard  of  rolled  macadam  is  given  in  Table  216,  page  1168. 

The  excessive  amount  of  filler  required  for  the  2-inch  bituminous 
nacadam,  Table  216,  was  due  to  a  layer  of  screenings  placed  under 
;he  No.  3  stone,  all  of  which  did  not  act  as  a  filler.  The  small 
mount  required  for  the  3-inch  bituminous  macadam  was  due  to 
;he  fact  that  the  bituminous  binder  partially  filled  the  voids  before 
:he  screenings  were  applied. 

The  ratio  of  loose  to  rolled  depth  for  boulder  subbase  is  variable. 

If  the  size  of  boulders  is  practically  the  same  as  the  depth  of  the 
:ourse,  that  is,  if  there  is  only  one  layer  of  stone,  the  loose  depth 
nd  the  rolled  depth  will  be  the  same.  Where  there  are  two  or 
hree  layers  of  boulders  the  ratio  is,  approximately,  1:1.25,  i.e.,  a 
: 2-inch,  rolled  depth  would  require  15-inch  loose  depth  for  boulders 
veraging  5  to  6  inches  in  diameter. 


Table  214. — Spreading  Stone 


Refer- 
ence 
No. 

Engineer 

Labor 
Wage 

Depth  of 
Loose 
Spread 

Amount 
Spread 

Cost 
per  Ton 

Cost 

per  Cu. 

Yd. 

1 
2 
2 
3 

3 

3 

4 

J5 

Harold  Spelman    . . 
W.  G.  Harger 
W.  G.  Harger 
W.  G.  Harger 

W.  G.  Harger  .      .  . 
E.  E.  Kidder 

$0.20 
o.i75 
0.17S 
0.20 

Placing 

O.I75 
0.175 
0.175 
O.I75 

4  in. 

53  in- 
4  in. 
6" 

sub-base  ston 

7  in. 
10   "  gravel 
6   " 
6   " 

7000  tons 
6000  cu.  yds. 
4500   " 
1000   "      " 

e 

IOO 

200       "             " 

267       "            " 

I082       "            " 

$0,066 
0.05 
0.07 

$0.08 
0.06 
0.0S3 
0.05 

O.IO 

0.04 
0.07 
0.12 

E.  E.  Kidder 

*Sub 

»No. 

*  No. 

-base  bottom  cours 

3  stone  iW  to  2Y1 

4  stone  2W'  to  3^ 

2.    The 

cost  includes 

sledging  of  a 

1  large  s 

tone. 
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Table  215. — Ratio  of  Loose  to  Rolled  Depth 


————— — — — 

Size  of  Stone 

Rolled  Depth 

Loose   Depth 

Ratio 

Weight  per 

Cubic  Yard 

Rolled  Measure* 

No.  4 

No.  4 

No.  3 

No.  3 

4  in. 
3   " 
3   " 
2   " 

5.2  in. 
3-8   " 
3-9   " 

2.4  " 

1-3 

I.27 

i-3 
1.2 

3120  lbs. 

3050     " 
3120     " 
2880     " 

2  Weight  of  cubic  yard  (loosemeasure)  2400  lb. 

Table  216. — Amount  op  Filler  and  Binder  Required 


Kind  of  Course 


Bottom  stone   

Waterbound  top3. .  . 
3-in.  Bit.  mac.  top 3. 
2-in.  Bit.  mac.  top3. 
Sub-base    


ELind  of  Filler 


Sand 

No.  1 

Nos.  iA  and  2 

No.  iA 

Gravel 


Amount  of  Filler 

per  Cu. ' 

Yd.  of 

Rolled 

Macadam 

0.35 

CU 

yds. 

O.50 

it 

« 

o-37 

u 

<( 

0.60 

(i 

11 

o-33 

t( 

a 

Weight  of 
Screenings  per 
Cu.Yd.  of  Roll- 
ed Macadam 


1300  lbs. 

900  " 
1440  " 


3  Weight  of  cubic  yard  (loose  measure)  2400  lb. 
eludes  wearing  coat. 


Filler  for  top  course  in 


Cost  of  Spreading  Filler  by  Hand  from  Piles  Spaced  20'  to  30 
Apart. — On  the  Clover  Street  Road,  Section  1,  during  the  season  o 
1908,  with  labor  at  .15  cts.  per  hour,  400  cu.  yd.  of  sand  filler  wen 
spread  at  a  cost  of  .10  cts.  per  cu.  yd.  On  the  Scottsville-Mumfon 
Road,  with  labor  at  17.5  cts.  per  hour,  the  cost  of  spreading  200  cu 
yd.  was  20  cts.  per  cubic  yard.  This  includes  some  hand  brooming 
but  most  of  the  brooming  was  done  by  a  broom  attachment  on  tb 
roller. 

Cost  of  Spreading  No.  iA  and  No.  2  Stone  for  Bituminous  Mac 
adam  Top  Courses  and  Brooming  Same. — A  layer  of  No.  iA,  %' 
deep,  was  spread  over  the  bottom  course.  On  this  was  spread  2^' 
of  No.  3  stone.  After  rolling,  bitumen  was  poured  over  this  cours< 
and  a  %"  layer  of  No.  2  stone  spread  and  rolled;  the  excess  of  No.  : 
was  broomed  off  and  a  %"  wearing  coat  of  No.  iA  placed. 

The  cost  of  spreading  for  a  2"  top  was  as  follows: 

Cost1  of  No.  1 A  and  No.  2  per  cubic  yard $0. 282 

Cost2  per  ton  of  No.  iA  and  No.  2 o.  210 

Eight  hundred  tons  of  this  material  was  handled  with  labor  cost- 
ing 17.5  cts.  per  hour. 

1  No.  iA  are  dustless  screenings. 

2  No.  2  is  W  to  i}5"  size. 
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For  a  3"  top  course  the  procedure  was  the  same,  omitting  the 
ayer  of  No.  iA  under  the  No.  3  stone.  The  cost  of  handling  400 
tons  for  the  3"  course  was  as  follows: 

Cost  per  cubic  yard  of  No.  1 A  and  No.  2 0.31 

Cost  per  ton  of  No.  iA  and  No.  2 o.  26 

Cost  of  Spreading  Screenings  with  Cross-dump  Wagons. — Wet 
iust  screenings  for  water-bound  macadam  cannot  be  successfully 
jpread  in  this  manner.     For  spreading  dry  dust  screenings,  No. 

stone  or  dustless  screenings  for  bituminous  macadam,  this  method 
las  proved  the  cheapest  and  most  satisfactory.  On  Road  5046, 
season  of  1910,  a  number  of  short- time  estimates  made  the  cost 
of  spreading  by  this  method  about  6  cts.  per  cubic  yard.  The  cost 
of  brooming  is  slightly  increased  over  that  required  by  the  hand- 

preading  method,  but  not  enough  to  counteract  the  advantage  in 
the  use  of  the  wagon  spreading.  On  the  Clover  Street  Road,  season 
of  1908,  1,000  cu.  yd.  of  screenings  were  thus  spread  for  about  7  cts. 
per  cubic  yard. 

SPREADING  BITUMINOUS  BINDER  AND  SURFACE  COATS 

Hand  Methods. — The  following  data  are  taken  from  Road  5021, 
season  of  19 10.     Bituminous  macadam,  penetration  method: 

Labor. 

Kettleman $0.  20    per  hour 

Spreaders 0.20    per  hour 

Plain  labor o.  175.  per  hour 

Teams 0.45    per  hour 

A  pparatus. 

4-bbl.  kettle  (coal  burner) Bitumen  heated 

2-bbl.  kettle  (wood  burner) to  4oo°F. 

1 2-ton  Kelly  roller 

Spreading  pots  having  a  vertical  slot  }£"  wide. 

Organization. 

Rollerman  acting  as  foreman 

1  spreader 

1  kettleman 

3  laborers 
Average  speed  350'  of  16'  road,  per  day. 

Quantities. 

16,850  gal.  laid  in  one  coat  covered  13,330  sq.  yd.,  or  1.26  gal. 
per  sq.  yd. 

Cost  per  gallon     Unloading  and  hauling  y2  mile $0.0015 

Heating 0.0032 

Spreading 0.0032 

Rolling  and  supervision 0.0051 


Total $0.0130 

Bituminous  material  f.o.b.  Caledonia 0.0950 

Total  per  gallon $0. 1080 
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Second  quantity. 

Forty-two  thousand  gallons  covered  24,000  sq.  yd.  in  one  coat, 
an  average  of  1.75  gal.  per  square  yard. 


Cost  per  gallon     Unloading  and  hauling  iM  miles $0.0032 

Heating o .  0040 

Spreading o .  0039 

Rolling  and  supervision 0.0042 


Total $0.0153 

Bituminous  material  f.o.b.  Caledonia o.  0950 


Total  per  gallon $0. 1103 

Cost  of  Applying  Bituminous  Binder.  Road  5046,  Penetration 
Method. 

18,890  gal.  spread  on  12,378  sq.  yd.  in  one  coat,  of  1.52  gal. 
per  sq.  yd. 

Apparatus. 

5  2-bbl.  kettles  (wood  burners).     Fuel.     Used  barrel  staves 

and  some  extra  wood. 
1  10-ton  Buffalo  Pitts  Roller. 

Spreading  hods. 

Organization. 

Per  Hour 

1  foreman ■ $0.30 

2  pourers,  each o.  25 

5  kettlemen,  each o.  20 

2  spreaders  of  No.  2,  each o.  20 

4  helpers,  each 0.175 

Labor  of  Placing.     Cost  per  gallon. 

Fuel $0 .  001 

Kettlemen o .  005 

Pouring o .  003 

Helpers o .  007 

Supervision o .  002 


: 
- 


Total $0,018 

Material  f.o.b.  Scottsville 0093 


Total  per  gallon $0,111 


Mechanical  Application. — Barrett  Company  is  doing  this  worl 
(1925  in  western  New  York)  for  4  cts.  per  gallon  for  cold  tar  worl 
and  5  cts.  per  gallon  for  binder  grade  (hot  tar).  This  price  include; 
hauling  up  to  a  maximum  50-mile  limit  and  the  price  is  probabl) 
based  on  an  average  20-  to  25-mile  haul  (plant  to  job).  The  cos! 
of  hauling  is  approximately  2  cts.  per  gallon  which  makes  the  cosi 
of  applying  from  2  to  3  cts.  per  gallon. 
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ROLLING  AND  PUDDLING 
COST  OF  ROLLING 

In  the  following  costs  lubricating  oil  is  not  included,  as  no 
•eliable  data  were  obtained  as  to  the  quantity  used.  Gillette's 
'Handbook  of  Cost  Data"  gives  this  item  as  30  cts.  per  day; 
jsing  this  amount  would  increase  the  costs  given  below  from  0.2  to 
>.3  ct.  per  cubic  yard.  The  amount  of  coal  used  was  variously 
istimated  at  from  450  to  500  lb.  per  day.  As  before  mentioned, 
terns  of  depreciation,  repairs  of  plant  and  equipment,  and  interest 
ire  not  included  in  the  cost  per  cubic  yard  of  stone  consolidated. 

On  Road  5025,  under  E.  E.  Kidder,  engineer,  during  the  season 
)f  1910,  the  cost  of  rolling  3,400  cu.  yd.  of  bottom  stone  and  1,700 
:u.  yd.  of  top  stone,  loose  measure,  was  as  follows: 

Rollerman,  4  months,  at  $90 $360 

Coal,  y±  ton  per  day,  at  $2.70  per  ton,  So  days       55 

$4iS 
The  time  and  cost  were  divided  as  follows: 

}4>  on  subgrade $  69 

3^  on  bottom  stone  4"  deep 138 

%  on  bituminous  top  stone,  2"  deep 208 

There  was  no  cost  for  water.  The  roller  worked  80  days  in  4 
nonths.  The  cost  of  rolling  per  cubic  yard  of  loose  material 
vas:  bottom  stone,  4  cts.,  and  top  (bituminous  macadam)  12  cts. 

On  Road  492,  E.  E.  Kidder,  engineer,  season  of  1910,  the  cost 
f  rolling  3,700  cu.  yd.  of  4"  bottom  course  was  3  cts.  per  cubic  yard, 
nd  for  3,200  cu.  yd.  of  water-bound  top  stone  5  cts.  per  cubic  yard. 
Both  quantities  refer  to  loose  measure.  The  roller  worked  74 
ays  in  3  months.  The  puddling  was  done  by  a  pipe  line  and  hose 
tnd  brooms  attached  to  the  roller.  The  rollerman's  wages  were 
90  per  month  and  coal  $2.75  per  ton. 

On  Road  5021  the  cost  of  rolling  a  3"  bituminous  top  course 
)er  cubic  yard  of  loose  material  was  9  cts.;  for  a  2"  top  11  cts. 

On  Road  5046  a  roller  working  111  days  consolidated  1,850 
u.  yd.  of  field  stone  subbase,  4,300  cu.  yd.  of  bottom  stone,  and 
•,150  cu.  yd.  of  top  stone,  loose  measure.  The  depth  of  the  sub- 
>ase  was  6"  (rolled  measure),  the  bottom  course  4",  and  the  top 
:ourse  23^2",  bituminous  macadam.  The  rollerman's  wages 
vere  $90  per  month  and  coal  cost  $2.75  per  ton  for  34  ton  per  day. 
There  was  no  c®st  for  water.  The  costs  were  divided  as  follows: 
ubbase,  3.5  cts.;  bottom  stone,  4.5  cts.;  top  stone,  10.5  cts.  per  cu. 
d.,  loose  measure. 

PUDDLING  WATER-BOUND  ROADS 

There  are  two  methods  of  puddling:  first,  by  pipe  line  and  hose; 
econd,  by  sprinkling  carts. 

In  the  first  method  a  i}4  or  2"  pipe  is  laid  along  the  road  with 
aps  every  200  to  300'.  The  road  is  wet  down  by  a  hose  fastened 
o  these  taps  and  sprayed  cm  by  a  nozzle,  or  the  hose  is  fastened 
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to  a  sprinkling  attachment  on  the  roller,  which  throws  the  water 
directly  onto  the  wheels;  this  method  is  cheaper  and  more  satis- 
factory than  using  sprinkling  carts,  but  to  work  well  a  pressure  of 
125  lb.  should  be  maintained  at  the  pump,  which  requires  a  better 
pumping  apparatus  than  contractors  usually  have.  A  very 
satisfactory  plant,  used  near  Rochester,  N.  Y.,  consisted  of  a 
Gould  Triplex  Pump,  operated  by  a  6-hp.  gasoline  engine;  the  relief 
valve  at  the  pump  was  set  at  120  lb. 

The  cost  of  such  puddling  on  Road  492  for  3,000  cu.  yd.  of  top 
course  was  5  cts.  per  cu.  yd.;  on  Road  294  for  4,000  cu.  yd.  of  top 
course  it  was  6  cts.  This  cost  includes  pumping,  helper  tending 
hose,  and  rollerman.  Brooms  on  the  roller  were  used  which 
materially  reduced  the  cost  of  brooming  the  screenings.  No 
charge  for  water,  no  allowance  made  for  laying  the  pipe  line; 
this  last  charge  is  included  in  the  lump-sum  item  of  installing  plant 
for  a  water-bound  road,  page  1261. 

Gillette,  in  his  handbook,  gives  sprinkling  by  carts  approxi- 
mately 10  cts.  per  cu.  yd.  of  top  course,  which  includes  sprinkling 
the  subgrade  as  well  as  puddling  the  top  course.  As  the  subgrade 
is  rarely  sprinkled,  his  data  reduced  to  the  conditions  cited  on 
Roads  492  and  294  would  give  approximately  6  cts.  per  cubic  yard 
of  top  course.  To  this  is  added  the  cost  of  rolling,  or  about  4 
cts.  which  makes  the  cost  of  puddling  by  this  method  about  10  to 
12  cts.,  or  about  twice  the  amount  of  the  first  method. 

E.  A.  Bonney,  on  the  Hamburg-Buffalo  Road,  from  a  metered 
supply  of  water,  states  the  amount  required  to  first  puddle  a  3" 
top  course  varies  from  50  to  55  gal.  per  cubic  yard  of  top  course, 
and  the  amount  needed  for  the  second  puddle  will  be  considerably 
less. 

H.  P.  Gillette  states,  in  a  monograph  on  the  Economics  of 
Road  Construction,  that  30  gal.  of  water  per  cubic  yard  will  puddle 
a  road.  E.  E.  Kidder  states  that  approximately  80  gal.  are  required 
per  cubic  yard  of  top  course  for  two  puddles.  The  author's  experi- 
ence agrees  with  the  larger  quantities. 

COST  OF  CRUSHING  STONE 

As  a  basis  for  all  cost  estimates  for  crushing,  it  is  necessary  to 
crusher  know  something  of  the  percentage  of  the  different  sizes  of  the 
output.  Tables  218  and  219,  pages  1179  and  1 181,  give  typical 
data  on  size  output.  Table  217,  page  1 1 73,  gives  the  results  of  tests 
made  by  Archer  White  during  the  season  of  19 10  on  ordinary  lime- 
stone and  sandstone  boulders  composing  the  average  field  stone. 
The  crusher  used  was  the  largest  Acme  portable  crusher.  The  tail- 
ings were  recrushed  and  the  stone  divided  into  four  grades:  No.  1, 
%"  screen;  No.  2,  i^";  No.  3,  2^",  and  No.  4, 3H"  From  these 
data  it  may  be  seen  that  1  cu.  yd.  of  field  stone  makes  1  cu.  yd.  of 
crushed  stone,  and  that  it  takes  approximately  1.8  cu.  yd.  of  field 
stone  to  make  1  cu.  yd.  rolled  measure  of  sizes  Nos.  3  and  4.  _  The 
crusher  toggle  was  set  to  produce  both  top  and  bottom  stone  sizes. 

The  cost  of  labor  was  20  cts.  per  hour.  The  engineman  of  the 
crusher  plant  received  25  cts.  per  hour  and  the  foreman  30  cts.  per 
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hour.  The  field  stone  was  loaded  from  a  pile  near  the  crusher  intc 
small  dump  cars  running  on  a  movable  track.  The  loaded  can 
were  drawn  to  the  crusher  by  a  small  hoisting  engine.  The  cost  o: 
bringing  the  field  stone  to  the  crusher  pile  is  not  included.  Tht 
force  loading  consisted  of  one  foreman,  eleven  laborers,  and  one 
engineman.  The  force  crushing  consisted  of  one  foreman,  fou] 
laborers,  and  one  engineman.  In  8  days  1,500  cu.  yd.  were  crushed 
The  cost  of  the  entire  output  per  cubic  yard  of  loose  measure  was 
divided  as  follows: 

Loading  stone  for  crusher $0. 133 

Hauling  to  crusher o .  013 

Feeding  to  crusher o .  061 

Engineer  to  crusher 0.013 

Fuel  and  oil o .  030 

Loading  crushed  stone  from  bins 0.010 


Total. $0.  260 

Crushing  Granite  Hardheads  and  Sandstone. — The  folio  win/ 
data  are  from  the  records  of  the  Clover  Street  Road,  Section  i,sea 
son  of  1908.  Labor  cost  15  cts.  per  hour  and  the  enginemai 
received  $3  per  day.  The  crusher  used  was  a  10"  X  20"  Climax 
A  total  of  5,000  cu.  yd.  of  granite  were  crushed  at  a  cost  per  cubL 
yard,  loose  measure,  of  19  cts.;  7,000  cu.  yd.  of  sandstone  boulder 
were  crushed  at  a  cost  of  10.3  cts.  per  cu.  yd.,  loose  measure.  Thes 
figures  are  for  the  total  output  of  the  crusher  and  include  the  cos 
of  feeding  to  the  crusher,  the  pay  of  the  engineman,  coal,  oil,  bu 
not  the  delivery  to  the  crusher.  On  the  Scottsville-Mumford  Roa» 
under  similar  conditions  the  cost  varied  from  13  cts.  for  granite  am 
sandstone  to  19  cts.  for  granite  hardheads  per  cubic  yard  of  loos 
measure. 

Crusher  force  on  the  Clover  Street  and  Scottsville-Mumford  road 
as  follows: 

1  foreman $4 .  00 

5  men  feeding  crusher 2 .  00  each 

1  man  tending  screen 2 .  00 

1  engineer 3 .  00 

Fuel  and  oil 4 .  00 

Where  bottom  stone  alone  is  being  crushed  from  local  materia 
the  crusher  is  set  to  produce  a  larger  amount  of  No.  4  stone,  am 
the  proportion  of  the  screenings  to  the  No.  3  and  No.  4  sizes  i 
different  than  given  in  Table  217. 

In  the  following  data  from  Road  5046,  Scottsville-Mumford 
mentioned  above,  the  No.  3  and  No.  4  and  tailings  were  used  as  th< 
bottom  course  stone,  the  tailings  being  broken  into  proper  size 
after  the  stone  was  spread  by  knapping  hammers.  The  cost  o 
knapping  will  vary  from  1  to  3  cts.  per  cubic  yard  of  loose  botton 
stone,  depending  on  the  number  of  tailings  produced.  When  tin 
crusher  is  set  correctly  to  deliver  a  good  grade  of  stone  for  botton 
course,  this  charge  should  not  amount  to  over  1  ct.  per  cubic  yarc 
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)f  total  output  and  is  properly  chargeable  against  crushing,  which 
ncreases  the  crushing  costs  given  above  from  13  to  14  cts.  and  from 
:g  to  20  cts. 
The  sizes  of  screens  were  %",  iK",  2^",  and  2>W- 
Crusher  Set-up,  No.  1. — 60%  granite,  30%  sandstone,  10%  soft 
•ock. 

Total  screenings,  No.  1 240  cu.  yd. 

Total  No.  2 no  record 

Total  No.  3,  4,  and  tailings 1,500  cu.  yd. 

Crusher  Set-up,  No.  2. — 50%  granite,  40%  sandstone,  10%  soft 
rock. 

Total  screenings 350  cu.  yd. 

Total  No.  2 no  record 

Total  No.  3,  4,  and  tailings 2,600  cu.  yd. 

For  this  same  road  the  amount  of  field  stone  required  per  loose 
^ard  of  bottom  stone  is  shown  by  the  following  figures.  Approxi- 
mately 1.5-yard  loads  were  drawn  to  and  from  crusher. 


Date 

Number  Loads  of 
Field  Stone  Crushed 

Number  Loads  of 

No.  3  and  No.  4  and 

Tailings  Drawn  from 

the  Crusher 

1911 
April    24   

114 
86 

87 
104 
101 
106 

99 
86 

107 
no 
102 

93 
70 
69 

84 
82 

85 
78 
72 

95 
80 

&3 

"      2< 

"      26 

Mav       S 

"       6 

"       8 

Q 

"         IO 

"         II 

"        12 

"        13 

Totals 

1 102  loads 
1653  cu.yds. 

891  loads 
1336  cu.yds. 

On  this  work  1.24  cu.  yd.  field  stone  produced  1  cu.  yd.  loose 
measure  bottom  stone,  and  1.61  cu.  yd.  field  stone  produced  1  cu. 
yd.  bottom  stone  rolled  measure. 

Table  217,  page  1173,  gives  1.8  cu.  yd.  field  stone  to  1  cu.  yd. 
rolled  macadam,  but  this  apparent  difference  is  explained  by  the 
fact  that  the  tailings  were  recrushed  and  the  crusher  set  closer  to 
produce  top  as  well  as  bottom  stone,  consequently  the  per  cent  of 
No.  1  and  No.  2  is  higher  than  for  the  data  just  given. 
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Data  obtained  by  Frank  Bristow,  First  Assistant  Engineer,  New 
York  State  Department  of  Highways,  indicates  that  i  cu.  yd.  of 
field  stone  produces  i.i  cu.  yd.  crushed  stone  when  separated  by 
screens  of  ^2",  i/4">  2^2 ">  and  z)4."\  this  is  slightly  more  than  the 
writer's  experience  has  indicated. 

When  local  stone  is  crushed  for  bottom  only,  the  screenings  are 
used  as  filler  for  that  course,  and  in  a  case  of  this  kind  it  is  necessary 
to  know  how  much  additional  filler  must  be  estimated.  Take  the 
case  of  the  Scottsville-Mumford  Road  (crusher  set-up  No.  2)  given 
above.  Twenty-six  hundred  cubic  yards  loose  measure  will  consoli- 
date under  the  roller  to  approximately  2,000  cu.  yd.  of  rolled  bottom 
stone.  This  will  require  2,000  X  0.35  =  700  cu.  yd.  filler.  The 
amount  of  screenings  produced  in  crushing  2,600  cu.  yd.  of  bottom 
was  350  cu.  yd.,  showing  that  for  cases  similar  to  the  one  given,  half 
of  the  total  filler  required  must  be  obtained  from  other  sources. 

Cost  of  Sledging  Boulders. — A  certain  percentage  of  the  fence 
stone  must  be  broken  to  reduce  them  to  a  proper  size  for  crushing. 
This  is  done  by  blasting  or  sledging;  where  the  boulders  need  to  be 
broken  only  two  or  three  times  to  reduce  them  to  usable  sizes,  sledg- 
ing is  the  cheaper  method.  The  cost  of  both  of  these  methods  is 
so  variable  that  any  cases  cited  would  not  be  of  much  value.  As 
given  on  page  1130,  under  Standard  Estimates,  the  author  allows 
arbitrarily  60  cts.  per  cu.  yd.  for  all  boulders  actually  sledged  01 
blasted,  and  in  making  estimates  the  per  cent  to  be  treated  in  this 
manner  is  approximated  roughly. 

As  a  matter  of  interest  Gillette,  in  his  cost  data  on  rockwork. 
gives  the  cost  of  sledging  small  sandstone  boulders  as  approximatel} 
5  cts.  per  cu.  yd.,  and  the  cost  of  mud  capping  at  about  35  cts.  pei 
cu.  yd.  1.910  scale  of  costs. 

COST  OF  CRUSHING  (Continued) 

The  following  data  are  taken  from  the  Report  of  the  Massa- 
chusetts Highway  Commission  and  refers  to  work  done  in  Newton,. 
Mass.     The  crushed  stone  was  divided  into  the  following  sizes: 

Tailings 205  cu.  yd 17 . 5% 

23V  stone 692  cu.  yd 57  0% 

Screenings  and  1".      300  cu.  yd 25.5% 


Totals 1,197  100.0% 

The  material  was  cobblestones  and  labor  probably  cost  20  cts. 
per  hour,  teams,  45  cts.     The  cost  per  cubic  yard  at  the  crusher  was 
44.5  cts.,  or  S3  cts.  per  ton. 
The  cost  per  cubic  yard  was  divided  as  follows: 

Teaming  to  crusher $0.314 7°-6% 

Feeding  to  crusher o . 033 7-4% 

Engineer  of  crusher 0.029 6.5% 

Repairs,  coal,  oil,  etc 0.045 10. 1% 

Watchman 0.024 5-4% 

Total $0,445  100.0% 
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falerial.     Conglomerate. 

Amount  broken 1,288  cu.  yd. 

Amount  broken  per  hour 8 . 9  cu.  yd. 

)ivided  as  follows:  .  _ 

Weight  per 

Cubic  Yard 
Loose 

Tailings,  378  cu.  yd 29.3% 2jSl?!u" 

2V2"  stone,  668  cu.  yd 51  -9% 2,3681b. 

Screenings  and  1",  242  cu.  yd.  18.8% 2,7271b. 

?ost  per  cubic  yard  in  bins  at  crusher $1,112 

?ost  per  ton  in  bins  at  crusher o.  885 

Divided  as  follows:  Cost     Per  Cent 

Powder  and  repairs $0,018  1.6 

Labor  drilling 0.249        22.3 

Sharpening  drills  and  tools 0.023  2.1 

Breaking  stone  for  crusher 0.420        37.8 

oading  stone  for  crusher 0.127        11. 4 

Hauling  stone  for  crusher o .  062  5 . 6 

Feeding  crusher 0.053  4.7 

Engineer  for  crusher °  •  °38  3  •  5 

:oal,  oil,  and  waste 0.050  4-5 

Moving  and  setting  crusher o. 023  2 . 1 

Watchman 0.049  4-4 

Total $i.ii2      ioo.o 


Material.     Greenish  trap. 

Amount  broken 3,I55  cu-  yd- 

Amount  broken  per  hour 7  .  7  cu.  yd. 

Divided  as  follows:  Weight  per 

Cubic  Yard 
Loose 

Tailings,  1,004  cu.  yd 318%  2,457  lb. 

2 H"  stone,  i6i8cu.  yd 51  -3%  2^83  lb. 

1"  stone,  323  cu.  yd 10. 2%  2,277  }b- 

Screening,  210  cu.  yd 6.7%  2,585  lb. 

Cost  per  cubic  yard  in  bins  at  crusher $0. 898 

Cost  per  ton  in  bins  at  crusher o.  745 

Divided  as  follows: 

Cost     Per  Cent 

Labor,  steam,  drilling $0,092  10. 

Coal,  oil,  water,  powder,  etc o .  084  9 

Sharpening  drills  and  tools o .  069  7 

Breaking  stone  for  crusher o.  279  31 . 

Loading  stone  for  crusher 0.098  n 

Hauling  stone  for  crusher o . 072  8 

Feeding  crusher o .  053  5 

Engineer  of  crusher o. 031  3 

Coal,  oil,  waste,  and  repairs  of  crusher 0.079  8. 

Other  repairs :  •  •  •  0.041  4- 


Total $0,898      100.0 
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W.  E.  McClintock,  engineer,  Chelsea,  Mass.,  season  1887: 

Labor $0.  20  per  hour 

Teams 0.45  per  hour 

Material.     Trap  rock. 

Amount  broken I?7I8  tons 

Stone  delivered  at  crusher  by  subcontractor  for  75  cts.  per  ton 

Cost.     Tools $0. 013 

Oil,  waste,  etc 0.016 

Fuel '...'.'     0'o5o 

Stone  at  crusher o.  750 

Crushing  (labor) o.  194 

Total  per  ton $x .  023 

Dustless  Screenings.— The  construction  of  bituminous  mac 
adams  requires  a  dustless  screening  product  referred  to  in  th< 
beginning  of  the  chapter  as  No.  iA;  it  is  obtained  by  rescreeninj 
the  ordinary  screenings  {%"  product)  to  remove  the  dust;  the  per 
centage  of  dust  in  the  ordinary  screenings  will  vary  according  tc 
the  stone  crushed  and  the  setting  of  the  crusher  jaws.  The  autho: 
has  no  reliable  data  for  small  crushing  plants,  but  through  tht 
courtesy  of  the  Buffalo  Cement  Company  the  following  data  an 
given  for  their  output  of  limestone  screenings  at  Buffalo,  N.  Y. 

Size  of  screen  opening  for  ordinary  screenings  . .    %" 
Size  of  dust  screen  openings y%" 

Cubic  yard  of  dust  for  1  cu.  yd.  ordinary  screenings o.  3: 

Cubic  yard  of  dustless  screening  1  cu.  yd.  ordinary  screening  0.6* 
The  same  data  from  theLeroy  plant  of  the  General  Crushed  Stont 
Company  give: 

Size  of  screen  openings  for  ordinary  screenings %  to  1^{e' 

Size  of  dust  screen  openings M  to     *HV 

Cubic  yard  of  dust  per  cubic  yard  ordinary  screenings t>2>% 

Cubic  yard  of  dustless  screenings  per  cubic  yard  ordinary 

screenings 57<?7 

Percentage  of  screenings  to  total  output  for  Leroy  limestone 
approximates  15%. 

The  above  furnished  to  the  writer  through  the  courtesy  of  the 
General  Crushed  Stone  Company,  of  Easton,  Pa. 

QUARRYING  AND  CRUSHING— SMALL  QUARRIES 

Cost  Data. — New  York  State,  season  of  1925,  Roads  5270  and  5271,  Francis 
Carroll,  engineer. 

Local   Quarry.— -3'  depth  stripping.     Soft  sandstone   (French  coefficient 
of  wear  7  to  13).      Quarry  face  8  to  10'  high. 
Total  Quantities  and  Sizes  of  Output. 
19.000  tons  crushed  stone  iK"  to  4K"  in  size. 
7,000  tons  screenings  passing  %"  round  screen. 
4,000  tons  No.  2  stone  (%  to  1%"  size). 

30,000  tons  total  output. 

Approximate  average  daily  output  300  tons. 
Stone  used  for  macadam  bottom  course. 


Quarrying  and  Delivery  to  Crusher.     Equipment. 
Team  and  slip  scrapper  for  stripping. 

Ingersoll-Rand  portable  air  compressor  and  2-drill  outfit  for  drilling. 
Osgood  steam  shovel  for  loading  to  Kopple  Cars  Champion  friction  hoist. 

'ost  of  Quarrying  per  Day. 

Stripping  I  man  and  team $  6 .  oo 

Drilling  outfit,  rent  per  day 20 .  00 

15  gal.  gas  per  day 3 .  00 

Steam  shovel  with  runner  and  fireman  (rent)  52.50 

Coal  and  oil 3-50 

Dynamite  60  lb.  at  20  cts 12 .  00 

2  drillers  at  $5 10 .  00 

2  men  breaking  big  stone  at  $4.50 9.00 

1  man  operating  cars  at  $5 5. 00 

Total $120.00  =  40  cts.  per  ton. 

lost  of  quarrying  exclusive  of  labor  overhead $0.40  per  ton 

Labor  overhead  (approximately) 0.05 

lost  of  stone  (quarry  rights) o .  06 
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Total  cost  of  quarrying. 


$0.51  per  ton  total 

output  of  crusher 

rushing.     Equipment. 

No.  6  Champion  12  X  26"  (300-ton  capacity). 
50-hp.  electric  motor  (initial  cost  $500). 
15'  screen,  4  sections. 

%"  screen  4'  long. 
iK"  screen  4'  long. 
4JV'  screen  7'  long. 
Tailing  belt  for  stones  over  4W " • 
Bin  24'  long,  12'  high,  n'  wide. 
Elevator  39'  long,  18  buckets. 

ost  of  Crushing  per  Day. 

Electric  power $10 .  00 

2  men  on  platform 12 .  00 

1  man  on  hoist 5.00 

1  mechanic 7.00 

1  man  tending  loading 5 .  00 


Labor  overhead 

Approximate  rental  value  of  equipment . 


$39.oo 

5.00 

40.00 


Approximate  total  per  day $84.  00 

Per  ton  of  total  output 0.28 

otal  cost  per  ton  quarry  and  crushing  80  cts.  per  ton  total  output  of  crusher. 


Table  218. — Approximate  Per  Cent  Output  of 
Ordinary  Road  Crusher  (Volume) 


Rock 


Passing  %"\%  to  i}4' 
screen,  %  % 


iJ.Sto  2W 

% 


Above 
2W.  % 


Limestone 

Sandstone 

Granite 

Gneiss 

Trap  rock 

1  Mixed  sandstone  and 
limestone 

1  Mixed  granite  and  sand- 
stone (cobbles) 


15  to  20 

16  to  22 
10  to  15 

8  to  15 
6  to  10 

16  to  21 

12  to  17 


5  to  13 

8  to  15 
10  to  15 

9  to  15 
8  to  12 

7  to  14 

8  to  12 


30  to  40 
30  to  40 
35  to  40 
35  to  40 
35  to  45 

30  to  40 

30  to  40 


30  to  40 
25  to  35 
35  to  40 
35  to  45 
40  to  50 

30  to  40 

35  to  40 


1  Fence  stone  output. 


n8o 
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Note. — i  cu.  yd.  field  stone  cobbles  makes  i  cu.  yd.  crushed  stone  screened- 
out  sizes  (loose  measure). 

i  cu.  yd.  solid  quarry  stone  makes  approximately  1.9  cu.  yd.  crushed 
stone  screened-out  sizes  (loose  measure). 

1  cu.  yd.  field  stone  cobbles  will  produce  from  0.85  to  0.92  cu.  yd.  (0.9  cu. 
yd.  average)  loose  measure  crusher  run  with  the  smaller  amount  for  soft 
rocks  and  the  larger  amount  for  hard  rocks. 

1  cu.  yd.  solid  quarry  excavation  will  produce  from  1.6  to  1.75  cu.  yd. 
(1.7  cu.  yd.  average)  loose  measure  crusher  run. 
Consolidation. 

The  ratio  of  loose  to  roiled  depth  for  crushed  stone  and  gravel  is  about  as 
follows: 

Gravel  1.2 

Crusher  run  1.2  to  1.3  (average  1.25) 

Screened  uniform  sizes  1.3 

Approximate  Amount  of  Boulders  and  Quarry  Stone 
per  Cubic  Yard  Macadam  Rolled  Measure 


1  cu.  yd.  rolled  measure 
1  cu.  yd.  rolled  measure 


iH  to  3W 


Boulders 


Solid  quarry 


Screened   sizes 
Crusher  run 


1 . 7  cu.  yd.  ± 
1.4  cu.  yd.  + 


0.9    cu.  yd.   + 
o.  74  cu.  yd.   ± 


Weights  of  Solld  Rock  (New  York  State) 


Pounds  per 
cubic  foot 


Pounds  per 
cubic  yard 


Limestone 
Sandstone 
Granite . . . 
Gneiss. . . . 
Trap  rock 
Syenite. . . 


167  to  171 
155  to  169 
165  to  171 
167  to  185 
180  to  185 
171  to  184 


4500  to 
4200  to 
4500  to 
4500  to 
4800  to 
4600  to 


4600 
4600 
4600 
5000 
5000 
5000 


Approximate  Weights  of  Crushed  Stone  Per  Loose  Cubh 

Yards 


Rock 


Passing  %" 

screen, 

ordinary 

screenings 


K  to  iW 


iH  to 
2^" 


Above 
2M" 


Limestone 
Sandstone 
Granite . . . 
Gneiss 
Trap  rock 


2550  + 
2450  ± 
2500  ± 
2600  + 
2650  ± 


2350  + 
2300  + 
2350  ± 
2500  ± 
2550± 


2400  + 
2350  ± 
2400  ± 
2550± 
2600  ± 


2400  + 
2350! 
2400  ± 
2550± 
2600  ± 


Crusher  run  200  to  500  lb.  per  loose  cubic  yards  more  than  weight  o 
screened  sizes.     Average  300  lb.  heavier. 

Note. — Some  authorities  give  the  screened  size  weights  about  100  lb 
per  cubic  yard  more  or  less  than  this  table. 
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WEIGHTS  OF  GRAVEL 

Continental   Sand    Company,    Rochester   N.   Y. — Dolomit 

Gravel 

Pit-run  gravel 3,000  lb.  per  cubic  yard  (loose 

Washed  sand 2,700  lb.  per  cubic  yard  (loost 

Washed  gravel: 

IS  %  passing  >£"  screen    ] 

35  %  W  to  iJs"  screen    \ 2,500  lb.  per  cubic  yard  (loose 

50  %  iM"  to  2W  screen  J 
Output  45  %  washed  sand,  55  %  screened  gravel. 

Valley  Sand  Company 

Washed  sand 2,700  lb.  per  cubic  yard  (loose 

Washed  gravel  (mixed  sizes) 2,500  lb.  per  cubic  yard  (loos« 

Output  33  %  sand,  66  %  gravel. 

Note.- — Above  weights  are  for  dry  material.  Wet  sand  will  run  as  hig 
as  3,200  lb.  per  cubic  yard. 

WEIGHTS  OF  CRUSHED  STONE 

Crusher  Run  Stone. — Crusher  run  stone  will  run  from  200  t 
500  lb.  per  yard  higher  than  the  weight  of  screened-out  unifon 
sizes. 

P"or  limestone  weighing  170  lb.  per  solid  cubic  foot  and  approx 
mate  2,400  lb.  per  loose  cubic  yard  screened  sizes.  Crusher  ru 
will  weigh  from  2,650  to  2,800  lb.  per  cubic  yard  loose  measur 
according  to  Harger,  Gilmore,  and  Whitmore  Rauber  and  Vicinu 
See  page  1150  for  weights  of  uniform  screened  sizes  of  limestone. 

COST  OF  STONE-FILL  BOTTOM  COURSE 

The  following  data  are  taken  from  Road  5021,  season  of  ioi< 
labor  cost  17.5  cts.  per  hour,  teams  40  cts.  per  hour. 

The  amount  placed  was  10,000  cu.  yd.  rolled  measure.  Tl 
average  rolled  depth  was  i.i'.  The  surface  was  carefully  brougl 
to  line  and  grade,  allowing  a  variation  of  1"  either  above  orbeloA 
which  inequality  was  taken  out  with  the  top  stone.  A3"  bitum 
nous  top  course  was  placed  directly  on  this  fill.  The  top  layer 
bottom  stone  was  sledged  to  reduce  all  stones  to  8"  or  unde 
Flint  stone  was  used  to  fill  the  top  6"  and  to  surface  the  rough  fi 
The  bottom  course  was  of  fence  stone,  hauled,  on  an  average,  aboi 
^  mile.  I  estimate  that  1  cu.  yd.  rolled  measure  requires  1.: 
cu.  yd.  loose.  The  cost  of  the  bottom  course  per  cubic  yarc 
rolled  measure  was  $1.03,  divided  as  follows: 

Loading  1.25  cu.  yd $0. 19 

Hauling  1.25  cu.  yd.  \fa  mile o.  20 

Placing  1.25  cu.  yd.  and  rolling o.  24 

Sledging 0.15 

Flint o .  10 

Cost  of  fence  stone o.  15 

Total,  per  cubic  yard $1 .03 
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Cost  of  Subbase  Bottom  Course. — Road  495,  Parma  Corners- 
Jpencerport.  E.  E.  Kidder,  engineer.  1082  cu.  yd.  placed, 
.verage  depth  6".     Not  much  sledging  required. 

Cost  of  stone,  1  cu.  yd So .  10 

Loading,  per  1  cu.  yd o.  184 

Hauling  1  mile o .  30 

Laying,  sledging,  and  spreading  filler o.  136 

Rolling 0.02 

Superintendence 0.02 

Cost  of  filler  in  pit  nothing  (gravel  used) ....  o .  00 

Loading  }?£  cu.  yd o .  04 

Hauling  \^  cu.  yd.  1  mile o.  10 

Total $0.90 

Kentucky  Rock  Asphalt. — The  following  data  are  from  the 
larence  Center  Road,  John  D.  Rust,  engineer,  collected  during 
he  season  of  1910.  In  this  work  an  8-ton  tandem  roller  was 
ound  to  do  better  than  a  6-ton  tandem.  The  cost  of  handling, 
preading,  and  rolling  this  material,  from  data  of  5  days  selected, 
varied  from  3.3  to  3.6  cts.  per  sq.  yd.;  the  average  being  3.4  cts. 
The  following  may  be  taken  as  a  typical  analysis  of  this  cost : 

Abbreviations.     L.  Laborers. 
F.  Foreman. 
T.  Teams. 
E.  Roller  engineer. 

Asphalt  $10.25  per  ton  f.o.b.  unloading  point. 

Run  of  July  20,  1909. 
9.22  tons  hauled  and  placed. 
,730  sq.  yd.  covered. 
$0  lb.  asphalt  per  sq.  yd. 

;  L.  at  cars,  10  hr.  at  $1.50  each $  7 .  50 

<£  F.  at  cars  at  $2. 25  per  day , $  1 .  12 

;  T.  haul  2  miles  at  $4  per  team 20 .  00 

;  L.  on  wheelbarrows,  n  hr.,  each  15  cts.  per  hour.  ...       8.  25 
[  T.  at  shredding  machine 4 .  40 

L.  on  rakes,  n  hr.  at  15  cts.  per  hour 4-95 

L.  shoveling,  n  hr.,  at  15  cts.  per  hour 4-95 

[  F.  at  shredder,  n  hr.  at  22.5  cts.  per  hour 2  .48 

[  E.  on  roller,  1 1  hr.  at  30  cts.  per  hour 3 .  30 

Total $56.95 

Cost  per  square  yard,     $0,033. 

McClintock  Cube  Pavement. — The  general  costs  of  this  experi- 
mental pavement  were  given  in  Chap.  VI.  We  here  give  the 
detailed  cost  of  the  vitrified-clay  cubes  and  clay-ash  cubes  only, 
is  the  concrete  cubes  have  not  worn  satisfactorily. 
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Vitrified  Shale  Cubes. — During  1909,  74,000  2^"  vitrifie< 
shale  cubes  manufactured  at  Reynoldsville,  Pa.,  were  laid  at  a  cos 
as  follows: 

Teams  at  50  cts.  per  hour 

74,000  cubes  f.o.b.  Reynoldsville $231 .  25 

Freight 68 .  41 

Carting 67.00 

Laying 20 .  00 

Total $386.66 

Note. — 331  sq.  yd.  were  covered  at  a  cost  of  $1.17  per  squar 
yard. 

Clay  and  Ash  Cubes. — In  1910,  cubes  made  of  a  local  clay  mixe' 
with  ashes  and  burned  were  tried  in  the  effort  to  get  a  cheap 
tough  clay  product.  As  far  as  known,  this  is  the  first  time  brick 
made  in  this  way  have  been  used  on  roadwork. 

The  ash-clay  process  has  been  worked  out  and  patented  b 
Karl  Langenbeck  of  Boston,  Mass.  Man}'  local  clays  used  fc 
ordinary  brick  or  farm  tile  will  not  stand  up  under  vitrificatio 
without  the  addition  of  expensive,  imported  refractory  clays 
but  the  substitution  of  coal  ashes  for  the  more  expensive  clay 
has  a  similar  effect  and  the  cost  is  materially  reduced.  Some  c 
the  local  clay  was  sent  to  Mr.  Langenbeck,  who  turned  out  a  fc 
cubes  that  compare  favorably  in  toughness  with  the  best  pavin 
bricks  on  the  market. 

The  Standard  Sewer  Pipe  Company,  of  Rochester,  N.  Y.,  unde: 
took  to  furnish  400,000  2"  cubes  of  this  description  for  Mr.  M< 
Clintock.  It  was  necessary  for  them  to  experiment  to  determine 
practical  method  of  molding,  the  correct  temperature  to  use,  an 
the  best  proportion  of  ashes,  which  naturally  raised  the  price  abov 
ordinary  practice.  In  molding  they  used  a  modification  of  tb 
ordinary  pipe-molding  machine,  which  produced  a  hollow  square  ( 
cubes,  at  the  rate  of  30,000  cubes  per  hour.  The  scoring  knive 
were  so  set  that  the  cubes  were  nearly  cut  apart,  leaving  jus 
enough  uncut  clay  to  hold  them  together  during  the  burning 
after  which  a  light  blow  separated  them  cleanly  The  toughnes 
of  the  resulting  cubes  can  probably  be  increased  by  further  exper 
ment;  but  the  product  was  good,  although  not  up  tothestandar 
of  the  sample  cubes  made  by  Mr.  Langenbeck. 

The  cost  of  the  ash-clay  cubes  was  as  follows: 

400,000  cubes  f.o.b.  Rochester,  N.  Y.  $1200.00  $0,711  per  sq.  yc 

Carting,  6  miles 247.  75     o.  147  per  sq.  yc 

Filler 27.00     0.016  per  sq.  yc 

Labor  of  laying 191 .77     o.  113  per  sq.  yc 

Roller 1 2 .  94     o . 008  per  sq.  yc 

Total $1679.46  $0,995  per  sq.  yc 

Note. — 1688  sq.  yd.  covered 

Labor,    22  cts.  an  hour  1  f     J  ^  d  cart{ 

Teams,  50  cts.  an  hour  J  J     & 
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Mr.  McClintock  has  stated,  in  discussing  the  cost,  that  in  large 
lantities  he  believes  the  cubes  can  be  delivered  f.o.b.  at  the 
ant  for  Si. 50  per  1,000,  which  would  reduce  the  cost  as  shown 
Love  to  about  60  cts.  per  square  yard,  and  that  the  high  cost  of 
ying  was  due  to  the  irregular  shape  of  the  first  batch,  due  to  not 
pring  the  cubes  deeply  enough. 

Amiesite  Cost  Data. — Road  13 19,  Honeoye  Village,  season  of 
15.     H.  W.  Baker,  engineer  in  charge.     4,700  sq.  yd.  laid  16 ' 
[de  2%"  deep.    Laid  in  two  courses.     Bottom  course  2}i"  thick 
arse  material;  surface  %"  thick  fine  material. 

Material: 

588  tons  at  $4  per  ton  f.o.b.  plant $2352.00 

588  tons  freight  54  cts.  per  ton 341 .  04 

Total  cost  materials $2693 .  04 

Labor  —force  at  cars  unloading: 

6  laborers  at  $2  per  day $12.00 

1  foreman  at  $2.50  per  day 2 .  50 

1  fireman  at  $3  per  day 3 .  00 

1  night  fireman  at  $2 .  50  per  day 2 .  50 

$20.00 
Equipment  at  cars: 

1  boiler  and  pipe  line  per  day 8 .  00 

}/2  ton  coal  and  oil 2.50 

Total  daily  cost  of  unloading $30. 50 

Hauling  Y±  mile: 

4  teams  at  $5  per  day $20 .  00 

Spreading  and  compacting: 

1  asphalt  raker 3.00 

4  laborers  at  $2  per  day 8 .  00 

1  rollerman 3 .  00 

Per  day $14 .  00 

Equipment: 

1  roller  (10-ton  tandem) 10 .  00 

Coal,  oil,  etc o .  80 

Daily  cost  spreading  and  compacting $24.80 

Summary  daily  force  account: 

Unloading 30 .  50 

Hauling 20.00 

Spreading  and  compacting 24. 80 

$75-30 
Number  of  days  worked,  15 

Total  labor  15  days $1129. 50 

Total  materials  cost 2693 .  04 

Total  cost $3822 .  54 

Cost  per  square  yard o. 81 

Bid  price  square  yard o .  85 
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Conditions: 

This  work  was  done  under  bad  weather  conditions  the  night  tem- 
perature being  below  freezing  and  only  2  days  with  an  air  tem- 
perature above  55°F. 

It  was  necessary  to  keep  a  night  fireman  at  the  cars  to  keep  up 
steam  and  to  move  the  steam  pipes  to  different  parts  of  the  cars  to 
insure  the  amiesite  being  in  a  condition  to  loosen  and  shovel  in  the 
morning.  The  material  was  loosened  by  bars  and  sledges  to  the 
bottom  of  the  cars  steamed  10  to  30  min.  and  then  shoveled 
into  dump  wagons,  covered  with  canvas  and  hauled  to  the  street. 

Under  favorable  weather  conditions  the  cost  of  unloading  from 
the  cars  would  probably  be  reduced  40%. 

Table  of  Amounts  of  Amiesite  required  for  different  thicknesses  and 
materials,  page  1186. 
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Topeka  Mix. — The  following  data  on  output  and  organization 
is  quoted  from  Engineering  Contracting. 

The  wearing  surface  mixture  was  prepared  in  a  Cummer  standard 
one-car  portable  paving  plant  of  2,000  sq.  yd.  of  2"  top  per  day 
(10  hr.)  rated  capacity,  having  a  twin-pug  mill  (10  cu.  ft.)  capable 
of  handling  a  1,000-lb.  batch  of  material.  The  total  weight  of  this 
iplant  ready  for  transporting  is  100  tons. 

When  the  plant  is  working  at  its  full  capacity,  3  tons  of  coal  are 
required  per  day. 

The  organization  at  the  plant  is  as  follows: 

1  foreman. 
1  engineer. 

1  fireman  and  1  blacksmith. 

2  men  at  scales  weighing  materials. 

2  men  feeding  stone  to  elevator  to  drier. 

2  men  feeding  sand  to  elevator  to  drier. 

2  men  shoveling  stone  from  car. 

2  men  shoveling  sand  from  car. 

2  men  stripping  barrels,  etc. 

1  man  with  horse,  conveying  sand  from  pile  to  elevator. 

1  man  with  horse,  conveying  stone  from  car  to  elevator. 

On  a  good  day's  work  (8  hr.)  the  following  quantities  of  material 
were  used:  16  tons  of  asphalt,  132  tons  of  stone,  47  tons  of  sand,  n 
tons  of  dust  or  filler,  making  a  total  of  206  tons  of  mixture. 


n88  COST  DATA 

FIELD    COST   DATA— BITUMINOUS   MACADAM,    MIXING 

METHOD.    NEW  YORK  STATE  RECONSTRUCTION, 

ASPHALTIC  CONCRETE,  1925 

E.  A.  Close,  engineer  in  charge 

General  information 

Length  and  Type. — Two  miles  of  water-bound  macadam,  2c 
years  old,  and  6.5  miles  of  bituminous  macadam,  16  to  18  yean 
old,  was  to  be  resurfaced  and  widened. 

An  evener  course  of  black  base  (asphaltic  concrete)  was  used  tc 
fill  pot  holes,  widen  old  macadam,  and  reduce  excessive  crown. 

Top  course  was  a  modified  Topeka  mix  or  stone-filled  shee' 
asphalt. 

Cross-section. — Black  base  course  was  10/  top  and  20'  bottorr 
width;  i%"  minimum  thickness. 

Top  course  was  18'  wide,  ij*j"  uniform  thickness. 

An  edging  of  black  base  6"  wide,  i££"  thick  was  placed  on  eacl 
side  of  the  top  course  after  side  forms  had  been  removed  to  protec 
the  edges  of  top  course.  Cost  of  this  edging  is  included  in  th 
black-base  course. 

Mix. — Black-base  mix,  in  general,  was  proportioned  600  lb 
stone,  300  lb.  sand,  and  45  lb.  asphalt. 

Top-course  mix,  in  general,  was  proportioned  265  lb.  stone,  65' 
lb.  sand,  and  85  lb.  asphalt. 

Haul. — The  average  haul  for  all  material  was  6.2  miles  frori 
plant  to  spread. 

Progress. — 55,833    sq.    yd.    top    course    were    placed.      13,57  j 
tons    black    base    (including    edging)    were    placed.     Average 
sq.  yd.  and  0.4887  ton  per  linear  foot  road.     Job  65%  complete. 

95  working  days  on  black  base.     38  working  days  on  top  course  I 
38  days  on  repairs.     Plant  operated  a  total  of  133  days  on  bot 
courses. 

Distribution  of  General  Charges. — Certain  general  charges  show 
in  Tables  A  and  B  could  not  be  directly  assigned  to  either  course 
and  are  distributed  in  the  proportion  of  the  number  of  days  plan  ] 
time  charged  to  each  course,  viz.,  9^f  33  to  black  base  and  3H3 
to  top  course. 

Main  office,  financing  charges,  and  other  overhead  figures  wer 
not  available  and  are  not  included. 
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Table  of  General  Costs 
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Description 

Quantity 

Rate 

Amount 

Remarks 

Salaries: 

Manager  asphalt 
department 

Rent: 

Storage  space,  office, 
etc 

3 .  69  mo. 
61Mo  m°- 

8  mo. 

8  mo. 

561 .02  tons 
20  tons 

39,000  gal. 

$Soo. 
150. 

40. 

25. 

3 .40 
4-50 

0.045 

$1,845.00 
955-00 

320.00 

200.00 

1,907.47 
90.00 

1,755.00 

200.00 

90.00 

2,750.00 

97500 

Rate  estimated 

Rate  estimated 

Rate  estimated 

Purchased 
locally 
Rate  estimated 

Estimated 

Rate  esti- 
mated inclu- 
ding    driver, 
gas,    oil,    re- 
pairs,     tires, 
interest     de- 
pression, etc. 

Estimate     in- 
cluding    two 
new  dust  col- 
lectors, 
special        oil 
burner,  etc. 

Office  supplies: 

Telephone,     postage, 
etc 

General  supplies: 

Coal 

Coal 

Fuel  oil 

Lubricating    oil    and 
waste 

Truck     covers,     tar- 
palins 

6 
7H  mo. 

1500 
375-00 

General  hauling: 

ij^-ton  truck 

Property  damage: 
Residence      property 
damaged  by  smoke 
and  dust. 

65%  of  $1500.00 

Tnsurance:  Estimated  4%  of  pay  roll  $39,749.31     $1,589.97 

labor:  See  Table  A 4,511 .  94 

Equipment:  See  Table  B 13,210.00 

Total  general  charges $30,399. 38 
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Table-4  . — Plant  Costs — Labor 
(Assembling,  erecting,  and  repairing) 


Title 

Rate 

Time 

Amount 

Remarks 

Plant  foreman. . 

$333-33  per  month 

81  days 

$  899.99 

Foremen 

7  .00  per  day 

76  days 

532.00 

Crane  operator. 

225 .  00  per  month 

81  days 

700.96 

Rate  esti- 
mated to  in- 
clude over- 
time 

Mechanic 

7.00  per  day 

46  days 

322.00 

Rate  esti- 
mated to  in- 
clude over- 
time 

Raker 

160 .  00  per  month 
5.  83  per  day 

1  month 
4  days 

160.00 
23-32 

5.00  per  day 

87  days 

435-00 

Laborers 

5.00  per  day 

100  days 

500.00 

Mixerman 

40.  00  per  week 

28  days 

186.67 

Boilermakers.  .  . 

12  .  00  per  day 

14  days 

168.00 

Rate  esti- 
mated 

Bricklayers 

12.00  per  day 

2  days 

24.00 

Rate  esti- 
mated 

Total 

40 .  00  per  week 

84  days 

560.00 

Carry  for- 
w  a  r  d      to 

$4511.94 

Table     of 

G  e  n  e  r  a  1 

costs 

TableS. — Plant  Costs — Equipment 
(Interest,  depreciation  and  repairs) 


Equipment 


Value 


Interest 


Depre- 
ciation 


Repairs 


Totals 


Asphalt  plant. 


Crane 

Roller 

Small  tools. 


$25,000! 

5,000* 
4,000* 

2.0001 


Estimated  at  40  % 
of  valuation 


$300 
240 
120 


5    8001 

5001 

i.ooo1 


$200 
50 


$10,000 

1,300 

790 

1,120 


Total — Carry  Forward  to  Table  of  General  Costs. 


$13,210 


1  Note. — These  figures  were  estimated. 
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Table  of  Black  Base  Costs 
Labor — mixing  and  hauling 


Title 

Rate 

Time, 
days 

Amount 

Totals 

Plant  foreman 

Crane  operator 

$333-33  per  month 

225.00  per  month 

7.00  per  day 

5 .  00  per  day 

40 .  00  per  week 

.  50  per  hour 

5 .  00  per  day 

30.  00  per  day 

7  .  00  per  day 

97 
99 
95 

191 
95 

392 
95 

337 
II 

$   1,077.70 

856.73 

665 . 00 

955-00 

63333 

1,960.00 

475-00 

10,110.00 

77-00 

$16,809.83 

Firemen 

Mixerman 

Watchmen 

Trucks,  6-ton 

Foremen 



Labor — spreading  and  compacting 


Title 

Rate 

Time, 
days 

Amount 

Totals 

Foreman 

Foreman 

Raker 

$  40 .  00  per  week 
50.00  per  week 
40.00  per  week 
50.00  per  week 
35-  00  per  week 

6 .  00  per  day 
45 .  00  per  week 

52 
58 
80 
45 
79 
783 
95 

$      346.67 
483.33 
53333 
375  00 
460 . 83 
4,698.00 
712.50 

$7,609.66 

Raker 

Tamper 

Laborers 

Rollerman 

. 

Materials 


Material 

Price 

Quantity 

Amount 

Totals 

Crushed 

stone  .  . 
Sand     ,  ,  . 
Asphalt    . 

$2.01     per  ton 
1 .  40    per  cu.  yd. 
0.069  per  gal. 

9,028.925  tons 
3,209.48  cu.  yd. 
162,037           gal. 

$18,148.14 

4.493.2  7 

11,180.55 

$33,821.96 

General    charges 
Prorated  from  Table  of  General  Costs,  9Mas  X  $30,399.38  =  $21,713.84 


Unit   costs 


Total  $79,955   29 


$79,955.29  *  13.579  =  $5,888  per  ton. 

0.4887  tons  per  linear  foot  of  road  $5 . 888  X  0.4887  =  $2,877  per  linear 
foot  of  road. 

Note. — Prices  and  rates  in  top  course  table  apply  also  to  this  table. 
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Hassam  Concrete  Pavement. — Cost  of  Grouting.  Road  5529. 
Lyell  Ave.,  Spencerport.  Season  1915.  E.  E.  Kidder,  engineer 
in  charge.  Road  16  wide  5"  deep  compacted  measure  and  approxi- 
mately 6  miles  long.  9880  cu.  yd.  of  Hassam  were  grouted  in  71 
working  days  with  the  organization  shown  in  the  figure  below. 

Inspectors 
InqulMtire.  Natiree    Viators  Et 

. 0°Oogo°  (feOotocD 


I 1    Roller 

•*  ["at  Rest 
§"  $      "i  g-  '(as  usual  ) 

2.  I"    ,o2        Progress  of  Work 


Daily  i'orce  Account 


Tamp  *  Broom-men 


Spout-raaa 


Operator 


Paseers  Etc. 


Eoller-mari 


Foreman 


lotal 


$12.50 


2.00 


2.75 


12.00 


3.50 


71  days  at  $36.25  per  day $2573 .  75 

Amount  grouted 9880  cu.  yd. 

Cost  of  labor  per  cubic  yard $0.  26 

Conditions. — Administration  and  superintendence  good.  Tem- 
per of  crew  rather  bad  as  they  were  not  receiving  the  wages  tha' 
they  expected  to  get  for  the  first  half  of  the  job.  Could  have  made 
a  better  record. 

Speed  of  Work, — Averaged  450  lin.  ft.  per  day. 

Materials 

Cement. — 8500  bbl.  used  or  an  average  of  0.86  bbl.  per  cu.  yd 
of  Hassam.  This  varied  from  0.75  in  the  beginning  to  0.95  durinj 
the  latter  part  of  the  work  when  a  liberal  spread  of  stone  was  usee) 
to  compensate  for  rough  grading  and  a  desire  to  end  the  work  befor< 
winter. 

Sand. — Royalty  on  sand  was  30  cts.  per  load  or  5.2  cts.  per  cu.  yd 
of  Hassam.  Cost  of  haul  corresponds  to  average  costs  given  ii 
previous  cost  data. 

Stone. — 16,050  tons  of  limestone  i34"  to  3H"  in  size  were  used 
This  amounts  to  3250  lb.  per  cubic  yard  compacted  measure  whicl 
is  high  for  this  grade  of  stone.  This  was  due  to  a  liberal  use  of  stom 
over  poorly  shaped  subgrade  and  to  excess  depth  where  wet  materia 
was  removed. 

Water. — Metered  supply.  70  gal.  per  cubic  yard  of  Hassam;  thi: 
includes  water  for  engines,  leakage  in  a  long  line  and  considerabh 
waste  at  the  grout  mixer. 

CONCRETE  ROADS 

Cost  Data. — Road  5423,  Hartland  Medina  Part  2.  Season  1914 
F.  W.  Bristow,  engineer  in  charge.  9550  cu.  yd.  1: 1^  13  concreti 
pavement  laid  16'  wide  6"  deep. 
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Materials  and  Equipment 

Cement. — Knickerbocker  at  $1.18  net  bags  returned  f.o.b.  siding, 
[.-mile  average  haul. 

Sand. — Excellent  local  sand,     i^-mile  haul. 

Stone.— Local  crushed  stone  (Medina  sandstone  and  granite  %ff 
o  2^"  in  size)  )^-mile  haul  to  crusher,  i-mile  haul  crusher  to  road. 

Concrete  Mixer. — Koehring  with  boom  and  bucket  delivery  %  cu. 
'd.  batch. 

Speed  of  Work. — 500  to  550  lin.  ft.  of  road  or  148  to  165  cu.  yd. 
nixed  and  placed  per  10-hr.  day. 

Actual  Amount  of  Materials  Used. 

Cement  1.85  bbl.  per  cubic  yard  concrete. 
Sand  0.4  cu.  yd.  per  cubic  yard  concrete. 
Stone  0.80  cu.  yd.  per  cubic  yard  concrete. 
wants. 
Wooden  joints  used  for  half  the  work. 
Steel  and  felt  joints  used  for  half  the  work. 
.abor  Cost  of  Mixing  and  Placing  Concrete. 
Labor  $1.75  per  10-hr.  day. 
The  force  at  the  mixer  comprised: 

1  foreman. 

2  laborers  setting  forms. 
10  laborers  shoveling  stone. 

3  laborers  shoveling  sand. 

6  laborers  on  stone  wheelbarrows. 

3  laborers  on  sand  " 
1  laborer  passing  cement. 

1  laborer  emptying  cement. 
1  mixer  runner. 

1  mixer  fireman 

4  laborers  placing  concrete. 

2  laborers  on  screed. 
2  laborers  floating. 

1  laborer  preparing  joints. 
1  laborer  sprinkling,  brooming,  etc. 
The  cost  of  setting  forms,  mixing,  placing  and  finishing  the  con- 
rete  including  coal  ranged  from  48  to  51  cts.  per  cu.  yd. 
This  does  not  include  overhead  or  plant  charge. 
The  water  cost  per  cubic  yard  concrete  was  approximately  4  cts. 
nd  includes  laying  pipe  line  and  pumping  from  creeks. 

The  overhead  charge  per  cubic  yard  of  concrete  was  approximately 
,s  follows: 

Jond $0 .  036  per  cu.  yd. 

mployers  Compensation  Insurance  $2.92  per 

$100  payroll o .  096  per  cu.  yd. 

■*ublic  Liability  Insurance 0.016  per  cu.  yd. 

ivlachinery  and  tools,  freight  hauling,  erection, 

interest,  depreciation  and  repairs o. 600  per  cu.  yd. 

$0,748 
Say  $0. 75  per  cu.  yd. 
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COST  DATA,  CONCRETE  ROADS 

Materials 

Stone. — Cost  of  stone  varied  greatly  during  the  year,  from  62  tc 
85  cts.  per  cubic  yard  at  the  Blissville  docks.  To  obtain  a  low  void- 
age  contractors  ordered  a  mixture  of  No.  2  and  No.  3  stone.  This 
mixture  weighed  approximately  2700  lb.  per  cubic  yard;  therefore 
cost  of  stone  f.o.b.  car  at  destination  would  be: 

1  cu.  yd.  stone  at  Blissville  (say) $0. 8c 

Transfer  (17  cts.  per  ton),  1.35  X  0.17 0.2, 

Freight  (63  cts.  per  ton),  1.35  X  0.63  (rate  to  Patchogue) . .     0.8 


Total $i.8i 

Note. — Arrigoni  paid  $1.81  delivered  f.o.b.,  on  rate  made  in  1914 
before  stone  raised.     Freight  rate  to  Patchogue  then  60  cts. 
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Organization 
Concrete  1-1H-3,  4  bag  baton 

•  H 

letter    Position  Number 

=i    A      Foreman  2 

Engineer  1 

Fireman  1 

Chute  1 

Placing  cone  8 

Screeding  2 
Floating 


F 


B 
O 
D 
E 
F 
G 
H 
J 
K 


1 

Brooming  and  1 

general  help 

Cement   (to  hopper)  2 

Cement  (getting 

ready )  1 

0  Zj      Stone  (barrows)  4  or  5 

™M      Stone  (shoveling)  8 

JV"      Sand  (barrows)  2  or  3 

Q      Sand  (shoveling)  8 

P      Forms  2 

J5      Pump  1 

y      Trimming  grade  3 

W     Watchmen,  covering  2 
and  wetting  dawn 


Rate 

S3.00& 
4.00 
3.00 

2^0 

2.00 

2.00 

2.00 

2.50 
1.85 
2.00 

1.83 
1.85 
0.85 
1^5 

1.85 
2.00 
2.25 
L85 
LS5 


Also  charge  H  Supt,  and  Ji  timekeeper 
Trimmers  "T"  place  expansion  joints 
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Haul  varied  from  12  cts.  per  yd.  mile  using  tractor  roller  and  5  cu. 
rd.  trailers  (3),  to  as  high  as  35  cts.  per  yd.  mile  with  teams. 

Transfer  from  cars  to  wagons  15  to  20  cts.  per  cubic  yard  depend- 
nt  mostly  on  rate  of  wages;  therefore,  cost  on  job,  with  stone  as  per 
ibove,  and  a  2-mile  haul  would  be  approximately  $1.88  +  0.60 
■f-  0.20  =  $2.68  per  cubic  yard. 

Gravel. — Cost  of  same  at  bank,  screened,  and  in  bin  varied  from 
.5  to  85  cts.  (dependent  mostly  on  per  cent  of  gravel).  Haul  same 
is  stone. 

Sand. — Cost  of  same  at  bank,  (in  wagons — screening  unnecessary) 
varied  from  35  to  60  cts. 

Haul:  25  to  35  cts.  per  yd.  mile. 

Note. — When  obtained  from  same  pit  as  gravel  I  would  consider 
ts  cost  in  bin  as  one-third  the  cost  of  all  material  leaving  the  plant, 
;ravel  in  this  case  two-thirds  of  same  total  (say  25  cts.  [sand]  and  50 
:ts.  [gravel]  where  gravel  would  be  75  cts.  +  were  all  sand  wasted). 

Cement. — Cost  of  cement  varied  greatly  during  the  year;  a  good 
average  was  $1.20  per  barrel  net.  Actual  practice  with  graded 
tone  has  shown  1.75  bbl.  per  cubic  yard  of  concrete  a  safe  factor. 

Haul  varied  from  3^  cts.  (truck)  to  5  cts.  (wagon)  per  barrel  mile. 

Handling:  average  2  cts.  per  bbl.  when  handled  direct  from  car 
o  job. 

Plant. — Exclusive  of  forms  and  water  line. 

1  mixer — 4-bag  mix,  1: i}4:3>  at  least  20  cu.  ft.  capacity 

1  screed — 19'  by  4"  by  12",  with  }£"  iron  plate. 

1  bridge—  1 8'  X  3"  X  12". 

3  floats — (one  split) ;  and  one  trowel. 

1  doz.  forks — close  tined  for  stone. 
10  square  shovels. 
16  wheelbarrows  (2  or  2^  cu.  ft.  capacity) 

1  canvas — 160'  X  20' — with  frame. 

2  tampers. 

1  template  to  test  subgrade. 

1  doz.  pins  to  hold  expansion  joints  (or  special  template  for  that 
purpose). 
Small  tools,  other  than  noted. 

1  Straightedge,  24'  X  10"  X  4",  for  extra  width  on  curves. 
Total  cost  of  above  approximately  $2300. 

Manipulation 

Exclusive  of  water,  forms  and  trimming  subgrade. 

Superintendent  (one-half) $3 .  00 

Timekeeper  (one-third) 1 .  00 

Foremen  (2)  (see  Fig.,  p.  1 196) 7 .  00 

Engineer  (1)  (see  Fig.,  p.  1196) 3.00 

Fireman  (1)  (see  Fig.,  p.  1 196) 2 .  50 

Mason  (1)  (see  Fig.,  p.  1 196) 2 .  50 

Laborers  (8  at  2.00)  (see  Fig.,  p.  1196) 16.00 

Laborers  (21  at  1.85)  (see  Fig.,  p.  1196) 38.85 


Total $73 


>5 
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Based  on  an  average  day's  work  of  182  cu.  yd.  (10-hr.  day), 
the  manipulation  of  a  cubic  yard  of  concrete  would  cost  with  the 
above  organization,  40.6  cts. 

Note. — The  above  organization  has  laid  over  780  lin.  ft.  of  i63^' 
pavement  (outside  dimensions),  in  a  10-hr.  day.  (The  182  cu. 
yd.  is  based  on  a  length  of  6oo'  of  pavement  with  a  cross-section 
of  8.2  sq.  ft.) 

Water 

Plant  should  be  capable  of  supplying  30  gal.  per  minute.  Pipe: 
10,000  (at  least)  lin.  ft.  2"  pipe,  galvanized  at  16  cts..  .  .   $1600.00 

Black,  at  14^  cts 1450  ■  00 

35  "Ts"  for  same  (one  each  300')  at  50  cts 17 .50 

Pumps:  3  to  25  hp.,  dependent  on  conditions.  For  lower 
power,  gas  engine  O.  K.;  for  higher,  steam  the  best  (latter,  best  for 
surety  of  supply). 

Outfits  $150  to  $1000. 

Where  wells  were  necessary,  2"  supply  pipe.  Driving  same  $1.40 
per  foot  for  depths  not  greater  than  40';  $1.50  to  70'  depth.  This 
includes  pipe  and  point. 

Shaughnessy  paid  a  lump  sum  for  water  from  Bayshore  to  Islip 
($300,  I  believe)  from  hydrants.  On  5  23  2 a,  water  was  bought 
from  private  parties  for  part  of  the  work  at  $3  per  day. 

Cost  of  running  steam  pump  located  at  well  or  surface  water 
supply,  including  operator,  varies  from  $5  to  $8  per  day  dependent 
on  weather  conditions. 

200'  of  rubber  hose  at  34  cts.  per  foot  necessary  for  connectior 
with  mixer  and  sprinkling  road.  Of  this  a  15'  section  should  be 
connected  on  intake  pipe  of  mixer,  with  which  to  sprinkle  subgrade 

Forms 

1.  6"  Channel  forms  (steel)  32  cts.  per  it.  including  pins,  8' 
sections. 

2.  Patent  steel  forms  with  bevel,  24  cts.  per  ft.  Pins  for  same 
$1  each,  one  necessary  for  each  section.     Sections  12'  long. 

3.  Wooden  forms  with  bevel  about  12  cts.  per  linear  foot. 
Cost  of  placing  same,  2  men  at  $2  per  day,  $4  per  day  (see  P. 

Fig.,  p.  1 196). 

At  least  1200'  of  forms  necessary,  so  that  600  lin.  ft.  of  road  car 

be  built  without  forms  being  moved.     Based  on  (2)  forms  would 

cost: 

1200'  of  forms $288.00 

Say  1 10  pins 1 10 .  00 

Total $398.00 

Subgrade 
Three  men  generally  necessary  at  $1.85  per  day  (see  T,  Fig.,  p. 
1196). 

General 

A  steam  roller  ($2200)  might  justly  be,  partially  at  least,  charged 
to  concrete.  Cost  of  operating  same,  including  rollerman,  not 
greater  than  $12  per  day  if  owned  by  contractor. 
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CONCRETE  PAVEMENT  COST  DATA 

■fame  of  Road,   Main   Street,   Sec.   Ill,    County  Highway   130, 
Erie  County,  New  York  State. 
Length,  3.68  miles.     Thickness,  average  7"   parabolic   crown. 
Width,  1 6'.  Proportions  of  mix,  1:1^:3. 

Total  cubic  yards,  7038. 

Labor,  exclusive  of  water  supply,  including  supervision  $0.6818 

Plant  forms  and  tools 0.3091 

f  steel  plates  0.1782' 

.  Expansion  joint  material  J  tarred  paper  o.  0295  I       o.  2077 

(  o.2077_ 

Water  supply,  including  labor 0.0625 

Cement  placed  on  roadside  ready  for  mixer 2 .  3379 

Sand  placed  on  roadside  ready  for  mixer o. 8359 

Stone  placed  on  roadside  ready  for  mixer 1 .0518 

Reinforcement,  if  any o .  0000 


Total  cost  per  cubic  yard $5 .  4867 

abor,  rate  per  hour,  16^  cts.;  teams,  rate  per  hour,  50  cts.;  hours 

in  day  worked,  10. 

Remarks:  Work  done  by  state  day  labor.  Materials  unloaded 
y  hand.  Plant  charges  included  proportionate  to  life  of  plant, 
even-tenths  mile  average  haul. 


fame  of  Road,  Huntington-Amityville,  Part  2,  12 19,  Suffolk 
County 

Length,  4.69  miles.     Thickness,  4%"  and  6%"  =  av.  5%" '. 
Width,  16'.  Proportions  of  mix,  1:1^:3. 

Total  cubic  yards,  7409. 

Labor,  exclusive  of  water  supply,  including  supervision .  .  $0.52 

Plant  forms  and  tools 0.58 

Expansion  joint  material o  .05 

Water  supply,  including  labor 0.10 

Cement  placed  on  roadside  ready  for  mixer 2  .  36 

Sand  placed  on  roadside  ready  for  mixer o.  23 

Stone  gravel  placed  on  roadside  ready  for  mixer 1 .05 

Reinforcement,  if  any o .  00 

Total  per  cubic  yard $4 .  89 

Contractor's  bid  price 5-3° 

abor,  rate  per  hour,  20  cts.;  teams,  rate  per  hour,  55  cts.;  hours  in 

day  worked,  10. 

Remarks:  Auto  truck  for  most  of  haul.  Gravel  furnished  by 
irge  screening  and  washing  plant  accounts  for  high  plant  cost, 
►nly  proportionate  part  charged  for  this  plant  as  it  is  to  be  used  to 
roduce  commercial  output. 
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Road  1201 — Nassau  County  Concrete  Pavement 

(i)  Sand: 

In  bins  Heling  Bros,  per  cubic  yard So.  15 

Haul  by  auto  (contractor  owner)  2^2  mL  at  15  cts.         0.3? 


Sand  on  road  per  cubic  yard o.  53 

Gravel: 

In  bins  Heling  Bros,  per  cubic  yard o .  8  = 

Haul  by  auto  (contractor  owner)  2I2  mi-  at  15  cts.  0.3^ 


Gravel  on  road  per  cubic  yard $1 . 2-c 

Cement: 

Cement  stored  at  $1  per  day  for  150  days $150. oc 

Approximately     11 70    bbl.    stored.     Storage    per 

barrel o.  J 

f .o.b.  Farmingdale  (estimate) 1 .  3c 

Handling  and  hauling   (10  cts.   estimate)   double 

handling  in  most  cases o .  i< 

Cement  per  barrel  on  road $1 . 5. 

This  price  also  approximate  cost  of  cement  bought 
from  Parker,  Hassani  County. 

Plant: 

(2)       1  auto  truck  (Sauer) $6,500.0 

1  concrete  mixer 1,200.0 

2  doz.  shovels 21.0 

2  teams  at  $700,  2  bottom  dumpers  at  $400 2,200.0 

Forms  (wooden)  800  lin.  ft 40.0 

8  barrows 24.0 

2  doz.  picks 42.01 

1  bucket  conveyor,  loader 600. o | 

1  screed 150 

Incidentals 20.0 


>io,672.o 


(3)       Pressure  water  from  fire  plugs 

Pavement  per  cubic  yard  concrete  10  cts $100.0 

1500  ft.  (lin.)  2"  pipe  at  8  cts 120. o 

ioo'  2"  rubber  hose 50.0 

300'  1"  rubber  hose 45 .  o 


(4)  Manipulation  per  cubic  yard  in  place.     This  does 

not  include  covering,  uncovering,  sprinkling  . .  $0.9 

(5)  Forms: 

Setting  and  resetting  forms  per  linear  foot  of 

road So .  o 

3  X  1.75  X  20  days 
=  0.03 

3093 
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(6) 


Trimmings: 

Per  cubic  yard  of  concrete \ 

6  men  at  $  i .  75  20  days  =  $210 
roller  at    12.00    6  days  =        72 

$282 

=  0.28 

990 
cubic  yard  of  concrete 
Expansion  joints  at  40  cts.  apiece  every  30' 
Covering  and  uncovering  and  wetting  concrete 
during  curing  season 

2  men  to  cover  at  $1 .  75 $3 .  50 

2  men  to  uncover  at  $1 .  75 3 .  50 

1  man  to  sprinkle 1 .  75 


K2l 


$8.75 

^— =  $0. 18  per  cubic  yard  concrete 

990 

Road  No.  1203 — Nassau  County  Concrete  Pavement 

(1)  Sand: 

In  pit  of  Mr.  Bennett  per  cubic  yard $0. 15 

Screening  and  loading  (estimated) 0.22 

Haul  2  mile  (auto  truck)  contractor  owner  at 

1 2  cts 0.24 

Cost  per  cubic  yard  on  road $0.61 

Trap  rock  (imported) : 

F.o.b.  Baldwin  $1.59  per  cubic  yard $1 .  59 

Unloading  1 5  cts 0.15 

Haul  1.6  mile  at  25  cts.  teams  and  auto  truck.  .  0.40 

Stone  per  cubic  yard  on  road $2 .  14 

Cement: 

F.o.b.  Baldwin  per  barrel $1 .38 

Handling  and  hauling  per  barrel  5  cts o .  05 

Cement  per  barrel  on  road $1 .  43 

2)  Plant: 

1  screed $  20 .  00 

i  concrete  mixer 1800 .  00 

1  steam  roller 3000 .  00 

1  doz.  wheelbarrows 36 .  00 

2  doz.  shovels 21.00 

3  teams  at  $700,  3  bottom  dumpers  at  $400. .  . .  3300.00 

1  auto  truck 5000 .  00 

2  doz.  picks 42  .  00 

Forms  (wooden  $20;  steel  $126) 146 .  00 

Incidentals 50 .  00 

Water  wagon 400 .  00 


>i3,8i5.oo 
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Water: 

Pressure  line  fire  plugs,  total ...  

4000'  2"  pipe  6  cts , 

ioo'  2"  rubber  hose , 

300'  1"  rubber  hose 

(4)  Manipulation: 

Includes  all  works,  sprinkling,  covering,  uncover- 
ing, in  place  complete  per  cubic  yard 

(5)  Forms: 

Setting  and  resetting  forms  per  linear  foot  of 
road 

(6)  Trimming  (Subgrade) 

Per  cubic  yard  concrete  in  place 

Expansion  joints  at  40  cts.  apiece  every  30' 

Road  No.  12 19. — Suffolk  County  Concrete  Pavement 

(1)  Sand: 

In  bins  Heling  Bros,  pit  cubic  yard 

Haul  by  auto  (contract)    1.5  miles  estimate  30 
cts 

Cost  per  cubic  yard  on  road 

Gravel: 

In  bins  Heling  Bros,  pit  cubic  yard 

Haul  by  auto  (contract)  estimated  30  cts 

Cost  per  cubic  yard  on  road 

Cement: 

Bbl.  f.o.b.  Farmingdale 

Handling  and  hauling 

Cement  on  road  per  barrel 

(2)  Plant: 

Same  as  on  12 18 

(3)  Water: 

Cost  of  water 

1  mile  2"  pipe  at  6  cts.  per  foot 

100'  2"  rubber  hose 

400'  1"  rubber  hose 

1  pump  and  gas  engine  (estimate) 

(4)  Manipulation: 

Includes  all  work;  sprinkling,  covering,  uncover- 
ing, in  place  complete  per  cubic  yard $0.5 

(5)  Forms,  setting  and  resetting  per  linear  foot  of  road  o .  c 

(6)  Trimming: 

Per  linear  foot  of  road o .  c 

Expansion  joints  at  40  cts.  apiece  every  30'. 


$100. oc 

240.0c 

50.0c 

45  oc 

$435-oc 

So.  6; 

O.Oj 

O.  2i 

%o\ 

0.3! 

$0.4. 

$0.7 

o-3 

$1.0 

$1.2 

0.0 

Si- 3 

$700. 0 

320.0 

50.  c 

60. c 

IOOO. 0 

•2130.0 
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Road  12 18 — Suffolk  County  Concrete  Pavement 

(1)  Sand: 

In  bins  Heling  Bros,  pit  cubic  yard $0. 10 

Haul  by  auto  (by  contract)   1.7  miles  approxi- 
mate    o .  40 


Sand  per  cubic  yard  on  road $0.50 

Gravel: 

In  bins  Heling  Bros,  pit  cubic  yard $0.  75 

Haul  by  auto  (by  contract)  approximate! 7  .....  0.40 


Cost  per  cubic  yard  on  road $1.15 

Cement: 

F.o.b.  Farmingdale $1.27 

Handling  and  hauling o.  08 


Cement  on  road  per  barrel $1 .  35 

[2)  Plant: 

Gravel  and  sand  screening  complete,  including 

various  set  ups $15,000.00 

1  concrete  mixer 1,800 .  00 

1  roller 2,800 .  00 

1  screed 20 .  00 

18  wheelbarrows 54. 00 

2  doz.  shovels. 21 .  00 

3  teams  at  $700,  3  bottom  dumpers  at  ^400.    .  .  3,300.00 

2  doz.  picks 42  .  00 

1  road  planer  and  scarifier 600 .  00 

Forms  (steel) 630 .  00 

Tarpaulins 100.00 

Incidentals 75 .  00 


$•24,442.00 


(3)  Water: 

Total  paid  for  water  approximately $130.00 

1  mile  2"  pipe  at  6  cts 320.00 

100'  2"  rubber  hose 50.00 

400'  1"  rubber  hose 60.00 


$560.00 

(4)  Manipulation: 
Includes  all  work,  sprinkling,  covering,  uncovering, 

in  place  complete  per  cubic  yard $0. 54 

(5)  Forms: 
Setting  and  resetting  form  per  lineal  foot  of  road ...  0.02 

(6)  Trimming: 

Per  lineal  foot  of  road o .  06 

Expansion  joints  40  cts.  apiece  every  50' . 
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COST  DATA 

Name  of  Road,   Huntington  Town   Line-Farmingdale,    Part  i, 
Suffolk  County 

Length,  1.27  miles.  Thickness,  5"  and  7"  =  Av.  6". 

Width,  1 6'.  Proportions  of  mix,  1: 1^:3. 

Total  cubic  yards  2051. 

1.  Labor,  exclusive  of  water  supply,  including  supervision. .  $0.56 

2.  Plant  forms  and  tools 0.61 

3.  Expansion  joint  material o. 06 

4.  Water  supply,  including  labor 0.12 

5.  Cement,  placed  on  roadside  ready  for  mixer 2.13 

6.  Sand,  placed  on  roadside  ready  for  mixer 0.22 

7.  Stone,  placed  on  roadside  ready  for  mixer 1 .01 

8.  Reinforcement,  if  any o .  00 

Total  per  cubic  yard $4.71 

Contractor's  bid  price 5 .  30 

Labor,  rate  per  hour,  20  cts.;  teams,  rate  per  hour,  55  cts.;  hours  in 
day  worked  10. 

Remarks:     Auto  truck  for  most  of  haul.     Gravel  furnished  by 
large  screening  and  washing  plant  accounts  for  high  plant  cost. 
Only  proportionate  part  charged  for  this  plant  as  it  is  to  be  used  to 
produce  commercial  output. 
Road  1202 — Nassau  County 

(1)  Sand: 

Estimated  at  10  cts.  per  cubic  yard  in  bins $0. 10 

Haul     (by     contract)     estimated    at    40    cts.    per 

cubic  yard o .  40 

$0.50 
Gravel: 

Stiff-leg  derrick  set  up  (in  bins) $2  .  00 

Haul  (by  contract)  estimated  at  40  cts.  per  cubic  yard .     o .  40 

First  set  up  per  cubic  yard  on  road $2 .  40 

Drag  line  set  up  per  cubic  yard $1 .  20 

Haul  (by  contract)  estimated  40  cts.  per  cubic  yard.     0.40 

Second  set  up  per  cubic  yard  on  road $1 .  60 

Impoited  gravel  per  cubic  yard  scow  Long  Island  City  o .  85 

Unloading  from  scow  Long  Island  City 0.15 

Freight  Long  Island  City  to  Central  Park o .  78 

Unloading  at  Central  Park o.  10 

Haul  (by  contract)  at  20  cts.  per  cubic  yard o.  20 

Cost  per  cubic  yard  on  road $2  .  08 

Average  cost  per  cubic  yard  on  road  $1.92. 
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Cement: 

Bbl.  f.o.b.  Central  Park  estimated  by  market $1 .  20 

Haul  by  contract  per  barrel 0.06 

Handling 0.02 

Per  barrel  on  road $1.28 

(2)  Plant  estimated $12,000.00 

(3)  Water: 

Cost  of  water $1,000.00 

4  mile  2"  pipe  at  6  cts.  per  foot 1,270.00 

ioo'  2"  rubber  hose  at  50  cts 50.00 

400'  1"  rubber  hose  at  15  cts 60.00 

1  pump,  boiler,  etc 1,0*00.00 

$3,380.00 

(4)  Manipulation: 

Includes  all  work,  sprinkling,  covering  and  uncover- 
ing; in  place  complete  per  cubic  yard $0. 64 

(5)  Forms: 

Setting  and  taking  up  per  lineal  foot  of  road o .  04 

(6)  Trimming: 

Per  lineal  foot  of  road o .  075 

Expansion  joints  at  40  cts.  apiece  every  30'. 

COST  DATA 

Name  of  Road,  Little  Valley-Cattaraugus,  Part  1,  Cattaraugus 

County 

T        .,  -if  SQoo  lineal  feet  16'.  \ 

Length,  5.35  miles.  I ^  Hneal  feet  ^j 

-,  .  .  /      6"  and  8"  =  Av.  7".     \ 

Thickness,  ^„  and  fl  =  Ay  6^„  J 

2.575  miles  completed. 
Width,  16  and  14.     Proportions  of  mix.  1:  ij^  :  3. 
Total  cubic  yard  8280 — This  cost  covers  4165  cu.  yd. 

1.  Labor,  exclusive  of  water  supply,  including  supervision  $0,423 

2.  Plant  forms  and  tools  66.2  +  15.8  cts.  for  coal o.  820 

3.  Expansion  joint  material °-°45 

4.  Water  supply,  including  labor 0.030 

5.  Cement,  placed  on  roadside  ready  for  mixer 1 .  984 

6.  Sand,  placed  on  roadside  ready  for  mixer 0.522 

7.  Stone,  placed  on  roadside  ready  for  mixer 1 .  505 

8.  Reinforcement,  if  any , 0000 

Total  cost  per  cubic  yard :  .   $5 .  324 

Contractor's  bid  price 6 .  30 

Labor,  rate  per  hour,  18^  cts.;  teams,  rate  per  hour,  none  used; 
Hours  in  day  worked,  10. 

Remarks:     Industrial  railway  plant  delivering  sand,  stone,  and 
cement  into  hopper  of  concrete  mixer,  clam-shell  unloader  used  to 
take   material   off   cars.     Material   delivered   alongside   mixer   in 
buckets  proportioned  for  one-batch  size. 
For  plant  layout  see  illustration. 
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Concrete  Pavement  Work. — Geneva-Dresden  Road,  New  York 
State,  season  of  1925.  Length  5.27  miles.  18'  width  of  pavement 
aid  in  two  9'  strips.  9,900  cu.  yd.  of  concrete  placed  from  July  1  to 
Sept.  2,  50  working  days.  Average  output  per  day,  200  cu.  yd. 
Average  length  of  haul,  switch  to  mixer,  1.5  miles. 
Concrete  Organization  at  Mixer: 

Rex  mixer  (6-bag  batch),  $7000  initial  cost. 

1  operator  at  75  cts.  per  hour $     7-5° 

2  derrick  men  at  40  cts 8 .  00 

1  foreman  at  $1 IO-°° 

1  oiling  forms  at  40  cts . 4- 00 

2  placing  reinforcement  and  joint  at  40  cts.         8 .  00 

4  men  placing  concrete  at  45  cts 18. 00 

2  men  on  screeds  at  45  cts 9  •  °° 

3  finishers x9-5° 

5  men  setting  forms  at  40  cts 20. 00 

Total  labor _ $104.00 

20  gal.  of  gasoline  for  mixer  ± 5  ■  °° 

Oil  for  mixture,  (approximately) 1  ■  00 

Total  per  day fIIO-°° 

Cost  per  cubic  yard $     °-  55 

Exclusive  of  overhead  and  equipment  charge. 
This  cost  does  not  include  cover  and  curing. 
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Concrete  Pavement  Cost. — Road  1639,  New  York  State,  season 
of  1922.  3.25  miles  laid.  Average  daily  output  105  cu.  yd.  2- 
bag  batch  mixer.  Concrete  pavement  16'  wide  laid  full  width  in 
one  operation.     6"  uniform  thickness. 

Organization  at  Mixer: 

10-hr.  Day 

1  operator $  9 .  00 

1  foreman 5 .  00 

1  man  tending  skip 4. 50 

1  man  oiling  forms,  etc 4. 50 

3  men  placing  concrete  and  steel 18.00 

2  men  on  screeds,  roller  and  belt 10.00 

1  finisher 7 .  00 

Forms: 

2  men  on  forms  (setting) 12. 00 

Removing  and  moving  forward 4 .  00 

Earth  Cover  and  Sprinkling: 

Daily  average 14 .  00 

Total $90 .  00 

=  $0.86  per  cu.  yd 
Exclusive  of  overhead  and  equipment  charge. 

Brick  Cost  Data  on  Country  Roads.— The  cost  of  brick  pavement: 
on  country  roads  differs  somewhat  from  similar  work  on  city  streets 
There  are  not  many  data  available  for  this  class  of  work,  bu 
through  the  courtesy  of  William  C.  Perkins,  First  Assistan 
Engineer,  New  York  State  Department  of  Highways,  the  author  i: 
able  to  give  some  unusually  reliable  data  obtained  from  15  miles  o 
brick  paving  averaging  14'  wide,  built  near  Buffalo,  N.  Y.,  ii 
1910.  Mr.  Perkins'  method  of  estimating,  as  given  on  page  12 14 
assumes  that  20%  profit  on  both  materials  and  labor  will  tak< 
care  of  the  plant  and  pay-roll  charges  and  give  a  reasonable  profit 
The  method  of  estimating  is  different  from  that  given  on  macadan 
roads.     His  results  are  good. 

Excavation. — Where  brick  pavement  is  built  on  an  ordinary 
unimproved  country  road,  the  excavation  is  of  the  same  class  anc 
will  cost  the  same  as  given  for  macadam  roads. 

Where  pavements  are  built  over  macadam  roads  and  the  old  sur 
face  must  be  cut  into  2  or  3"  and  reshaped,  the  excavation  is  mucl 
more  expensive.  For  this  class  of  work  see  page  12 18  (scarify  in< 
and  reshaping). 

Labor  Manipulation  for  Different  Items  of  Brick  Pavement  Lai< 
during  191  o,  in  the  Buffalo  Residency. — These  items  figured  fron 
force  accounts  kept  by  the  different  engineers  in  charge  of  roads 

Labor  averaged  17.5  cts.  per  hour. 

Concrete  Base,  5"  thick  (exclusive  of  edging). 

Machine  mixing,  laying  same  in  place,  including  labor  of  tamp 
ing,  etc. 


BRICK  PAVEMENTS  1 21 1 

Road  2-R,  Buffalo-Hamburg $0.0853  Per  SQ-  yd- 

Road  128,  Buffalo- Aurora 0.0991  per  sq.  yd.      (gravel 

concrete) 

Road  863,  Blasdell  Village o.  1228  per  sq.  yd. 

Road    87,  Main  Street,  Sec.  2 o.  1129  per  sq.  yd.  (3"  base) 

Road  862,  Hamburg  Village 0.0655  per  sq.  yd.    (28'  and 

30'  wide) 

The  excessive  cost  on  Blasdell  Village  due  to  a  poor  concrete 
nixer  (gasoline)  which  was  constantly  breaking  down. 

On  Main  Street,  Sec.  2,  poor  organization  and  too  high  priced 
-nen;  also,  lack  of  water,  causing  delays. 

On  Hamburg  Village  low  price  due  to  width  of  base  28'  and  30', 
illowing  work  to  progress  faster. 

On  Road  69,  Main  Street,  Sec.  1,  edging  and  base  were  laid  in 
me  operation;  gasoline  mixer;  plenty  of  water;  cement,  $1.12; 
;and  $1.40;  labor,  $1.90  per  day;  stone,  $1.12  per  cubic  yard; 
Dase  3"  thick;  8"  edgings;  cost  in  place,  including  edging  $4,696 
3er  cu.  yd.,  or  50.6  cts.  per  square  yard,  or  88.6  cts.  per  lineal  foot 
)f  road. 

Assumption. — If  9  cts.  per  square  yard  is  assumed  as  an  average 
:ost  for  1 6'  road  (exclusive  of  edging)  the  manipulation  would  be 
34.8  cts.  per  cubic  yard. 

If  6.55  cts.  per  square  yard  is  assumed  for  street  work  (Hamburg 
Village),  the  manipulation  would  be  47.2  cts.  per  cubic  yard. 

Concrete  Edging.     8"  thick. 

Hand  mixed;  placing  same,  including  erecting  of  forms,  and 
emoving  same;  tamping,  placing  steel,  and  all  labor  necessary. 

Road  2-R,  Buffalo-Hamburg,  $0.0730  per  lineal  foot  of  edging. 

o .  082 1  per  square  yard  of  pavement 
(road  1 6'  wide). 

Road  128,  Buffalo- Aurora. . .       0.0555  Per  lineal  foot  of  5//edging. 

0.0713  per  square  yard  pavement 
(road  14'  wide). 
Road  863,  Blasdell  Village. . .     0.0826  per  lineal  foot  edging. 

0.0929  per  square  yard  pavement 
(road  1 6'  wide). 
Road  87,  Main  Street,  Sec.  2     0,0748  per  lineal  foot  edging. 

0.0842  per  square   yard   pavement 
(road  1 6'  wide). 

Concrete  Curb. — On  Road  862,  Hamburg  Village,  concrete  curb 
5"  top,  10"  bottom,  15"  deep;  hand  mixed,  exposed  curbing,  all 
ncluding  erection  and  removal  of  forms,  12.94  cts.  per  lineal  foot. 

Assumption. — If  it  is  assumed  that  8.2  cts.  per  square  yard  of 
saving  is  the  cost  of  edging  and  9  cts.  per  square  yard  cost  of  base, 
:he  total  cost  per  square  yard,  16'  road  (including  edging)  would  be 
[7.2  cts.  per  square  yard,  or  the  manipulation  would  be  $1,238 
3er  cubic  yard. 

If  $0,073  Per  linear  foot  of  8"  edging  10^ "  deep  is  assumed,  the 
manipulation  would  be  $3,379  per  cubic  yard  of  the  edging  in 
Dlace.  (This  high  cost  due  to  forms,  etc.,  and  the  small  amount  of 
xmcrete  per  linear  foot.) 
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Sand  Cushion. — Spreading  sand,  rolling,  and  making  bed  ready 
for  work. 

Road  2-R,  Buffalo-Hamburg,  $0.0102  per  square  yard 
Road  128,  Buffalo- Aurora,  0.0082  per  square  yard 

Road  863,  Blasdell  Village,  0.0187  per  square  yard 
Road  87,  Main  St.,  Sec.  2,  0.0151  per  square  yard 
Road  862,  Hamburg  Village,      0.0160  per  square  yard  (28'  and  30' 

wide) 

On  Main  Street,  Sec.  1,  Road  69;  sand,  $1.40;  labor,  $1.90;  cost 
per  square  yard  2"  thick,  8.38  cts.,  including  material. 

Assumption. — From  the  above  I  would  assume  1.3  cts.  per  square 
yard  as  cost  of  preparing  sand  cushion. 

Brick  Pavement. — Laying  brick,  including  all  labor  of  handling 
from  the  piles,  removing  all  culls,  and  the  rolling  of  the  brick. 

Road  2-R,  Buffalo-Hamburg,  $0.0611  per  sq.  yd. 

Road  128,  Buffalo- Aurora,  0.0544  per  sq.  yd. 

Road  863,  Blasdell  Village,         0.0969  per  sq.  yd. 

Road    87,  Main  St.,  Sec.  2,        0.0965  per  sq.  yd. 

Road  862,  Hamburg  Village,      0.0700  per  sq.  yd.     (28'    and    30' 

Road    69,  Main  St.,  Sec.  1,       0.0983  per  sq.  yd.  wide) 

Assumption. — I  consider  Blasdell  and  Main  Street,  Sec.  1  and 
Sec.  2,  too  high  and  the  engineer  claims  that  the  force  was  cut 
up  and  wasted  time. 

I  would  assume  7  cts.  per  square  yard  as  cost  of  laying  brick,  etc. 

Grouting. — Necessary  grouting  to  obtain  flush  joints,  scoop 
method,  including  the  placing  of  the  protecting  sand  covering. 

Road  2-R,  Buffalo-Hamburg,  $0.0219  Per  SQ-  yd- 
Road  128,  Buffalo-Aurora,  0.02 11  per  sq.  yd. 

Road  863,  Blasdell  Village,  0.0322  per  sq.  yd. 
Road  87,  Main  St.,  Sec.  2,  0.0321  per  sq.  yd. 
Road  69,  Main  St.,  Sec.  1,  0.0285  per  sq.  yd. 
Road  862,  Hamburg  Village,      0.0273  per  sq.  yd.     (28'    and    30' 

wide) 

On  Main  St.,  Sec.  1,  Road  69;  sand,  $1.40;  cement,  $1.12; 
labor,  $1.90;  actual  cost  8.48  cts.  per  square  yard,  including 
materials. 

Assumption. — From  the  above  I  would  assume  2.8  cts.  per  square 
yard,  as  the  cost  of  applying  grout. 

Expansion  Joints. — Removing  strips,  cleaning  joints,  and  pour- 
ing tar. 

Road  2-R,  Buffalo-Hamburg,  $0.0067  Per  linear  foot  of  joint. 

0.0076  per  square  yard  pavement 
(road  1 6'  wade). 
Road  128,  Buffalo-Aurora,        $0.0057  per  linear  foot  of  joint. 

0.0073  per  square  yard  pavement 
(road  14'  wide). 
Road  863,  Blasdell  Village,       $0.0115  per  linear  foot  of  joint. 

0.0129  per  square  yard  pavement 
(road  16'  wide). 
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On  Main  Street,  Sec.   1,  Road  69,  the  expansion  joints  cost 

96  cts.  per  linear  foot,  or  3.3  cts.  per  square  yard  (road  16'  wide), 
ncluding  material,  labor,  etc. 

Assumption. — From  the  above  I  would  assume  0.75  ct.  per 
quare  yard  as  the  cost  of  expansion  joints. 

Unloading. — Data  for  unloading  not  reliable. 
Joad  2-R  Buffalo-Hamburg,  1.4  cts.  per  square  yard. 

^.oad  863,  Hamburg  Village,  Contract  taken  for  $1.50  per   1000 

brick;  unloaded,  haul  ^  mile,  and 
pile;  this  would  be  6  cts.  per  square 
yard. 

3.oad  69,  Main  St.,  Sec.  1. . .   1.9  cts.  per  square  yard. 

Assumption. — I  would  assume  2.8  cts.  square  yard  as  on  and  off. 
Hauling. — No  reliable  data. 

If  600  brick  per  load,  $5  per  day  for  teams,  10  loads  per  day,  are 
dlowed  haul  1  mile  costs  3.4  cts.  per  square  yard. 
Summary,  Labor  Cost  of  Brick  Pavement. 

Manipulation  of  Concrete 

Pavement  16'  wide;  edging  8"  X  io^i"- 

1  Concrete  base $0.09  per  sq.  yd. .  $0,648  per  cu.  yd. 

Concrete  edge 0.082  per  sq.  yd.     3.378  per  cu.  yd. 

Concrete  base  and  edging  $0. 172  per  sq.  yd.     1 .  238  per  cu.  yd 

Brick  Work  Labor 

Preparing  sand  cushion. $0.0130  per  sq.  yd 

Laying  brick 0.0700  per  sq.  yd 

Grouting 0.0280  per  sq.  yd 

Expansion  joints 0.0075  per  sq.  yd 

On  and  off o .  0280  per  sq.  yd 

Haul  one  mile o .  0340  per  sq.  yd 

Cost  of  labor $0. 1805  per  sq.  yd 

Useful  Data  for  Brick  Roads.  - 

E  X  10^"  edging  per  linear  foot  of  edging..  .  .  0.016203  cu.  yd. 
I  X  10^"  edging  per  linear  foot  of  edging.  .  .  .  0.021605  cu-  yd. 
I  X  1 6'  concrete  foundation  per  linear  foot 

16'  road o.  24691    cu.  yd. 

I  sand  cushion  loose  per  square  yard 0.0555      cu.  yd. 

r  barrel  of  cement  will  grout  36  square  yards  of  pavement, 
barrel  of  paving  pitch  will  fill  130  linear  feet  of  joints  1"  wide. 

Amount  of  Grout  Required  for  Stone  Block  Paving. — For  blocks 
similar  to  Medina  sandstone  blocks  running  about  26  to  the  square 
yard,  Gillette  states  that  0.6  cu.  ft.  of  joint  filler  is  required  per 
square  yard  of  pavement  with  joints  averaging  %"  wide.  Second 
quality  blocks  with  wider  joints  require  proportionally  more. 

1  Recent  cost  data  indicates  that  35  cts.  per  cubic  yard  is  ample. 
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Amount  of  Grout  Required  for  Some  Block  Paving. — For  block 
similar  to  Medina  sandstone  blocks,  running  about  26  to  the  sq.  yd 
Gillette  states  that  0.6  cu.  ft.  of  joint  filler  is  required  per  sq.  yc 
of  pavement  with  joints  averaging  J^"  wide.  Second  qualit 
blocks  with  wider  joints  require  proportionally  more. 

STANDARD   ESTIMATE,   BRICK   SURFACING,   EXCLUSIV: 
OF  FOUNDATION 

Materials. 

Per  Sq.  Yc 

Cost  of  brick,  f.o.b.  unloading  point $ 

"      "  sand  for  sand  cushion,  on  job 

"     "     "      "   grout,  on  job 

"      "  cement  for  grout,  on  job 

"     "  paving  pitch  for  expansion  joints,  on  job 

Labor  and  Teaming. 

Unloading  brick  and  piling  along  road $0,035 

Hauling  brick  per  mile o .  040 

Preparing  sand  cushion o .  020 

Laying  brick o .  070 

Grouting o .  028 

Expansion  joints 0.007 

Total $  — 

Add  20%  profit — 

Estimate $  — 

SAMPLE — Standard  Estimate,  Brick  Pavement — 
Wm.  C.  Perkins 

Brick:       $22.50  per  1000  f.o.b.  cars  at  Road  siding, 
bricks  lay  40  to  the  sq.  yd. 
Labor,    $0,175  Per  hour,  10  hours. 
Sand,        1 .  00  per  cu.  yd.  on  cars  at  siding. 
Stone,       1.25  per  cu.  yd.  on  cars  at  siding. 
Cement,  1 .  30  per  bbl.  delivered  on  work. 

Sand: 

f.o.b.  cars $1 .  00 

Unloading 0.15 

Haul  1  mile  @  $0 .  30 o .  30 

Cost  cu.  yd.  sand $1 .  45 

Stone: 

f.o.b.  cars $1 .  25 

Unloading o.  15 

Haul  1  mile  @  $0.30 0.30 

Cost  cu.  yd.  stone $1 .  70 
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Concrete:     1  -  2)2  -  5. 

Use  any  standard  mixing  tables,  stone  1"  and  under,  dust 
screened  out. 

Cement,  1.19  bbl.  ...    X  $1 .30  =  $1.55 

Sand,  0.46  cu.  yd.   ...    X     1.45  =  0.67 

Stone,  0.91    "      "...    X     1 . 70  =  1.55 

*Manipulation =  o .  50 

$4-27 
20  %  profit o .  85 

Total $5.12 

The  manipulation  is  based  on  machine-mixing  and  is  for  base 
done  laid  5"  thick.  The  concrete  edging  is  estimated  separately 
ind  runs  from  $0.13  to  $0.15  per  lin.  ft. 

Material  per  Square  Yard 

Brick  f  .o.b.  cars $0 .  900 

Sand  cushion  and  cover o .  080 

Grout  (sand  and  cement) 0.042 

Material  expansion  joint 0.008 

Si. 030 

Labor  per  Square  Yard 

Unloading  and  piling So. 035 

Haul  1  mile    o .  040 

Laying  and  rolling    o  .070 

Making  sand  cushion o  .020 

Grouting o .  028 

Expansion  joints 0.007 

Culling,  replacing,  etc o  .005       o .  205 

$1-235 
20%  profit o .  247 

Total Si  ■  482 

Therefore,  standard  16'  road  is  estimated  to  cost,  per  square 
yard  (exclusive  of  edging) : 

Concrete  base $0.  711 

Brick 1.482 

Total    $2 .  193  per  sq.  yd. 

Say,  $2 .  20     per  sq.  yd. 

*Recent  cost  data  indicates  that  S0.35  is  ample  with  labor  at  $0,175  per 
hour. 
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INCIDENTAL  ITEMS 

Guard-rail  Paint 

15  lb.  white  lead  1  ,        .  , 

H  gal  oil  /  J  SaL  Paint 

25  to  30  lb.  white  lead  and  ij^  gal.  oil  to  paint  100  ft.  guard  rai 
3  coats. 

In  Report  of  1901  the  Massachusetts  Highway  Commissior 
gives  the  following  costs  for  repainting  guard  rail: 

Lineal  feet  of  guard  rail  painted 35o>33< 

Cost  of  paint  per  gallon  (freight  not  included) $  1 .  05 

Cost  of  paint  per  lineal  foot  of  guard  rail 0.008/ 

Cost  of  paint  and  painting  per  lineal  foot  of  guard  rail. . . .     o. oi6m' 

Lineal  foot  of  guard  rail  painted  per  gal 134 .4 

Number  gallons  of  paint  used  per  lineal  foot  of  guard  rail     0.007' 
Time  required  to  paint  i',  in  decimals  of  an  hour 0.026c 

Concrete  Guard  Rail. — Style  of  rail  shown  in  sketch  on  page  681 
chapter  on  Minor  Points. 

Labor,  22.5  cts.  per  hour. 

Cost  of  manufacturing  1233  lin.  ft.  of  rail  of  the  above  descrip 
tion.  Taken  from  the  Report  of  the  New  York  Highway  Com 
mission  of  19 10. 

Lumber $  32.46 $0,026  per  lin.  foot 


Steel 139 

Cement 57 

Gravel 10 

Metal  cores 77 

Labor 231 

Miscellaneous 5 


64 o.  114  per  lin.  foot 

62 o. 046  per  lin.  foot 

00 0.008  per  lin.  foot 

00 0.063  Per  nn-  foot 

83 o .  188  per  lin.  foot 

35 0.004  per  lin.  foot 


Total $553-9° $0,449 

These  data  apply  to  small  quantities;  if  manufactured  on 
large  scale  the  cost  should  be  reduced  to  about  30  cts.  per  line< 
foot. 

The  cost  of  setting  the  above  rail  varied  from  9  to  12.5  cts.  pe 
lineal  foot:  labor  22.5  cts.  per  hour.  This  does  not  include  haulin 
from  the  factory  to  the  intended  position  on  the  road. 

Guard  Rail. — In   the  following  data   the  labor  cost   alone 
given,  for  the  materials  will  vary  so  much  at  different  times  an 
places  that  any  quotations  would  be  of  little  value. 

The  style  of  rail  erected  is  similar  to  sketch,  page  676.  Roa 
715,  9760  lin.  ft.  were  built  at  the  following  cost,  according  t 
S.  O.  Steere,  engineer  in  charge:  Post-hole  auger  diggers  an 
ordinary  shovels  were  used;  the  holes  were  dug  in  medium  har 
clay;  labor  at  20  cts.  per  hour,  foreman  $3  per  day;  unskilled  labc  I 
used  in  painting  fence. 

Digging  post  holes,  setting  posts,  nailing  on  rails  (erecting  fenc  i 
complete) : 

Cost $0. 0428  per  lineal  foot 

Painting  three  coats o .  0094  per  lineal  foot 

Total  for  erecting  and  painting  $0.0522  per  lineal  foot 
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Road  5046,  W.   G.  Harger,  as  engineer.     2448  lin.  ft.     Built 
>y  subcontractor,  Max  Wefler. 

Eorce:   Max   Weller  acted  as  foreman.     In  these  data  he  has 

>een  arbitrarily  allowed  salary  of  $4  per  day $4. 00 

1  helper 2 .  50 

1  helper 2 .  00 

1  helper 1 .  75 

Cost  of  erecting  and  painting  complete,  per  lineal  foot  6.6  cts. 

Concrete  Shoulders  and  Slope  Protection  1920 
Road  1 3  93 A,  Scottsville-rush 

Concrete  shoulders  12"  thick. 
1:2^:5  mix  (i-bag  batch). 
2  strips  of  concrete  3'  wide  and  6'  wide. 
H  cu.  yd.  per  lineal  foot. 

men  placing  and  finishing  at     $5 .  50 $  33 .  00 

boom 5.00 5 .50 

drum 5.50 5.50 

engineer 8.00 8.00 

fireman 5-5° 5-5° 

hopper 6 .  00 6 .  00 

cement 6.00 12.00 

sand  (wheelers  and  shovelers)     5. 50 n  .00 

stone  (wheelers  and  shovelers)     5 .  50 33  •  00 

forms 5 .50 11.00 

grading 5.50 11.00 

foreman 8.00 8.00 


Labor  total  $149.50 
nterest,  depreciation,  and  repairs  on  mixer  allow  20.00 


Total     $170.00 

80  cu.  yd.  placed  on  an  average. 

Cost  per  cubic  yard  for  labor  of  placing  $2.10. 

Cobble  Gutter. — Road  5046,  W.  G.  Harger,  engineer. 

Labor,  17.5  cts.  per  hour.     Foreman,  $3.50  per  day. 

Cobbles  averaged  6"  in  size;  no  sand  cushion  required,  as  gutter 
ras  built  in  a  sand  cut.  Gutter  was  laid  by  ordinary  laborers 
sing  paver's  tools;  tamped  with  a  paving  rammer,  and  the  top 
oids  rilled  with  No.  2  stone  crushed  on  the  job. 

430  sq.  yd.  were  laid  at  the  following  cost  per  square  yard: 

Gobbles,  free $0,000 

roading  Y§  cu.  yd.  of  cobbles o. 030 

lauling  y§  cu.  yd.  of  cobbles  ^  mile o .  024 

.aying  and  tamping o .  080 

'iller. — Cost  of  0.05  cu.  yd.  No.  2  stone  at  crusher  bin, 

approximately o .  030 

lauling  0.05  cu.  yd.  1  mile 0.015 

preading  and  brooming,  0.05  per  cu.  yd.  No.  2  stone 0.010 

Total $0 .  189 
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PAVEMENT    MAINTENANCE    AND    REPAIR    COST    DATA 
Cost  Data  on  Reshaping  Road 

Work  was  done  on  Main  Street  Road  69,  Erie  County,  N.  Y., 
between  July  15  and  Sept.  13,  1907. 

The  road  had  been  built  as  a  water-bound  macadam.  It  was 
worn  out,  particularly  in  the  center.  There  were  few  ruts,  but  the 
road  was  nearly  level;  in  some  stretches  the  center  was  lower  than 
the  sides.  It  was  proposed  to  reshape  the  road  and  to  lay  a  new 
top  course  treated  with  tarvia. 

The  work  of  reshaping  was  done  by  loosening  the  old  surface  with 
spiked  wheels  of  roller;  this  separated  the  crust  into  chunks  of 
various  sizes  which  were  broken  up  by  men  with  picks.  The  stone 
was  then  raked  from  the  sides  to  the  center,  brought  to  the  required 
crown,  and  rolled  ready  for  the  new  course  of  stone. 

The  cost  of  the  complete  operation  included  the  number  of  men 
picking  and  the  rollerman's  salary. 

Labor $0. 175  per  hour 

Rollerman o .  300  per  hour 

The  roller  was  rented  at  a  fiat  rate  of  $5  per  day,  and  a  portion 
of  the  time  it  was  used  on  other  parts  of  the  work.  This  cost  plus 
the  coal  and  oil  is  not  included. 

The  data  were  compiled  daily,  and  as  the  work  was  performed 
practically  every  working  day  between  the  dates  named  an  average 
of  the  square  yard  price  should  be  nearly  correct.  The  highest 
cost  on  any  one  day  was  6  cts.  per  square  yard,  the  lowest  cost  1.6 
cts.  and  the  general  average  3  cits,  per  square  yard. 

Through  the  courtesy  of  Halbert  P.  Gillette,1  author  of  "Hand- 
book of  Cost  Data,"  the  following  is  published: 

Cost  of  Resurfacing  Old  Limestone  Macadam. — "In  Engitieer-i 
ing  News,  June  6,  1901,  I  gave  the  following  data  to  show  that  the 
intermittent  method  of  repairing  macadam  is  the  most  economic. 
The  data  were  taken  from  my  timebooks  and  can  be  relied  upon  as 
being  well  within  the  probable  cost  of  similar  work  done  by  contract 
under  a  good  foreman.  It  will  be  noted  that  the  cost  of  operating  J 
the  roller  is  estimated  at  $10  per  day.  This  includes  interest  and} 
depreciation  as  well  as  fuel  and  engineman's  wages. 

"The  road  was  worn  unevenly,  but  as  it  still  had  sufficient  metal 
left,  very  little  new  metal  was  added. 

"The  roller  used  was  a  12-ton  Buffalo  Pitts,  provided  with  steel 

picks  on  the  rear  wheels.     It  required  80  hours  of  rolling  with  the 

picks  in  to  break  up  the  crust  of  a  surface  19,400  sq.  yd.  in  area, 

240  sq.  yd.  being  loosened  per  hour.     The  crust  was  exceedingly 

hard,  and,  at  times,  the  picks  rode  the  surface  without  sinking  in, 

so  that  a  lighter  roller  would  probably  have  been  far  less  efficient. 

In  fact,  a  10-ton  roller  had  been  used  a  few  years  previous  for  the 

same  purpose  at  more  than  double  the  expense  per  square  yard, 

I  am  told.     The  picks  simply  open  up  cracks  in  the  crust  to  a  depth 

1  Gillette's  Handbook  of  Cost  Data,  Myron  C.  Clark  Publishing  Company, 
edition  of  1907,  page  147.  Pages  288  and  289,  edition  of  1910,  in  slightly  differ- 
ent form. 
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of  about  4",  and  it  is  necessary  to  follow  the  roller  with  a  gang  of 
laborers  using  hand  picks  to  complete  the  loosening  process.  The 
labor  of  loosening  and  spreading  anew  the  metal  was  1.880  man 
hours,  or  a  trifle  more  than  10  sq.  yd.,  per  man  hour.  About  60  %  of 
this  time  was  spent  in  picking  and  40%  in  respreading  with  shovels 
md  potato  hooks. 

"After  the  material  had  been  respread,  the  short  section  was 
drenched  with  a  sprinkling  cart,  water  being  put  on  in  such  abun- 
dance that  when  the  roller  came  upon  the  metal  the  screenings  which 
had  settled  at  the  bottom  in  the  spreading  process  were  floated  up 
into  the  interstices.  The  roller  and  sprinkling  cart  were  engaged 
only  6$  hrs.  in  this  process,  300  sq.  yd.  being  rolled  per  hour;  an 
exceptionally  fast  rate.  The  rapidity  of  rolling  was  due  to  four 
factors:  (1)  the  great  abundance  of  water  used,  the  water  being  a 
very  short  haul;  (2)  the  unyielding  foundation  (telford)  beneath; 
(3)  the  abundance  of  screenings  and  fine  dust,  the  road  not  having 
been  swept  for  some  time;  (4)  the  great  weight  of  the  roller,  which 
was  run  at  a  high  rate  of  speed.  I  am  not  prepared  to  say  that 
onger  rolling  would  not  have  secured  a  harder  surface,  but  I  doubt 
very  much  whether  it  would.  The  metal,  I  should  add,  was  hard 
imestone.  Summing  up,  we  have  the  cost  of  resurfacing  the  road 
Der  square  yard  to  have  been  as  follows: 

Cents  per 
Square  Yard 

Picking  with  roller  at  $1  per  hour o .  40 

Picking  by  hand  labor  at  20  cts.  per  hour 1 .  20 

Respreading  by  hand  labor  at  20  cts.  per  hour. .  .  o.  80 

Rolling  with  roller  at  $1  per  hour o. 33 

Sprinkling  with  cart  at  40  cts.  per  hour o.  13 

Foreman,  143  hours  at  30  cts.  for  19,400  sq.  yd.  .  0.44 

Total 330 

"At  this  rate  a  macadam  road  16'  wide  can  be  resurfaced  for  a 
ittle  more  than  $300  per  mile.  The  frequency  with  which  such 
resurfacing  is  necessary  will,  of  course,  depend  upon  several  factors, 
;hief  of  which  are  the  amount  of  traffic  and  the  quality  of  the  road 
metal.  I  should  say  that  5  years  would  not  be  far  from  the  average 
:or  a  country  road  built  of  hard  limestone.  Unless  the  road  has 
nad  an  excess  of  metal  used  in  its  construction,  new  metal  should  be 
idded  at  the  time  of  resurfacing  to  replace  that  worn  out. 

"I  am  unable  to  see  how  any  system  of  continuous  repair  with  its 
Duttering  work  here  and  there  can  be  as  economical  as  work  done 
n  the  manner  above  described.  I  would  not  be  understood,  how- 
ever, as  favoring  an  entire  neglect  of  the  road  between  repair 
periods.  At  times  of  heavy  rains  and  snows,  ditches  and  culverts 
leed  attention  and  there  should  be  some  one  whose  duty  it  is  to  look 
ifter  such  matters.  What  I  do  question  is  the  economy  of  having 
1  man  continuously  at  work  putting  in  patches  upon  the  road." 

Recapping. — The  cost  of  recapping  with  any  style  of  macadam 
s  practically  the  same  as  original  construction  for  that  style  of  work 
except  the  item  of  scarifying  and  reshaping  the  old  road. 
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It  will  be  noted  in  the  following  table  that  the  tendency  of  surface 
oiling  practice  is  to  each  year  reduce  the  amount  of  oil  and  covei 
used.  This  is  in  line  with  the  data  set  forth  in  the  chapter  or 
Maintenance. 

Hot-tar  Flush  Coats. — The  cost  of  applying  hot-tar  flush  coats  bj 
hand  is  practically  the  same  as  given  for  applying  bituminous- 
binder  penetration  method.     See  page  1169. 

The  cost  of  machine  application  is  given  on  page  n  70. 

Calcium  Chloride. — The  cost  of  applying  calcium  chloride  as  1 
temporary  dust  layer  on  ten  miles  of  road  in  Monroe  County,  Nev 
York,  as  given  by  Frank  Bristow,  First  Assistant  Engineer,  Ne\i 
York  State  Department  of  Highways,  is  as  follows: 

The  material  was  applied  by  an  ordinary  agricultural  drill.  Thi 
force  used  was,  1  horse  and  driver,  30  cts.  per  hour;  1  helper,  20  cts 
per  hour.  No  preliminary  work  of  sweeping  was  done;  the  materia 
was  spread  on  the  middle  12'  of  macadam,  using  approximately  0.7. 
lb.  to  the  square  yard,  the  average  speed  being  0.5  miles,  or  350c 
sq.  yd.,  per  day,  at  a  cost  of  0.15  cts.  per  sq.  yd. 

Cost  of  calcium  chloride  at  plant $13 .00  net  ton 

Freight 1 .  60  per  ton 

Unloading  from  cars,  approximately. . .  0.15  per  ton 

Hauling  3  miles,  approximately 0.90  per  ton 


Total,  delivered  on  road $15 .  65      per  ton 

Total  per  square  yard  delivered  on  road       o .  0059 
Labor  of  spreading 0.0015 


Total  per  square  yard  in  place . .   $  o .  0074 
Total  per  mile  12'  wide,  approximately $52.00 

Cost  of  Applying  Calcium  Chloride 

Road  5507  Scottsville — Canawagus.     Season  191 5.  W.  G.  Hargei 

engineer  in  charge. 

15  tons  were  applied  at  the  rate  of  1%  lb.  per  square  yard  on  a  it 
road  for  $22  or  at  the  rate  of  $1.50  per  ton. 

Force   used:  1    team   hauling   agricultural   plaster    spreader, 
laborers  helping  driver.     Calcium  chloride  in  metal  drums  had  beei 
previously  distributed  along  the  road. 

Wages:  Team,  $5  per  day;  laborers,  $2  per  day 

MAINTENANCE  AND  REPAIR  COSTS 

Cold  Oiling. — The  following  data  is  furnished  by  Mr.  Fran] 
Bristow,  Supt.  of  Repairs,  Division  No.  5,  New  York  State  Depart 
ment  of  Highways.  The  work  was  done  in  19 10.  Labor  average* 
$0.20  per  hour;  teams,  $0.50  per  hour. 

Oiling.  Actual  Cost  Data. — No.  6  stock  or  65  %  asphaltic  bas 
oils  applied  cold  by  Studebaker  Oiler  upon  macadam  road  whid 


OILING 
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ad  been  swept  by  horse  sweeper,  oil  being  broomed  by  hand  where 
ecessary  and  then  covered  by  a  thin  coat  of  dustless  screenings, 
r  gravel,  spread  by  hand. 
The  labor  costs  include  pumping  oil  from  the  car  tank,  hauling 
ime  to  road,  applying  same,  sweeping  road  and  spreading  screen- 
lgs;  also,  demurrage  on  cars  and  moving  tools  and  repairs,  but 
ot  cost  of  the  plant 

Table  221 


Average  cost  of 

Average 
Quantities  of 

Average  Cost 

materials 

Materials  Used 

< 

3 
0 
0 

O   M 

tfl 

(DT3 
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13  to 
O.S 

a35 

•  T3 

U  0 
1-  0 

£3 
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0    . 
i—l 

otal  Labor 
id  Material 
er  Sq,  Yd, 

K 

0 

UT3 

,    p. 

O  a 

H5  a 

7 

>• 

2.48 

$0.0435 

$1.82 

0.42 

0.016 

$0,013 

$0,057 

4 

2.24 

0.0425 

1-57 

0.43 

0.016 

0.014 

0.057 

£rie 

T2 

3 

2.00 
4-43 

0.0437 
0.0455 

1.88 
1.83 

0.34 
0.42 

0.012 
0.015 

0.007 
0.019 

0.045 
0.066 

Zrie 

Other  information  would  show  that  cost  per  mile  to  sweep  average 
>ad  is  $8.33;  cost  per  gallon  applying  oil  0.75  cts.;  cost  all  labor 
veeping,  hauling,  applying  oil  and  cover  about  25  cts.  per  gallon 
sed. 


able    2  2 1 A . — Division 


7   New  York  State  Department  of 
Highways. 


H.  G.  Hotchkiss,  Superintendent  of  Maintenance 
Cost  data  for  oiling,  surface  treatment  191 5 


No. 

Kind 

Gals. 

No.  Tons 

Total  Cost 

Total  Av. 

Cost  per 

Miles 

Sq.  Yds. 

Bit.   Mat. 

per 

of  Cover 

per 

Cost  per 

Mile  16' 

Sq.  Yd. 

per  Mile 

Sq.  Yd. 

Sq.  Yd. 

Surface 

20.54 

158144 

CO. 

0.25 

62 

0.0344 

| 

23-63 

188208 

CO. 

0.25 

41 

0.0250 

17-75 
19.94 

146734 
172775 

CO. 
CO. 

0.24 
0.19 

37 
43 

0.0237 
0.0189 

|  0.026 

244.06 

21.47 

200995 

CO. 

0.19 

59 

0.0264 

16.22 

199925 

CO. 

0.28 

74 

0.0287 

22.51 

188601 

L.  C  0. 

0.20 

31 

0.0195 

J  0.0183 

171.78 

41.09 

382330 

L.  C.  0. 

0.20 

27 

0.0177 

15-44 
13.42 

126657 
126056 

H.  C  T. 
H.  C  T. 

0.25 
0.25 

40 
40 

0.0323 
0.0337 

j  0.0330 

309.77 

17.19 

143846 

L.  C  T. 

0.25 

47 

0.0319 

0.0319 

299-45 
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Table    221.B. — Division   7   New  York  State  Department  of 

Highways 
Cost  data  repainting  and  rebuilding  guard  rail  19 14 


No.  Lin.  Ft. 
Painted  One  Coat 

Cost 
per  Lin.  Ft. 

No.  Lin.  Ft. 
Painted  Two  Coats 

Cost 
per  Lin.  Ft. 

15325 
79925 
17486 
42027 

$0.0212 
0.0233 
0.0251 
0.0264 

26428 

8433 
12824 
13160 

$0.0425 
O.0360 
O.0352 
O.0442 

Rebuilding  Wooden 
Guard  Rail 

Rebuilding  Concrete 
Guard  Rail 

No.  Lin.  Ft. 

Cost  per  Ft. 

No.  Lin.  Ft.              Cost  per  Ft. 

160 

554 
360 
272 

O.  219 
O.  189 

0.  200 
0.  141 

IOO 
335 

$0 . 896 
O.764 

SURFACE  TREATMENTS                       I 
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1226  COST  DATA 


CULVERT  AND  BRIDGE  COST  DATA 

Culverts 

The  following  data  will  help  in  estimating  the  cost  of  small  con- 
crete jobs,  such  as  culverts,  walls,  etc.  This  data  was  collected  by 
Mr.  E.  E.  Kidder  during  the  season  of  1908. 

Cost  Data  Small  Culverts 

Per  Cu.  Yd. 

Forms  (labor)    $0.58 

Lumber 0.50 

T^abor,  mixing,  and  placing 1 .  18 

xForeman 0.20 

1Broken  stone,  at  crusher 0.90 

hauling  stone,  one  mile o .  30 

Sand  at  pit  at  65  cts.  per  cu.  yd 0.32 

Hauling  sand  six  miles o.  75 

xTaking  down  forms    o.  10 

Cement  at  culverts 2 .  00 


Total 


•83 


Labor,  $0.15  per  hour. 
Concrete,  hand-mixed. 

200  cu.  yd.,  placed  in  small  culverts,  averaging  12  to  15  cu 
yd.  each. 

Note. — The  labor  of  placing  the  concrete  is  customarily  sublet  t 
masons  for  $2.00  per  cu.  yd. 

Small  Culverts 

Java  Center  Road.     George  A.  Wellman,  Engineer. 

One  hundred  and  sixty-one  cu.  yd.  of  concrete  in  culvert: 
averaging  12  to  20  cu.  yd.  each. 

Boulders  were  embedded  in  the  third-class  concrete.  Wate 
only  had  to  be  hauled  for  30  cu.  yd.  of  concrete. 


Item 


Total 
Quality- 
Cement  138    bbl. 

JSand 60  cu.  yd. 

Crushed  stone  130  "      " 

Lumber 3M 30.00. 


Materials 

Unit 

Cost 

$1.12. 

I  .OO. 

i-55- 


Total 
Cost 

>i54-56 
60.  oc 

201 .50 
90.00 


Amt.  per  Cu.  Yd 
of  concrete 

Material  Cost 
0.86  bbl.  $0.91 
0.37  cu.  yd.  0.3 
0.80  "  "  1.2. 
0.5 


Total $3.1 

Costs  are  f.o.b.  unloading  point;  teaming  of  material  include< 
in  the  labor  cost  given  below,  except  for  sand,  which  cost  $i.o< 
delivered  on  the  job.     Concrete  mixed  and  placed  by  hand. 

1  Items  accurate;  other  items  approximately  correct. 
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Cost  of  Labor  and  Teaming 

Per  Cu. 
Item  Total      Yd.  of  Con- 


Foreman $93 .  00 . 

Labor,  unloading  stone  from  cars 20.00. 

Mixing,  placing  concrete,  and  removing  forms  204.00. 

Carpenters,  building  forms 75  .00. 

Teaming 182.00. 


Crete 

5o.58 
O.  12 
I  .  27 
O.47 
I     13 


Total  Labor $3  .  57 

Total  Material 3.13 


Total $6 .  70 

Labor $0,175  Per  hour 

Teams 0.50      "       " 

Carpenters 0.25      "       " 

breman 0.30      "       " 


F 


Small  Span  Concrete  Arch. — The  following  information  of 
cost  of  19-ft.  span  concrete  arch  was  given  by  Mr.  Charles  M. 
Edwards,  First  Assistant  Engineer,  New  York  State  Depart- 
ment of  Highways.  Arch  was  built  at  Pembroke,  N.  Y.,  by 
a  contractor  who  was  crushing  stone  at  a  quarry  about  one-half 
mile  from  the  work.  Cement  was  hauled  three-quarters  of  a 
mile.  For  the  concrete  a  mixture  of  one  part  Portland  cement, 
two  parts  sand,  and  four  parts  stone  was  used.  The  old  masonry 
abutments  and  wings  were  left  in  place  and  faced  with  8  inches 
of  concrete  held  by  dowels.  The  quantities  were:  Concrete,  120 
cu.  yd.;  steel  bars,  4500  lb.;  pipe  railing,  200  lin.  feet.  The 
cost  of  the  work  was  as  follows: 

Lumber,  including  arch  centers  ...  $156.00  on  job 

Steel 106.00  "     " 

Cement 137.00  on  siding,  f.o.b. 

Stone 240 .  00  on  job 

Dust  and  sand 90.00 

Railing 78.00  f.o.b.  siding 

Labor 300 .00 

Total $1107.00 

Omitting  the  cost  of  railing  this  figure  gives  a  cost  of  $8.57 
per  cu.  yd.  of  concrete,  including  steel.  This  cost  does  not  in- 
clude salvage  of  lumber  or  overhead  expenses  of  any  kind.  The 
contractor  received  $1500.00  for  the  work,  including  the  earth 
filling,  for  which  he  used  quarry  strippings.  This  filling  cost 
about  $50.00. 

1  The  sand  on  this  job  cost  practically  nothing  but  we  have  placed  the  cost 
at  $1.00  in  order  to  avoid  a  misleading,  item. 
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COST  DATA 


Cost  Data  (1924  Cost  Conditions)  Lock-joint  Cast-iron  Pipe 
Approximate  cost  f.o.b.  switch  North  eastern  States: 


Diameter 


12 

14 
16 
18 

20 
24 
30 


Per  Foot 
•   $2.45 


65 
26 

67 
89 

52 

97 


Averaging    cost    hauling    and    installing    exclusive    of    trench 
excavation. 

Diameter  Per  Foot 

12" $0.10 

16" 0.15 

18" 0.20 

24" 0.25 

30" 030 

36" ••  0.35 

Profit  item  from  20  to  60  cts.  per  foot. 


Bridge  Foundation  Excavation 
Road  191.     Season  of  1926  (Hinman) 

Common  labor  rate  50  cts.  per  hour. 

400  cu.  yd.  foundation  pit  excavation  in  gravelly  loam  soil 
taken  out  by  hand,  rock,  pick,  shovel,  bars  and  wheeled  out  of  pit 
with  wheelbarrows  for  $2.70  per  cubic  yard  exclusive  of  overhead 
charges. 

Pile  Driving 
Hinman  (1926) 

Road  191,  New  York  State. — 2000  lin.  ft.  piles  driven  by  1800- 
lb.  drop  hammer,  steam  hoist  rig.  Average  penetration  1"  per 
blow;  piles  25'  long  in  leads.  Average  cutoff  4'.  Cost  to  drive 
$1.50  per  foot  of  pile  ordered  in  leads  including  all  overhead  charges, 
1926  cost  conditions.     Poorly  equipped  and  poorly  managed  job. 

Average  cost  of  suitable  timber  piles  in  this  locality  delivered  on 
work  40  cts.  per  linear  foot  for  piles  less  than  30'  total  length. 

Ordinary  bid  prices  for  small  bridges  in  Western  New  York, 
80  cts.  to  $1.20  per  linear  foot  of  timber  piles. 


BRIDGE  COSTS 
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BRIDGE  MAINTENANCE  1 231 

Cost  Data  Bridge  Maintenance 

Steel  Bridges. 

Paint  every  2  to  4  years  depending  on  moisture  and  gas  con- 

tions. 

Cost  of  painting  (1923) : 

Labor  $2.50  per  ton  per  coat. 
Paint  80  cts.  to  $1.30  per  ton  of  steel  per  coat, 
ee  also  p.  1235  for  more  detail  data.) 

Life  of  Steel  Bridges. 

Well  maintained,  50  years  or  more. 

Poorly  maintained,  20  years  or  less. 
Floors. 

Life  of  plank 5  years  average. 

Life  of  concrete 8  to  15  years. 

Life  of  bituminous  concrete 8  to  15  years. 

Reflooring  Barge  Canal  Bridges  (1925)  Western  New  York 

Lumber,  $60  per  M  ft.  b.m. 
Carpenter  work,  $20  per  M  ft.  b.m. 
Total  per  M  ft.  new  floor,  $80. 
Floors  last  about  5  years. 

Mote. — Where  floors  are  strengthened  by  adding  extra  timber  stringers, 
ps  and  bracing,  carpenter  work  will  run  from  $30  to  $40  per  M  ft.  B.M. 

Dismantling  Old  Steel  Bridge  Superstructures,  $10  per  ton  when 
Id  as  junk.     $35  per  ton  old  pin  connected  trusses  to  be  reerected. 

Amount  of  Paint  Required  on  Flat  Surfaces 

Large  variations  in  amount  due  to  porosity  of  surface  kind  of 
int  and  expertness  of  painter.  For  average  conditions  1  gallon 
paint  should  cover  approximately  200  sq.  ft.  with  two  coats  of 
int. 

Pay-roll  and  Material  Accounts 

Page  1234  shows  largest  weekly  pay  rolls  for  2  months'  duration, 
int  values,  and  speeds  of  work  for  fourteen  macadam  roads  in 
jw  York  State  built  in  19 14.  At  the  present  time  these  pay  rolls 
>uld  be  two  to  three  times  as  much  and  the  equipment  approxi- 
itely  as  shown  on  pages  1261  to  1264. 

From  these  data  and  others  such  as  general  contractors'  associa- 
n  published  data,  it  is  reasonable  to  assume  that  a  contractor 
s  tied  up,  outside  of  money  on  plant  and  materials,  from  $10,000 
$25,000  for  the  full  length  of  time  the  work  is  in  progress  and  for 
Drt  periods  as  high  as  $30,000  to  $60,000  for  the  ordinary  rural 
vement  job  (5-mile  length,  1926  cost  conditions). 
If  cost  of  materials  and  freight  increase,  there  may  be  the  neces- 
y  of  banking  accommodations  up  to  approximately  $100,000 
a  short  time  on  5-mile  concrete  pavement  jobs  and  up  to 
,000  on  5-mile  macadam  jobs. 

(text  continued  on  page  1238.) 
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COST  DATA 
New  York  State  Barge  Canal  Division  4 


Painting  bridges,  season  1925  (force  account)  (highway  bridges 
steel  cleaned  bare  steel  1  coat  of  red  lead  1  finish  coat  black  pain 

Poor  condition 
25  %  steel  bare 
$      879.  SS     140  tons  steel 
■2  $6.30  per  ton 


Hulberton  Lift  Bridge  191. 

Labor $    761.00 

Material 118.  55 


Holley  Lift  Bridge  187. 

Labor $    903.00 

Material 130.63 


Middleport  Lift  Bridge  216. 

Labor $1846.00 

Material 255.86 


Albion  Lift  Bridge  199. 

Labor $2,259-44 

Material 238.83 


0,    .2 
o      c 

a«Hp, 
«-•  100  c  ?  o 


Albion  Lift  Bridge  200. 

Labor $    903.00 

Material 205. 45 


Spier's  Bridge  170. 

Labor 

Material 


385.00 
34-32 


Mitchell's  Bridge  136. 

Labor $    242.00 

Material 41.25 


Lyell  Road  Bridge  166. 

Labor $    123.00 

Material 26.08 


Buffalo  Road  Bridge  165. 

Labor $    383.00 

Material 29.22 


Clinton  Ave.  Bridge  144. 

Labor $    584.00 

Material 137.24 


Winton  Road  Bridge  143. 

Labor $    344  00 

Material 16.45 


a    - 


U 


m        e©     12 

wo       S  rt  n 

rH  c  co  "  o 
^•C  O  «.C-*» 
^  XI  "^  .co. co  v, 

^  Q  O.S  M  irt 


Lee  Road  Bridge  169 

Labor. $    422.00 

Material 49  42 


1033.63 


Bad  condition 
40  %  steel  bare 
102  tons  steel 
$10  per  ton 


Bad  condition 
60  %  steel  bare 
2101.86       214  tons  steel 
$10  per  ton 

Bad  condition 
70  %  steel  bare 
2498.27       no  tons  steel 
$22  per  ton 

Bad  condition 
40  %  steel  bare 
1108.45       107  tons 

$23  per  ton 

Fair  condition 
15  %  steel  ban 
419 .32     60  tons 

$7  per  ton 

Bad  condition 
30  %  steel  ban 
283.25     52  tons 

$5.50  per  ton 

Bad  condition 
40  %  steel  ban 
149.08      53  tons 

$2.80  per  ton 

Bad  condition 
50  %  steel  ban 
412.22     58  tons 

$7.10  per  ton 

Poor  conditioi 
25  %  steel  bar< 
721.24     75  tons 

$9.60  per  ton 

Poor  conditioi 
25  %  bare 
360.45     75  tons 

$4.80  per  ton 

Bad  condition 
40  %  steel  bar> 
471 .42     85  tons 

$5.50  per  ton 


PAINTING  BRIDGES 


1*33 


°ine    Street    Bridge,  Lockport, 
232. 

Labor $3051.50 

Material 451-52 

,ake  Avenue  Bridge,  Lockpori, 
228. 

Labor $1161.00 

Material 184.26 

Brooks  Avenue  Bridge,  161. 
Labor $      72.50 

Sushnells  Basin  Guard  Gale. 

Labor $    395 • 50 

Material 117.64 

'artersville  Guard  Gale. 

Labor $    403 .  00 

Material 83.55 

Zast  Guard  Lock. 

Labor $    585.25 

Material 157.67 

Vest  Guard  Lock. 

Labor $    558.00 

Material 169.87 

spencer  port  Guard  Gate. 

Labor $    499.00 

Material 56.91 

Iolley  Guard  Gate. 

Labor $    264.00 

Material 65. 16 

".antry  Crane,  Pittsford. 

Labor $    155 .00 

Material 8.25 

Total  amount  labor  and 
material 


w 
a 
u 

0) 

> 

w    *•    lj 

v  «i  3     w 


Bad  condition 
65  %  steel  bare 
400  tons 
3503.02      $8.80  per  ton 

Poor  condition 
30  %  steel  bare 
80  tons 
1345.26      $16.70  per  ton 

Fair  condition 
72.50     10%  steel  bare 
100  tons 
70  cts.  per  ton 

Bad  condition 
50  %  steel  bare 
513. 14     no  tons 
$5  per  ton 

Bad  condition 
50  %  steel  bare 
486.55     no  tons 

$4.70  per  ton 

Bad  condition 
50%  bare 
742.92      no  tons 

$7.30  per  ton 

Bad  condition 
50%  bare 
727.87     no  tons 

$7.20  per  ton 


555.91 


329.16 


16325 

$18,878.32 
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For  the  purposes  of  engineering  estimates  of  cost,  interest  < 
banking  accommodations  can  be  figured  for  the  prevailing  intere 
rate  for  this  kind  of  accommodation  on  the  basis  of  $50,000  f 
6  months  for  18'  width  of  concrete  pavement  jobs  5  miles  long  ai 
$40,000  for  1 8'  width  of  ^ntacadams,  pavement  5  miles  long  whii 
amounts  to  approximately  $300  to  $400  per  mile  for  interest  on  ps 
roll,  freight,  and  materials. 

Bonds  and  Liability  Insurance. — There  is  considerable  fluctu| 
tion  in  the  rates  for  these  items  of  cost,  and  the  engineer  shou 
use  the  prevailing  rates  for  his  territory  and  class  of  work  bei: 
done.  The  different  types  of  bond  and  liability  insurance  a 
described  briefly.  The  prevailing  rates  for  rural  pavement  wo 
in  New  York  in  1926  are  as  follows: 

Performance  bond 0.5%  to  2.0%  of  contract  pri 

Compensation-insurance  (labor) ...  4  to  5  %  of  pay  r 

Public  liability 1  %±  of  pay  r 

Automobile  liability  on  trucks $40  per  Ford  truck  per  ye 

The  cost  estimates  in  this  chapter  are  based  on  allowing  10% 
pay-roll  cost  for  bonds,  insurance,  etc. 

BONDS 

Bonds  are  divided  into  three  general  classes:  fidelity,  judic 
and  surety. 

A  fidelity  bond  guarantees  the  honesty  of  persons. 

A  judicial  bond  guarantees  the  honesty  and  performance  of  le; 
obligations. 

A  surety  bond  guarantees  the  performance  of  an  agreement 
contract. 

Each  of  the  above  divisions  covers  a  number  of  subdivisions  a 
classifications. 

If  all  highway  work,  either  construction  or  maintenance,  touct 
upon  from  other  viewpoints  in  this  book,  were  performed  by  c< 
tract,  there  would  be  no  need  of  mentioning  any  form  of  bond  1 
the  surety,  but  because  in  the  past  few  years  certain  political  si 
divisions,  such  as  counties  and  towns,  have  developed  their  o 
construction  and  maintenance  forces,  thereby  performing  the  wc 
directly  and  under  the  supervision  of  elected  or  appointed  office 
a  short  description  of  all  types  of  bonds  with  their  approxim; 
costs  is  included. 

Fidelity  Bonds 

Fidelity.  Individuals. — This  type  of  bond  covers  the  execut: 
officers  of  corporations,  assistant  executive  officers,  manag 
and  superintendent  of  stores,  buildings  and  industrial  operatio 
bookkeepers,  cashiers,  clerks,  salesmen,  officers  and  members 
organizations,  associations  (fraternal,  beneficial,  labor,  et( 
building  loan  associations,  cooperative  companies. 

Schedule. — Where  six  or  more  persons  are  to  be  covered,  a 
where  the  surety  amounts  to  $20,000  or  over,  a  schedule  bond  m 
be  issued.     This  form  may  be  used  in  connection  with  ban 
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large  mercantile  establishments,  industrial  operations,  associations 
of  all  kinds  (fraternal,  beneficial,  or  otherwise).  Special  rates 
cover  each  classification. 

Position  Form. — This  bond  is  a  form  that  covers  the  position 
and  does  not  name  the  person. 

Bankers'  Blanket. — This  is  a  special  form  for  banks,  investment 
houses,  stock  brokers,  etc.  and  is  issued  in  lump  sum.  It  protects 
the  bank  not  only  from  dishonesty  but  from  other  hazards  such  as 
holdup,  robbery,  burglary,  mysterious  disappearance,  etc.  The 
rates  are  based  upon  the  amount  of  insurance,  number  of  employees, 
form  of  bond  etc.,  and  the  cost  of  such  a  bond  is  purely  individual 
and  based  on  all  circumstances  connected  with  its  issue. 

Judicial  Bonds 

All  court  bonds  such  as  administrators,  guardians,  committees, 
receivers  in  bankruptcy,  trustees  and  also  release  of  attachment, 
replevin,  stay  of  execution  or  any  bond  given  to  court  to  guarantee 
payment  before  undertaking  penalty  or  obligation  in  connection 
with  court  action,  indemnity  to  sheriff,  or  other  public  officers. 

Surety  Bonds 
Construction,  supply,  maintenance,  proposal  or  bid  bonds,  etc. 

Miscellaneous  Bonds 

Freight  charges,  indemnity  bonds,  lease  bonds,  lien  bonds, 
replacement  bonds,  lost  securities,  etc. 

Depository  Bonds 
Banks,  government,  state,  county,  city,  and  other  municipalities. 

License  Bonds 

Government,  state,  city,  town,  and  village.  Bonds  required  by 
various  cities,  towns,  and  villages  for  use  of  streets,  construction 
of  vaults,  employment  agencies,  detective  agencies,  explosives, 
gasoline  tanks,  boxing  clubs,  etc. 

Federal  Bonds 

Various  forms  required  by  the  United  States  Government  such 
as  prohibition,  use  of  intoxicating  liquors,  manufacturing  of  non- 
alcoholic beverages,  warehouse  bonds,  custom  house  bonds  cover- 
ing foreign  shipments,  immigrant  bonds,  etc. 

Except  for  surety  bonds  covering  construction  contracts  in 
Class  A  and  Class  B  hereinafter  defined  in  New  York  State  and 
also  for  New  York  City,  the  other  types  of  bonds  mentioned  above 
are  subject  to  a  considerable  variation  in  cost,  and  therefore  general 
statements  as  to  rates  and  premiums  are  confined  to  the  surety 
bonds  to  Class  A  and  Class  B  types,  commonly  known  as  contract 
bonds  and  defined  as  follows. 

Contract  Bond  Rates. — Contract  bonds  may  be  divided  into 
general  classes  of  construction  A  and  B;  supply;  proposal;  main- 
tenance; construction  and  maintenance;  supply  and  maintenance; 
paving;  bridge  building;  dredging;  indemnity  bonds;  lease  bonds; 
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lien  bonds;  replacement  bonds;  city  contract  bonds;  timber  cutting 
bonds;  U.  S.  Mail  bonds;  printing  and  engraving  bonds. 

Construction  Class  A  covers  all  contracts  wherein  the  material, 
machinery,  or  device  is  to  be  installed,  and  the  work  on  the  premises 
covers  merely  the  installation  of  the  plant  or  machinery,  such  as 
automatic  telephone  exchange  equipment,  coal  storage  and  coal 
handling  machinery,  furnishing  and  installing  building  elevators, 
machinery  made  to  special  order  or  design;  refrigeration  plants  on 
land;  signal  towers  on  railroads,  standpipes  and  water  towers; 
quarrying  and  furnishing  of  stone  for  buildings,  breakwaters, 
etc.  or  for  the  incorporation  of  stone  in  buildings. 

The  rate  for  Class  A  construction  contracts  as  above  outlined, 
covering  all  public  contracts  in  New  York  City  which  may  be  let 
by  all  departments  of  the  state  government  including  the  state 
architect,  the  department  of  public  works,  the  conservation  com- 
mission, the  various  state  park  commissions  and  to  include  public 
work  for  counties,  cities,  towns,  villages,  school  districts  and  boards 
of  education  where  the  form  of  contract  and  bond  does  not  make 
the  surety  liable  to  a  direct  action  for  the  contractor's  indebtedness 
for  labor  and  material  is  one-half  of  i  %  per  annum  on  the  contract 
price. 

Construction  Class  B  covers  general  contracts  such  as  nitration 
plants;  buildings;  dams;  water  works;  sewage-disposal  plants;  barge 
canals;  breakwaters;  foundations;  locks;  masonry;  piers;  highway 
construction,  etc. 

The  rate  for  Class  B  construction  contracts  as  above  outlined 
for  above  contracts  under  the  supervision  of  the  same  political 
and  departmental  subdivisions  given  above  is  1%  of  the  contract 
price  for  any  period  up  to  24  months.  Annual  renewal  thereafter 
is  one-half  of  1%  of  the  contract  price. 

As  an  exception  to  above,  the  New  York  State  architect's  form 
of  bond  takes  a  rate  of  $20  per  thousand  on  amount  of  contract 
for  term  of  2  years  which  includes  1  year's  maintenance.  Renewal 
premium  at  the  rate  of  $10  per  thousand  per  annum. 

New  York  State  Barge  Canal  contracts  take  a  rate  of  $15  per 
thousand  on  the  amount  of  contract  for  term  of  2  years.  The 
labor  bond  is  included  without  extra  charge. 

Paving  contracts  for  incorporated  villages  and  cities  take  a  rate 
of  $10  per  thousand  per  annum  on  the  amount  of  contract. 

Maintenance  on  same  is  $2  per  thousand  per  annum  on  the  value 
of  work  guaranteed. 

In  New  York  City  contracts,  all  departments  of  the  New  York 
City  government  including  all  boroughs,  boards,  and  commissions, 
except  the  Board  of  Transportation,  take  the  following  rates: 
Construction  contracts  Class  A  one-half  of  1  %  per  annum  on  the 
contract  price.  Construction  contracts  Class  B  1  %  of  the  contract 
price  for  any  period  up  to  24  months,  and  annual  renewal  thereafter 
one-half  of  1  %  of  the  contract  price. 

Bridge  contracts  take  the  same  rate  as  Class  B  construction,  but 
separate  contracts  for  steel  and  iron  tonnage  only,  for  reflooring 
and  repairing  superstructure  only,  and  for  including  assembly  or 
erection  take  the  rate  of  $7.50  per  thousand  on  contract  price. 
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Separate  contracts  for  furnishing  and  delivering  metal  super- 
structure only,  without  assembly  or  erection,  are  at  the  rate  of 
$2.50  per  thousand  on  contract  price. 

Dredging  contracts,  for  river  and  harbor  work  for  the  United 
States  Government,  tidewater  dredging,  and  dredging  on  the  Great 
Lakes  carry  a  flat  premium  of  $7.50  per  thousand  on  amount  of 
contract. 

Drainage  ditches  and  all  inland  dredging  or  ditching  done  with 
a  floating  or  power  dredge  carry  a  flat  premium  of  1}^%  on  the 
contract  price. 

In  bid  or  proposal  bonds,  the  rate  for  construction  contracts  not 
exceeding  $2500  is  20  cts.  per  hundred  on  price  bid;  minimum 
premium  $1.  For  construction  contracts  of  $2500  or  more,  rate 
of  bid  or  proposal  bond  is  $5  each. 

Where  no  corporate  surety  bond  has  been  required  for  either 
supply  or  construction  contract,  maintenance  bonds  covering 
material  already  supplied  or  work  already  completed  carry  a  rate 
of  three-fourths  of  1  %  per  annum  for  the  amount  of  penalty  on 
bond.     Minimum  premium  is  $7.50  for  term. 

The  regular  construction  rate  is  charged  for  performance  and 
maintenance.     Rate  begins  immediately  upon  completion. 

Indemnity  Bonds 

For  bonds  to  indemnify  public  officials  for  payment  of  retaining 
percentages  on  completed  construction  work,  where  payment  is 
otherwise  delayed,  the  rate  is  1%  on  amount  of  bond  for  its  full 
term. 

Lien  Bonds 

Separate  bond  not  guaranteeing  completion  but  guaranteeing 
owner,  lender,  mortgagee,  or  lessee  against  any  hens  being  filed 
on  building  or  improvement,  where  bond  is  given  before  the  com- 
mencement of  construction  or  improvement,  or  near  the  commence- 
ment of  such  work,  and  where  at  the  date  of  bond  no  liens  have  been 
filed,  carry  a  rate  of  $10  per  thousand  on  amount  of  bond  for  its 
term. 

Where  bond  is  given  at  or  after  completion  of  work,  or  when 
work  is  so  advanced  that  only  final  payment  remains  to  be  paid 
and  at  date  of  bond  no  liens  have  been  filed,  the  rate  is  $5  per 
thousand  on  amount  of  bond. 

Bonds  given  to  release  mechanics  or  material  men's  liens,  lien 
of  judgment,  or  any  other  hens  which  have  been  filed  against 
building  or  other  improvement  are  classified  as  court  bonds,  and 
the  rate  is  $10  per  thousand  per  annum  on  amount  of  bond. 

SIDEWALK  BONDS 

Classified  as  Construction 

Sidewalk  bonds  are  for  performance  of  contract,  either  to  munic- 
ipality or  private  parties.     The  rates  are  as  follows: 
Performance  $7.50  per  thousand  on  contract  price. 
Maintenance  1.50  per  thousand  on  contract  price  per  annum. 
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One  year  maintenance  only,  no  charge. 

Over  i  year  maintenance,  premium  covers  every  year  of  mainte- 
nance including  the  first  year. 


WORKMEN'S  COMPENSATION  INSURANCE 

Coverage. — Workmen's  Compensation  Insurance  covers  the 
obligation  imposed  by  law  upon  the  employer  for  compensation 
or  damages  for  personal  injuries  to  an  employee  arising  out  of  and 
in  the  course  of  his  employment;  also  the  obligation  assumed  by 
an  employer  to  pay  to  injured  employees  or  their  dependents  the 
benefits  provided  under  the  Workmen's  Compensation  Law. 

The  Workmen's  Compensation  policy  also  covers  liability 
imposed  upon  an  employer  for  injuries  sustained  by  employees  by 
reason  of  the  negligence  of  the  employer  when  such  injuries  are 
not  compensatory  under  any  workmen's  compensation  law.  This 
also  includes  payment  of  medical,  doctor,  and  hospital  bills. 

Rates. — Rates  for  different  classes  of  operation  may  be  found 
in  the  Workmen's  Compensation  manual,  which  gives  a  complete 
general  classification  of  all  labor.  Each  class  has  a  different  rate 
per  hundred  of  pay  roll,  and  a  policy  covering  such  insurance  is 
issued  for  i  year.  Pay  rolls  are  submitted  to  the  insurance  Com- 
pany's auditor,  classification  talked  over  with  the  contractor, 
and  the  rates  for  each  applied,  and  the  premium  is  based  upon  the 
entire  pay  roll. 

PUBLIC  LIABILITY  INSURANCE 

Coverage. — This  form  of  insurance  provides  indemnity  for  the 
assured,  against  loss  by  reason  of  his  legal  liability  to  persons,  other 
than  employees,  on  account  of  construction  operations  performed 
by  independent  contractors  or  subcontractors  for  the  owner  or 
contractor.  Employees  are  protected  under  Workmen's  Com- 
pensation Insurance. 

This  insurance  is  ordinarily  written  at  a  $5000  limit  for  one  person 
and  $10,000  for  more  than  one  person.  If  protection  is  desired  for 
an  additional  number  of  persons,  the  rates  increase  by  a  sliding 
percentage  scale. 

The  minimum  premium  for  a  contractor's  protective  public 
liability  insurance  policy  is  $20  per  year. 

Rates. — In  contractors'  protective  or  contingent  public  liability 
insurance,  the  rates  are  based  on  a  total  cost  of  all  work  let  or 
sublet  in  connection  with  each  specific  contract  including  costs  of 
all  labor,  materials,  and  equipment  furnished,  used,  or  delivered 
for  use  in  the  execution  of  such  work,  whether  furnished  by  the 
owner,  contractor,  or  subcontractor,  as  well  as  allowances,  bonuses 
or  commissions,  made,  paid,  or  due,  at  the  following  rates: 
Total  cost  up  to  and  including  $500,000,  10  cts.  per  hundred. 
Total  cost  $500,001  up  to  and  including  $1,000,000,  6  cts.  per 

hundred. 
Total  cost  in  excess  of  $1,000,000,  4  cts.  per  hundred. 
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HIGHWAY  EQUIPMENT1 

General  Introduction. — Just  by  way  of  contrasting  a  1926  plant, 
le  writer  wishes  to  enumerate  the  equipment  used  on  the  first 
Dntract  with  which  he  was  connected  during  the  summer  of  1900. 

This  particular  piece  of  highway  improvement  was  a  water- 
ound  macadam,  16'  wide  6"  thick,  built  in  two  courses  of  3"  each 
depth  after  consolidation.  It  included  practically  all  of  the 
reliminary  work  which  has  to  be  done  on  a  present-day  contract, 
he  alignment  was  stacked  out  to  tangents  and  regular  curves  as 
1  present-day  methods,  except  that  curves  were  not  banked, 
le  ditches  were  dug  to  line  a  grade,  the  drainage  structure  placed 
5  called  for  by  the  plans  and,  in  short,  except  for  the  equipment 

ed  and  the  thickness  and  depth  of  road  metal,  there  was  no 
ifference  between  present-day  construction,  except  in  the  amount 
:  mechanical  equipment. 

The  list  is  given  herewith: 

steam  roller  at  an  approximate  cost  of $2500.00 

horse-drawn  water  tank  for  roller 150.00 

3  doz.  picks 1 20 .  00 

d  doz.  shovels 1 20 .  00 

doz.  sledges 15.00 

knapping  hammers 2 .  00 

doz.  iron  pins  for  grade  lines 2 .  50 

600-gal.  sprinkling  wagons  at  $300  each 600.00 

The  above  equipment  plus  the  necessary  pails,  trowels,  grading 
ring,  and  small  incidentals  were  the  only  preliminary  investments 
hich  the  contractor  had  to  make  inasmuch  as  the  commissary 
Duses  were  built  and  paid  for  by  the  padrone  who  furnished  the 
bor. 

Labor  was  cheap  and  plentiful.  As  the  author  remembers  it,  the 
ages  paid  ran  from  13^  cts.  per  hour  for  common  labor  to  30 
:s.  per  hour  to  foremen.  Carpenters  were  paid  about  25  cts.  per 
3ur  and  inasmuch  as  teams  could  be  hired  at  35  cts.  per  hour 
eluding  the  driver,  and  slat  dump  wagons  furnished  by  the  owner, 
le  contractor  had  no  hauling  equipment  to  buy. 

It  is  not  to  be  wondered  at  that,  with  so  small  an  initial  invest- 
lent  and  with  labor  so  cheap,  the  use  of  machinery  to  reduce  costs 
as  considered  highly  theoretical  and  scarcely  to  the  liking  of 
cperienced  contractors. 

The  excavation  of  cuts  and  the  placing  of  the  material  in  fills 
ith  a  three-haul  limit  of  2000'  was  done  slowly  and  methodically 
y  hand  shovels,  the  dumped  material  spread  with  either  shovels 

rakes  into  6"  layers.  There  was  not  even  a  slip  scraper,  wheeled 
:raper,  or  a  road  machine  utilized  on  the  entire  4-mile  contract. 

The  first  break  away  from  these  old-fashioned  ideas,  within  the 

riter's  experience  which  was  largely  confined  to  western  New 

1  E.  A.  Bonney  has  supplied  the  general  discussion  of  this  item  and  the 
itailed  description  of  the  common  units  of  equipment.  W.  G.  Harger 
is  compiled  the  rental  schedules  and  the  approximate  overhead  equipment 
larges  for  unit  price  estimates. 
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York,  came  in  1910  in  the  substitution  of  bottom  dump  wagons  fo 
slat  wagons,  and  he  well  remembers  the  stock  arguments  whicl 
contractors  and  owners  of  teams  would  give  the  salesmen  for  dumj 
wagons;  that  the  team  was  too  far  from  the  load  that  they  drew 
that  the  horses  could  not  stand  the  extra  strain,  that  the  tean 
would  be  thrown  by  the  sudden  dropping  of  the  load,  etc. 

It  was  not  until  the  war  conditions  of  1916  to  1921,  when  labo 
was  scarce,  ineffective,  and  highly  paid,  that  serious  consideratio: 
was  given  to  the  creation  of  portable  mechanical  units  to  take  th 
place  of  hand  labor.  Steam  shovels  had  been  used  for  years  o 
heavy  work  but  were  generally  mounted  on  railroad  wheels  an 
built  in  sizes  which  precluded  their  passage  over  highway  bridge 
of  ordinary  strength. 

The  development  of  the  gas  engine,  both  for  motor  trucks  and  i 
an  industrial  way  for  power  units,  kept  pace  with  the  scarcity  ( 
labor;  and  within  the  last  10  years  the  development  of  mechanic; 
equipment  has  been  so  rapid  that  present-day  contracts  are  carrie 
on  with  a  much  smaller  labor  cost  than  ever  before. 

A  list  is  herewith  given  of  equipment  which  can  be  considere 
as  entirely  normal  to  any  modern  contractor  building  a  road  sever, 
miles  long  under  present-day  methods. 

1     10-ton    three- wheeled    motor    roller    with    scarifier, 

approximate  cost $     5»5<; 

1    5-ton    three-wheeled    motor    roller    with   planer   and 

scarifier,  approximate  cost 2,5* 

1  motor-driven  concrete  mixer,  caterpillar  tread 7,5*1 

1  motor-driven  shovel,  %-yd.  bucket 12, cm  1 

8  2-yd.  motor  trucks  with  dump  bodies  at  $3000  each. . .  24,01 1 

2  miles  of  2"  water  pipe  with  necessary  unions,  tees,  and 
valves  at  20  cts.  per  foot 2,o> 

1  motor-driven  crane  for  unloading  and  storing  materials  4,5*  1 

3000  lin.  ft.  of  steel  interlocking  forms  at  80  cts.  per  foot  2,4 

1  motor  grader : 2>4 

1  high-pressure  water  pump  with  gasoline  engine 1,2 

Necessary  small  tools,  hammers,  shovels,  rakes  etc. . . . 

If  the  contract  in  question  is  to  be  constructed  from  local  stor 
the  items  in  the  above  plant  would  be  reduced  by  eliminating  t 
loading  crane,  but  increased  by  the  addition  of  a  crusher,  elevat( 
screen,  and  bins.  In  all  probability  an  additional  elevator  ai 
screen  would  be  needed  for  the  sand  bank,  with  power  to  dri 
both  units.  It  is  obvious  that  with  a  reduction  of  50%  in  t 
labor  charge,  an  increase  of  several  hundred  per  cent  has  occurr 
in  the  quantity  of  equipment  needed. 

In  the  modern  method  of  handling  highway  work,  however,  the 
are  additional  viewpoints  which  must  be  considered  and  whi 
are  made  possible  by  the  use  of  equipment.  The  present-d 
contractor  wishes  to  average  2^  to  3  miles  of  road  per  mont 
whereas  the  old-time  contractors,  even  the  best  of  them,  we 
satisfied   with   6   or    7    miles   per  season.     The   traveling   pub 
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:mands  speed,  and  without  mechanical  equipment  this  speed 
uld  not  be  accomplished.  It  not  only  hastens  the  delivery  and 
icing  of  materials,  but  in  these  very  acts  a  modern  plant  function- 
e;  properly  seems  to  speed  up  and  maintain  at  a  higher  average 
e  remaining  labor  element. 

As  an  example,  take  the  item  of  earth  excavation.  Present-day 
actice  puts  a  steam  or  gas  shovel  through  all  cuts  from  18"  up, 
e  shovel  feeding  the  motor  trucks  on  which  within  the  last  2 
ars  the  use  of  pneumatic  tires  is  rapidly  increasing.     The  dump- 

for  the  fill  is  taken  at  the  point  nearest  the  shovel  so  that  the 
ided  trucks  are  running  over  the  new  nil  as  the  work  progresses, 
zing  a  consolidation  which  cannot  be  equaled  by  any  roller, 
le  dump  bodies  are  designed  to  spread  the  load  as  the  truck 
Dves  forward,  thus  eliminating  almost  entirely  the  necessity  for 
x>r  on  the  fill.  A  motor  grader,  either  on  rubber  tires  or  with  a 
iwler  tread,  works  continuously  on  the  new  grade  as  it  is  built 

or  cut  down.  The  10-ton  gasoline-driven  roller  is  put  into 
eration  within  2  or  3  min  and  follows  the  rough  grading  opera - 
»n  of  the  trucks  and  motor  grader  for  the  proper  consolidation, 
hen  the  rough  grading  is  complete,  the  heavier  roller  is  laid  aside 
d  the  fine  grade  largely  finished  with  the  use  of  a  motor  grader 
a  5-ton  gasoline-driven  roller  equipped  with  a  planer  and  scarifier. 
When  sufficient  fine  grading  has  been  performed  and  the  concrete 
vement  started,  partitions  are  installed  in  the  dump  trucks  so 
at  measured  batches  of  stone  and  sand  can  be  dumped  directly 
:o  the  hopper  of  the  mixer.  Portable  turntables  are  provided 
that  the  trucks  will  not  have  to  turn  around  a  long  distance 
>m  the  mixer  and  back  up  to  it;  the  cement  can  be  loaded  directly 
the  mixer.  The  surface  of  the  concrete  pavement  is  oftentimes 
ished  by  mechanical  and  power-driven  screeds.  Water  is 
ovided  at  the  mixer  by  a  high-pressure  pump  and  pipe  line,  and 
e  work  progresses  at  an  average  speed  which  was  not  even  thought 
10  years  ago. 

If  the  pavement  has  been  covered  with  a  coating  of  earth  for 
otection  and  curing,  this  is  later  removed  without  hand  labor  by 

use  of  a  power  grader  or  a  light  road  machine  drawn  by  a 
lall  tractor.  In  many  instances  the  shoulders  are  built  in  the 
me  manner  and  rolled  with  the  small  5-ton  roller. 
The  present-day  methods  practically  exclude  hand  labor  except 
the  fine  grade,  the  placing  of  forms,  the  distribution  of  concrete 
the  mixer,  and  the  covering  of  the  finished  concrete  after  the 
tial  set  together  with  the  installation  of  culverts  and  the  erection 
guard  rails  and  signs. 

This  tendency  toward  the  use  of  equipment  in  a  much  larger 
y  than  in  the  earlier  days  has  proved  its  value  to  the  public  who 
j  and  pay  for  the  highways  and  to  that  percentage  of  the  con- 
icting  fraternity  who  have  proved  its  value  to  themselves.  This 
one  percentage  of  contractors  who  have  brought  the  use  of 
;chanical  means  to  its  present-day  development  are  of  the  type 
men  who  would  have  succeeded  to  approximately  the  same 
gree  of  success  in  any  other  line  which  they  might  have  elected 
make  a  life  work. 
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In  other  words  the  building  of  highways  by  contract  has  becon 
a  specialty  business,  and  the  contrast  between  the  fit  and  tl 
unfit  is  even  more  plainly  marked  than  similar  contrasts  in  mec 
cine,  law,  and  general  business.     The  requirements  of  preset 
day  contracts  should  and  do  exclude  the  men  working  with  litl 
or   no   capital,    the   inexperienced   and    the  proven  failure.     T 
initial  investment  is  such  that  a  man  without  capital  never  h 
an  even  chance,  except  under  very  unusual  circumstances.     I 
cannot  obtain  a  contract  award  and  buy  the  necessary  equipme 
from  the  earnings  of  the  job  as  he  could  years  ago.     He  should 
fitted  with  tools  at  the  start  which  will  allow  him  to  perform  t 
work  at  item  prices  as  cheaply  as  his  neighbor  and  competit< 
It  is  perfectly  obvious  that  the  plant  investment  outlined  abov 
properly  to  equip  a  road  contract  on  which  the  contract  pri 
may  be  $250,000,  is  all  out  of  proportion  to  the  cost  of  plant  need 
for  the  erection  of  a  $250,000  reinforced-concrete  building  or  t 
laying  of .  a  $250,000  concrete-pipe  sewer.     We  have  heard  tl 
complaint  more  than  once,  but  it  really  has  no  bearing  on  t 
situation.     The  work  is  there  to  be  done  and  it  should  be  done 
the  cheapest  known  way.     We  do  not  state  that  it  is  up  to  a  c( 
tractor  to  buy  all  of  the  equipment  mentioned;  we  simply  say  tl 
he  needs  it.     If  he  can  rent  any  or  all  of  the  equipment  at  a  pr 
which  will  be  cheaper  for  him  at  the  end  of  his  fiscal  year  or  at  1 
end  of  the  contract  than  the  outright  purchase  would  be,  and  s; 
outright  purchase  price  to  include  depreciation  and  interest 
investment,  then  let  him  rent  what  he  needs  and  be  rid  of  it  at  1 
end  of  his  contract.     This  is  a  question  where  business  training  a 
experience  enter.     We  have  known  contractors  who  by  disrega 
ing  the  initial  investment  could  show  a  good  profit  upon  tl 
work  but  went  broke  at  the  end  of  2  or  3  years  simply  because 
depreciation  of  plant  and  continued  interest  charges  on  their  ph 
investment.     In   other   words   their  jobs   were   overplanted. 
closing  these  general  remarks  and  before  going  further  into  itemL 
descriptions  on  costs  and  types  of  plant,  we  would  like  to  rem; 
that  it  takes  a  brilliant  mind  in  addition  to  all  other  human  | 
tracting  qualities  to  enable  a  man  or  a  corporation  actively  folic 
ing  highway  contracting  to  produce  in  the  6  or  8  months  of  g( 
working  weather  what  the  same  type  of  man  in  another  line  of  w< 
would  be  content  to  accumulate  in  a  business  year  of  1 2  months 

Rollers. — For  many  years  the  steam  roller  was  the  standard  s< 
propelled  machine  common  to  all  highway  work,  and  at  first 
purpose  was  simply  compression  of  finished  subgrade  and  the  roll 
of  macadam.  About  10  years  ago,  a  pressure  scarifier,  to 
attached  to  the  rear  of  the  machine  for  the  purpose  of  tearing  up 
roadbed,  was  perfected,  and  since  that  time  the  greater  per  c 
of  rollers  have  been  scarifier  equipped.  The  steam  roller  is  grai 
ally  being  retired  in  favor  of  the  motor  roller  whose  advanta 
are  obvious,  namely,  elimination  of  hauling  of  coal  and  water  a 
saving  of  time  in  stopping  and  starting  the  machine  morning  a 
night.  A  steam  roller  needs  from  40  min.  to  an  hour's  work  bef 
sufficient  steam  pressure  can  be  obtaned  to  run  and  the  fire  1 
to  be  drav/n  or  banked  at  night. 
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The  motor  roller  carries  sufficient  gasoline  to  operate  for  a  day 
and  a  half  and  water  for  cooling  purposes  for  a  week's  operation; 
it  can  be  started  within  a  very  few  minutes,  and  when  it  stops,  the 
expense  ceases. 

The  so-called  10- ton  three- wheeled  motor  rollers  without  scarifier 
cost  approximately  $4350  delivered,  and  with  scarifier  $5500.  The 
machines  are  made  in  single-cylinder,  double-cylinder,  and  four- 
cylinder  motors.  The  heavy-duty  single-cylinder  and  double- 
cylinder  machines  will  probably  last  longer,  as  far  as  the  motor  is 
concerned,  than  the  four-cylinder  units;  the  motor  speed  is  much 
less  with  the  resulting  longer  life.  There  is  however,  more  vibra- 
tion in  the  slow-moving  engine.  One  of  the  reasons  for  the  rapid 
growth  in  the  past  few  years  in  the  use  of  four-cylinder  machines 
is  that  the  four-cylinder  motor  is  better  known  to  users  of  other 
motor  equipment.  More  mechanics  are  familiar  with  the  four- 
cylinder  motor,  as  the  construction  of  these  motors  is  practically 
standard. 

The  use  of  a  three- wheeled  motor  roller  lighter  than  the  10- ton 
size  is  somewhat  of  an  innovation,  but  has  been  adopted  by  a  large 
number  of  states  as  standard  specification  for  completion  of  sub- 
grade.  The  machine  is  so  much  smaller  than  the  10- ton  size  that 
its  advantages  in  using  between  the  forms  ahead  of  the  concrete 
mixer  are  self-evident.  Its  use  has  been  increased  to  a  large  extent 
by  the  addition  of  a  planer  blade  on  the  front  and  a  small  scarifier 
on  the  rear,  either  and  both  of  which  are  of  great  help  in  the  final 
trimming  up  of  subgrade  just  ahead  of  the  laying  of  concrete. 

A  5-ton  three-wheeled  motor  roller  with  planer  and  scarifier 
costs  approximately  $2500  delivered. 

Concrete  Mixers. — The  tendency  of  the  past  few  years  has  been 
toward  larger  and  more  powerful  mixers;  a  gasoline  machine  of 
crawler  type,  six-bag  capacity,  is  the  machine  most  popular  with 
the  present-day  contractors.  On  the  present  models  the  stone,  sand, 
and  cement  are  generally  dumped  direct  from  the  truck  into  a 
loading  skip.  As  the  skip  is  raised,  water  is  automatically  dis- 
charged into  the  mixing  drum,  the  amount  of  water  to  be  varied 
to  use  the  material.  The  machines  are  steered  by  power  operated 
by  one  man.  The  engine  is  generally  a  four-cylinder  gasoline  motor, 
radiator  cooled;  all  gears  are  enclosed;  it  is  equipped  with  roller 
bearings  and  lubricated  in  the  automatic  way  in  general  use  on 
automobile  trucks.  The  price  of  a  machine  of  this  size  is  $7700 
delivered. 

Steam  or  Motor  Shovels. — A  few  years  ago  before  the  rapid 
development  of  the  gasoline  motor,  the  use  of  a  power  shovel  by 
highway  contractors  was  not  considered  unless  the  excavation 
quantities  ran  above  8000  to  10,000  cubic  yards  per  mile  of  highway. 
At  that  time  it  was  thought  that  a  face  of  4  or  5'  in  any  given  cut 
was  needed  for  the  economical  use  of  a  power  shovel,  and  with  the 
old  system  of  hauling  material  away  from  the  shovel  by  means  of 
horses  and  wagons,  the  contractors  were  probably  correct  in  their 
contention.  The  development  of  the  high-speed  smaller  truck 
with  pneumatic  tires  with  a  capacity  of  from  2  to  2^  yd.  has 
changed  the  situation  to  such  an  extent  that  power  shovels  are 
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now  used  on  any  type  of  excavation  where  the  cut  will  average  8". 
There  never  has  been  any  difficulty  with  getting  a  power  shovel  to 
dig,  the  main  difficulty  being  getting  the  material  away  from  the 
machine.  The  use  of  the  fast-moving  light  trucks  has  solved  the 
problem,  and  the  further  development  of  the  shovels  themselves 
by  equipping  with  gasoline  motors  has  brought  about  a  tremendous 
impetus  in  the  use  of  this  type  machine. 

The  shovels  are  generally  equipped  with  crawler  treads,  which 
eliminate  the  necessity  for  planking  ahead  of  the  wheels  and  enable 
them  to  work  on  soft  ground.  The  size  bucket  varies  from  3^ 
to  %  yd. 

The  price  of  a  gasoline  shovel  of  this  capacity  equipped  with 
crawler  treads  is  approximately  .$12,000  delivered,  steam  shovels 
running  about  two-thirds  as  much. 

Motor  Trucks. — Except  where  their  use  is  confined  to  city 
pavements,  the  5-ton  truck  and  larger  sizes  are  being  superseded 
to  a  large  extent  by  the  smaller,  quicker,  ard  less  costly  units  of 
2  to  2%  tons.  The  latter  trucks  have  the  same  equipment  as  to 
automatic  dump  bodies  as  the  heavier  machines,  but  where  they 
are  used  for  concrete  operations,  they  handle  only  two  batches 
instead  of  five  or  more.  They  are  generally  equipped  with  pneu- 
matic tires  and  are  capable  of  speeds  of  25  to  30  miles  per  hour. 
They  are  more  easily  handled  on  turntables,  do  not  cut  up  the 
subgrade  as  much  as  the  large  trucks,  and  in  general  are  easier  to 
operate  and  to  keep  in  running  condition.  The  pneumatic  tires 
save  repair  bills  on  both  the  motor  and  hoisting  apparatus.  The 
bodies  are  made  in  a  large  number  of  types  but  generally  are 
rear  dump.  A  fair  average  cost  for  trucks  of  this  kind  is  $3000 
delivered. 

Crane. — The  use  of  a  portable  crane  is  one  of  the  recent  develop- 
ments brought  about  by  the  necessity  for  transfer  of  materials  for 
short  distances,  such  as  unloading  from  storage  cars  to  storage 
piles,  and  reloading  from  storage  piles  to  trucks  or  measuring  bins. 
No  contractor  at  the  present  time  wishes  to  depend  upon  daily 
shipments  of  stone  and  sand.  He  needs  a  storage  pile  of  each  as  a 
factor  of  safety  against  the  possibility  of  non-delivery  by  the  rail- 
road, and  while  this  means  an  extra  handling  of  the  material,  the 
cost  is  saved  by  the  guarantee  of  no  interruptions. 

One  of  the  most  elastic  units  is  shown  herewith  in  the  crane 
mounted  on  a  chassis  of  a  5-ton  truck.  The  crane  itself  is  driven 
by  a  separate  engine,  the  truck  motor  furnishing  only  the  power  for 
traveling.  The  machine  can  be  utilized  in  many  other  ways,  namely, 
the  pulling  of  stumps,  the  handling  of  heavy  timbers,  unloading 
and  laying  cast-iron  pipe,  digging  trenches  for  culverts,  etc.  The 
price  of  the  crane  complete  with  all  attachments  ready  for  mount- 
ing on  the  chassis  of  the  truck  is  approximately  $4650  delivered. 

Graders. — The  item  of  earth  excavation  in  highway  contracts 
is  one  that  for  many  years  has  been  a  source  of  trouble  and  loss 
to  the  contractor  rather  than  showing  a  possibility  of  profit.  Of 
course,  where  the  excavation  ran  sufficiently  high  so  that  most  of 
the  material  could  be  handled  with  power  shovels  and  taken  away 
by  motor  trucks,  there  was  less  complaint,  but  on  a  lighter  excava- 
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tion  running  3000  or  4000  yds.  per  mile,  the  work  if  done  by  hand 
was  almost  certain  to  be  a  losing  item. 

The  development  of  the  motor  grader  has  done  much  to  change 
these  conditions.  The  machine  weighs  from  6000  to  12,000  lb. 
according  to  size  and  power;  for  construction  on  rough  ground  it  is 
equipped  with  crawler  treads;  and  it  is  used  continuously  in  level- 
ing the  newly  dumped  material  or  in  combination  with  a  scarifier 
handles  light  excavating  work.  Except  in  the  case  of  the  elevating 
grader,  it  is  not  intended  to  pick  up  the  material  but  rather  to  push 
it  ahead  or  to  one  side,  and  there  are  cases  where  because  the  exca- 
vation in  general  average  thickness  was  too  small  for  economical 
use  of  a  power  shovel,  a  motor  grader  was  used  to  windrow  the 
excavated  material  so  that  the  power  shovel  could  pick  it  up  more 
easily. 

Motor  graders  with  rubber-tired  equipment  run  from  $1800 
to  $3300  according  to  power  plant  and  weight.  In  the  crawler 
type  they  run  from  $2100  up  to  $4300.  The  choice  of  machine 
depends  entirely  on  the  amount  and  character  of  work  to  be  done. 

For  maintenance  work  the  rubber-tired  equipment  works  to 
advantage.  It  can  travel  faster  than  the  crawler  tread,  but  of 
course  its  use  is  pretty  well  restricted  to  shoulder  work  on  hard- 
surface  roads  before  scarifying  and  reshaping  on  gravel  roads. 
No  wheeled  machine  will  work  satisfactory  in  sand  and  it  will 
bury  itself  by  its  own  tractive  efforts  in  mud. 

Road  Graders. — A  type  of  machine  seldom  seen  in  the  eastern 
part  of  this  country,  which,  however,  has  widespread  use  in  the 
middle  and  far  west,  is  the  elevating  grader.  The  chief  reason  for 
its  scarcity  in  the  eastern  territory  is  the  lack  of  sufficient  width 
of  the  highways  for  economical  handling  of  the  machine.  It 
consists  of  a  plow,  either  of  the  moldboard  or  disc  type,  and  the 
act  of  cutting  a  furrow  throws  the  material  on  a  moving  belt  which 
casts  it  to  one  side,  either  directly  into  an  embankment  or  into 
trucks,  wagons,  or  cars.  The  machine  travels  ordinarily  at  the 
rate  of  1%  miles  per  hour,  and  figuring  from  the  length,  width, 
and  depth  of  the  furrow,  theoretically  the  machine  will  deliver 
approximately  1500  cu.  yd.  of  earth  in  a  10-hr.  day. 

Of  course  not  all  theories  measure  up  in  actual  work  performed, 
but  bonafide  estimates  and  reports  from  contractors  using  the 
machine  show  an  average  of  1000  cu.  yd.  per  day  in  material 
which  can  be  easily  plowed.  The  elevating  grader  will  do  this 
work  from  one-fourth  to  one-third  cheaper  than  the  cost  of  other 
methods. 

Blade  Graders. — These  machines  are  intended  to  supplement 
the  use  of  elevating  graders,  steam  shovels,  and  all  other  means 
of  handling  earth,  by  cutting  off  the  high  spots  in  the  grade  and 
pushing  the  material  either  forward  or  to  one  side  into  low  spots. 
That  is  a. condensed  statement  of  the  work  which  graders  perform. 
It  is  true  that  they  are  utilized  particularly  with  a  back  sloper 
attachment  for  digging  ditches,  but  the  main  work  of  the  grader 
will  always  be  the  reshaping  of  subgrade,  either  in  cut  or  fill. 

The  graders  run  through  all  weights  from  1000  to  11,000  lb., 
pulled  by  one  team  or  a  10-ton  tractor  as  limits.     They  run  in 
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price  from  $150  to  $2500  according  to  equipment.  More  modern 
machines  have  leaning  wheels,  Timken  roller  bearings,  and  some- 
times attached  scarifiers.  When  used  for  maintenance  work, 
they  are  often  equipped  with  rubber  tires. 

Water  Pumps. — There  is  no  single  unit  in  the  contractors'  plant 
on  the  construction  of  concrete  roads  which  is  more  worthy  of 
quality  in  choice  and  performance  than  the  pump.  This  point 
has  been  emphasized  to  such  an  extent  as  to  have  two  pumps  on 
the  job,  one  to  cut  in  as  an  extra  in  case  anything  should  happen 
to  the  one  in  use.  If  the  water  stops,  the  concrete  stops,  and  the 
whole  job  is  disorganized,  (a)  Duplex  pump  and  engine  mounted 
on  one  truck  with  a  capacity  of  40  gal.  per  minute,  175  pounds 
pressure,  maximum  head  407  feet,  costs  approximately  $620.00;  a 
single  unit  with  a  capacity  of  80  gallons  per  minute,  working  under 
a  pressure  of  500  pounds  maximum  head  of  n 25  feet,  would  cost 
$1630.00.     Both  prices  f.o.b.  destination. 

The  above-listed  equipment  covers  what  might  be  called  the 
average  list  of  units  which  the  highway  contractor  needs  continu- 
ously. There  are  a  large  number  of  special  tools  which  he  needs 
only  occasionally,  and  it  is  not  necessary  in  a  book  of  this  kind  to 
go  into  specialized  equipment  such  as  air  compressors,  pile  drivers, 
pavement-cutting  tools,  etc.  When  a  unit  of  this  kind  is  needed, 
the  contractor  generally  figures  it  for  one  job  only  and  charges  the 
entire  cost  and  depreciation  for  the  one  job  which  it  is  to  perform. 
This  procedure  puts  this  type  of  equipment  in  a  different  classifica- 
tion from  the  list  given  above,  which  can  be  utilized  on  practically 
every  job  at  sometime  or  other. 


WATER  SUPPLY  DATA  FOR  CONCRETE  PAVING* 

The  State  Highway  Department  of  Pennsylvania  has  com- 
piled the  following  information  for  use  in  determining  the  sizes  of 
pipe  line  to  be  used  for  the  water  supply  on  concrete  paving  pro- 
jects. The  information  is  based  upon  50%  of  the  water  being 
required  for  curing  and  50%  being  required  for  the  mixer  and  sub- 
grade  curing.  The  department  states  that  if  calcium  chloride  is 
used  for  curing  the  amount  of  water  required  for  the  lengths  paved 
per  hour  can  be  reduced  one-half. 

The  tables  given  under  the  sizes  of  pipe  lines  are  figured  without 
modifications  for  head,  and  the  table  at  the  bottom  of  the  tabu- 
lation gives  the  information  for  the  correction  for  the  head. 

The  tables  are  based  on  a  requirement  of  8000  gal.  of  water  for 
100  ft.  of  paving  apportioned  as  follows:  Y2  for  curing,  Y±  for  sub- 
grade,  yi  for  mixer.  The  pavement  is  assumed  to  be  18  ft.  wide. 
The  head  given  is  based  on  friction  loss  only.  To  this  must  be 
added  the  height  of  the  outlet  of  the  pipe  above  the  source  of 
supply. 

*  Road"  and  sl-r^°ts.  May,  1927. 
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Water  Supply  Data 
Loss  of  head  due  to  friction  in  steel  pipes  for  water  used  in  paving 


Length 

paved 

per  hr. 

ft. 


Gal. 
water 

re- 
quired 
per  hr. 


V 

feet 
per  sec. 


Length  of  pipe 


V2 

mi. 


I 

mi. 


mi. 


2'A 


3 

mi. 


2-inch  pipe 


2000 

2400 

2800 

3200 

3600 

So 

4000 

60 

4800 

70 

5600 

80 

6400 

90 

7200 

100 

8000 

3-  188 
3.825 
4-403 
5-  100 
5.738 
6.37 
7.65 
8.92 
10.  20 
11.47 
12.75 


79 

158 

237 

3  16 

395 

III 

222 

333 

444 

556 

148 

296 

445 

593 

741 

190 

381 

571 

761 

952 

237 

474 

711 

948 

1 186 

288 

577 

866 

1 155 

1444 

406 

812 

12  18 

1624 

2030 

542 

1083 

1625 

2  167 

2708 

695 

139  1 

2086 

2781 

3477 

867 

1733 

2600 

3466 

4333 

1055 

2  III 

3166 

422  I 

5277 

474 
667 
889 
1 142 
1423 
1732 
2436 
3250 
4172 
5200 
6332 


2H-inch  pipe 


50 
60 
70 
80 
90 
100 


2000 
2400 
2800 
3200 
3600 
4000 
4800 
5600 
6400 
7200 
8000 


233 
679 
126 
572 
o  19 


4-47 
5.36 
6.25 
7-  15 
8.04 
8.93 


33 

65 

98 

130 

163 

46 

91 

137 

183 

229 

61 

122 

183 

244 

305 

78 

157 

235 

313 

392 

98 

195 

293 

390 

488 

119 

238 

357 

476 

595 

167 

335 

502 

669 

836 

223 

446 

669 

893 

1 1 16 

286 

573 

859 

1 146 

1432 

357 

7  14 

107  I 

1428 

1785 

435 

870 

1304 

1739 

2174 

195 

274 
366 
470 
586 
714 

1004 

1339 
17 19 

2  I42 
2609 


3-inch  pipe 


50 
60 
70 
80 
90 
100 


2000 
2400 
2800 
3200 
3600 
4000 
4800 
5600 
6400 
7200 
8000 


1.448 

II 

22 

33 

44 

55 

1.737 

16 

31 

47 

62 

78 

2.027 

21 

41 

62 

83 

104 

2.316 

27 

53 

80 

106 

133 

2.606 

33 

66 

99 

132 

166 

2.89 

40 

80 

12  I 

161 

20  1 

3.47 

57 

113 

170 

226 

283 

405 

75 

15  1 

226 

302 

377 

463 

97 

194 

291 

388 

485 

5-21 

12  1 

242 

362 

483 

604 

5.79 

147 

294 

441 

588 

736 

66 
93 
124 
159 
199 
241 
339 
453 
581 
725 
882 


Head, 

Pressure 

Head, 

Pressure 

Pressure 

Head, 

Pressure 

Head, 

ft. 

per 

ft. 

per 

per 

ft. 

per 

ft. 

sq.  in. 

sq.  in. 

sq.  in. 

sq.  in. 

10 

4 

200 

87 

4 

9-2 

50 

115 

20 

9 

300 

130 

5 

.     II- 5 

60 

138 

30 

13 

400 

174 

6 

13.8 

70 

161 

40 

17 

500 

2  17 

7 

16.  1 

80 

184 

50 

22 

600 

260 

8 

18.4 

90 

207 

60 

26 

700 

304 

9 

20.  7 

100 

230 

70 

30 

800 

347 

10 

23 

200 

461 

80 

35 

900 

391 

20 

46 

300 

691 

90 

39 

1000 

434 

30 

69 

400 

922 

100 

43 

2000 

868 

40 

92 

Soo 

1152 
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The  formula  used  is  the  Hazen- Williams  Formula: 

lvi.87  .  . 

H  =  K  -= m  which 

di.25 

H  =  loss  of  head  due  to  friction 

K  =  .00038 

1  =  length  of  pipe  in  feet 

v  =  velocity  of  water  in  feet  per  second 

d  =  diameter  of  pipe  in  feet 

A  2     -in.  pipe  =  2.067  internal  diameter. 

A  2^2 -in.  pipe  =  2.469  internal  diameter. 

A  3     -in.  pipe  =  3.068  internal  diameter. 

How  the  Tables  Are  Used. — Example  (1): 

Estimated  progress  of  paving  70  ft.  per  hour.     Water  required — 

5600  gal.  per  hour. 

Maximum  water  pressure  in  pump — 150  lbs.  per  square  inch. 

Pipe  2-in.  diameter,  pump  12  ft.  above  level  of  supply.     Outlet 

40  ft.  above  pump. 

How  far  from  the  pump  can  the  work  be  supplied? 

150  lb.  pressure  =  345  ft.  head  as  per  conversion  table.     345  — 

12  —  40  =  293  ft.  net  head. 

The  head  required  for  1  mile  of  pipe  is  1083  ft.     Distance  water 

can  be  supplied  =  — —  =  M  mile. 
1083 

Example  (2): 
Estimated  progress  of  paving — 70  ft.  per  hour. 
Maximum  water  pressure  in  pump — 500  lb.  per  sq.  in. 
Maximum  distance  water  must  be  forced  =  2^  miles. 
What  size  pipe  is  required? 
500  lb.  =  total  water  pressure  available,  which  corresponds  to  11 52 

ft.  head. 
2-in.  pipe  under  these  conditions  requires  2706  ft.  head  or  11 75  lb 

pressure  and  is  too  small. 
2  %  -in.  pipe  is  necessary  and  requires  n  16  ft.  head;  which  cor- 
responds to  484  lb.  pressure. 
A  3-inch  pipe  requires  337  ft.  head  which  corresponds  to  163  lb 

pump  pressure. 

Example  (3): 
Estimated  progress  per  hour  =  90  ft. 
Distance  water  must  be  forced  =  2^  miles.     What  horsepowei 

and  pressure  are  required? 
2-in.  pipe  requires  4333  ft.  head  by  table  or  1880  lb.  pressure. 
Water  required  =  7200  gal.  per  hr.  =  2  gal.  per  sec.  =  16.7  lb.  pei 

sec. 
16.7  by  4333  =  72,360  ft.  lb.  per  sec.  -j-  550  =  132  horsepower. 
2  3^ -in.  pipe  would  require  1785  ft.  head  by  table  or  775  lb.  pressure 
16.7  by  1785  -T-  550  =  54  horsepower. 

3-in.  pipe  would  require  604  ft.  head  by  table  or  250  lb.  pressure. 
16.7  by  604  4-  550  =  18  horsepower. 
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CENTAL  SCHEDULE  FOR  ESTIMATING  CONSTRUCTION 
EQUIPMENT  EXPENSE1 

A  schedule,  evolved  from  the  records  and  experiences  of  con- 
tractors, manufacturers,  and  rebuilders  of  equipment,  and  designed 
to  furnish  contractors  with  a  practical  means  for  estimating  equip- 
ment expense  and  determining  adequate  rental  charges  has  been 
approved  by  the  Executive  Board  of  the  Associated  General 
Contractors.  The  schedule,  which  was  prepared  by  the  Research 
Division  under  the  direction  of  the  Committee  of  Methods  of  the 
Association,  is  printed  in  the  November  Bulletin  of  the  Associated 
General  Contractors.  The  schedule  and  discussion  of  its  applica- 
ion  follow. 

To  use  the  schedule  with  safety,  it  is  essential  to  understand 
low  the  amounts  were  obtained,  how  they  are  to  be  applied,  and 
how  they  are  limited  for  determining  rental  charges.  Knowing 
these  things,  no  great  difficulty  should  be  found  in  establishing 
the  charges  within  the  bounds  of  practical  accuracy. 

For  the  reason  that  arithmetical  averages,  as  obtained  from 
available  records,  gave  few  rational  values  for  depreciation  and 
repairs,  such  averages  were  given  less  weight  in  establishing  the 
tabular  amounts  than  the  practical  experience  of  contractors, 
[n  fact,  the  strongest  evidence  that  these  amounts  are  reasonably 
afe  and  accurate  lies  in  the  endorsement  given  them  by  experienced 
general  contractors. 

A  tentative  draft  of  the  schedule  was  submitted  to  members  in 
he  Weekly  Bulletin  of  July  31.  They  were  asked  to  criticise  the 
imounts  and  offer  suggestions.  In  accordance  with  the  criticism 
received,  which  evinced  considerable  study  upon  the  subject, 
3ome  of  the  tabular  amounts  were  changed.  As  it  now  stands,  the 
schedule  represents  the  consensus  of  opinion  of  many  contractors, 
and  with  the  proper  understanding  of  what  the  percentage  amounts 
mean,  it  should  offer  a  safe  means  of  estimating  rental  charges. 

What  the  Values  Mean. — The  endless  variation  of  job  conditions, 
such  as  topography,  ground  formation,  and  climate,  indicate  how 
great  may  be  the  error  of  any  fixed  equipment  charge  when  applied 
to  the  exceptional  job.  But  having  figures  which  represent  the 
mean  of  many  projects,  a  starting  point  exists  for  ascertaining 
easonable  charges  for  the  exceptional  circumstances.  Figures 
given  in  the  standard  schedule  may  be  said  to  show  equipment 
xpense  when  machines  are  not  required  to  operate  continuously 
under  either  the  worst  or  the  best  of  operation  strain.  When  no 
especially  favorable  or  unfavorable  circumstances  attend  a  project, 
the  tabular  values  probably  give  the  expense  within  a  permissible 
error. 

To  eliminate  error  as  far  as  possible  by  permitting  consideration 
and  comparison  of  the  individual  items  that  make  up  equipment 
expense,  the  gross  amounts  are  reduced  to  their  component  parts. 
Thus  any  item  of  the  expense  which  is  known  to  be  unusually  high 
in  specific  cases  may  be  adjusted  in  the  schedule  to  obtain  a  more 
appropriate  rental  rate. 

1  General  Contractors'  Association. 
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Components  of  Expense. — Seven  items  of  equipment  expense 
constitute  the  total  rental  charge  and  require  consideration  in 
estimating  a  lump-sum  contract  or  in  determining  fixed-rate  rentals. 
An  average  value  for  each  of  these  items  which  represent  the 
expense  of  a  general  contractor's  outfit  as  a  whole  has  been  approved 
by  the  Executive  Board.  The  items  referred  to  and  their  annual 
proportions  of  the  initial  cost  of  the  equipment  are  as  follows: 

Schedule  of  Typical  Rental  Charge. — Items  of  expense  are 
expressed  as  per  cents  of  original  capital  investment  for  equipment 
having  a  useful  life  of  6  years  and  a  salvage  value  of  25  %  of  the 
original  cost. 

% 

1.  Average  depreciation ! 12^ 

2.  Equivalent  annual  interest  at  63^  % 4 

3.  Shop  repairs 6 

4.  Field  repairs 4 

5.  Storage  and  incidentals 3^ 

6.  Insurance 1 

7.  Taxes 1 

Total  annual  expense 32 

Equivalent  expense  on  basis  of  8  months  work- 
ing time  per  year 48 

Rental  rate  per  month 4 

How  to  Obtain  Proper  Percentage. — These  percentages  and 
those  given  in  the  detailed  schedule  were  determined  according  to 
the  following  principles: 

The  economical  life  of  a  machine  is  considered  to  end  when  its 
value  has  depreciated  to  25%  of  the  original  cost.  The  average 
annual  depreciation  then  amounts  to  75%  of  the  initial  cost 
divided  by  the  number  of  years  it  may  be  expected  to  give  service. 
The  initial  cost  of  a  machine  is  represented  by  the  cost  of  that 
machine  delivered  at  the  contractor's  yard. 

Interest  should  naturally  be  charged  at  the  prevailing  rate. 
This  may  be  computed  in  three  ways: 

1.  By  charging  the  prevailing  rate  each  year  on  the  depreciated 
value  of  the  machine. 

2.  By  charging  the  prevailing  rate  each  year  on  the  average 
value  of  the  machine  during  economical  life.  For  example,  when 
the  salvage  rate  value  is  25%  the  average  value  equals  (100%  -f- 
25%)  divided  by  2  =  62)4%. 

3.  By  finding  the  proportion  which  the  average  value  is  of  the 
initial  cost  and  charging  this  proportion  of  the  prevailing  rate 
each  year.  This  proportion  is  called  the  equivalent  annual  interest 
and  shows  what  interest  rate  on  original  cost  will  yield  the  same 
interest  as  the  prevailing  rate  when  applied  to  the  depreciating 
value  of  the  machine.  This  is  the  method  used  in  the  above 
schedule.  The  average  value  is  62^%  of  the  original;  therefore, 
the  equivalent  annual  rate  is  62^%  of  the  prevailing  rate,  or  62^2 

%of6>^%  =  4%. 

Shop  and  field  repairs  are  separated  by  reason  of  a  previous 
recommendation  of  the  Committee  on  Methods  that  field  repairs 
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ble  223^4. — Rental  Schedule  for  Construction  Equipment 


Items  of  equipment 
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sphalt  mixing  plant. . 

uto  crane 

uto  truck 

uto  trailer 

ackfiller,  power 

allast  spreader 

oiler,  upright 

oiler,  locomotive.  . 

ucket,  clam  shell 

ucket,  orange  peel. . .  . 

ucket,  dragline 

ars,  steel  dump 

ars,  wood  dump 
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ars,  hopper 
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ompressor,  gasoline.  .  . 
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orms,  steel  concrete .  . 
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[oist,  electric. 
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Standard  gage 

Crane,  steam 

Crane,  electric 
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Table  223,4. — Continued 


Items  of  equipment 
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Mixer,  steam 

Mixer,  gasoline 

Mixer,  electric 

Mixer,  paving  steam 

Mixer,  paving  gas 

Motors 

Pile  driver,  steam 

Pile  driver,  track 

Pile  hammer,  steam 

Pipe,  galvanized 

Plows... ; 

Pneumatic  concrete  machine 

Pump,  centrifugal 

Pump,  piston 

Pump,  pulsometer 

Pump,  Emerson 

Rails 

Riveter,  air 

Rock  channeler 

Roller,  steam  road 

Saw  rigs 

Scraper,  wheel 

Scraper,  slip 

Scraper,  Fresno 

Shovel,  steam 

Shovel,  gasoline 

Shovel,  electric 

Switches,  fabricated 

Tower,  steel  hoist 

Tractor,  wheel  gas 

Tractor,  caterpillar 

Wagons,  dump 

Wagons,  hauling 

Wagon  loaders,  power 
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be  considered  a  part  of  the  cost  under  cost  plus  contracts  and  sh 
repairs  be  borne  by  the  contractor  and  covered  by  the  fixed-rs 
rental  charge.  This  recommendation  was  made  on  the  grou 
that  an  owner  should  not  be  made  to  pay  the  total  cost,  for  examp 
of  re-fluing  a  boiler  which  may  have  been  burned  out  principa 
on  another  owner's  work. 

The  other  items  of  cost  require  no  special  explanation. 

Three  Types  of  Charges. — Owners  of  equipment  find  occasi 
to  establish  rental  rates  as  follows: 

1.  For  a  lump  sum  or  unit  price  estimate. 

2.  To  owners  on  cost  plus  work. 

3.  To  others  than  client  owners. 

In  these  instances  charges  should  be  made  as  follows: 
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1.  The  rental  charge  or  equipment  expense  for  lump  sum  work 
eludes  all  the  items  mentioned  above. 

2.  The  fixed  rate  to  owners  on  cost  plus  work  will  include  all 
ut  field  repairs,  if  this  item  is  paid  as  a  cost  of  the  work.  To 
le  amount  thus  determined  may  be  added  a  service  charge 
spending  upon  the  policy  of  the  contractor,  i.e.,  whether  the 
:rvice  of  equipment  is  included  in  the  profit  fee  or  carried  in  the 
;ntal  charge. 

3.  The  charge  to  persons  other  than  client  owners  includes  all 
:  the  items  of  expense  and  an  additional  amount  for  profit  or 
iyment  for  the  machine's  earning  power. 

A  further  consideration  in  each  of  these  cases  is  the  rate  for 
Duble-shift  work,  where  the  percentages  for  depreciation  and 
pairs  should  be  doubled,  or  nearly  so. 

Individual  Judgment  Essential. — The  committee  desires  to 
nphasize  the  fact  that  the  values  presented  in  the  table  should  not 
:  considered  absolute  in  determining  a  rental  charge.  A  real 
mger  presents  itself  in  using  any  tabular  percentage  without 
vestigating  the  conditions  under  which  the  equipment  is  to  work, 
o  illustrate:  If  the  values  here  given  for  a  standard-gage  shovel 
itfit  were  applied  to  such  an  outfit  engaged  constantly  in  excavat- 
g  hard  rock,  the  probability  is  that  the  charges  allowed  would  not 
>ver  more  than  half  the  expense.  The  frequent  dobey  shots  and 
e  dropping  of  heavy  boulders  into  cars  entails  a  higher  rate  of 
>preciation  and  repairs  than  is  given  in  the  schedule.  On  the 
her  hand,  if  this  shovel  outfit  were  steadily  engaged  in  digging 
ndy  loam,  the  values  given  in  the  table  would  probably  cause 
e  equipment  charge  to  contain  a  fair  per  cent  of  profit. 
It  is  with  the  understanding  that  individual  judgment  and 
perience  should  adjust  the  tabular  values  to  meet  unusual  con- 
tions  that  this  schedule  is  offered  to  contractors. 
Individual  Equipment  Rental  Schedule. — The  component 
:penses  incurred  by  the  ownership  and  maintenance  of  construc- 
m  plant  are  expressed  in  this  table  as  percentages  of  the  initial 
1st  for  individual  items  of  equipment.  They  indicate  the  proba- 
e  annual  expense  without  profit  under  ordinary  job  conditions 
id  should  be  included  in  any  lump-sum  estimate  or  in  determining 
tne-rate  rental  charges.  The  salvage  value  in  all  cases  is  con- 
iered  to  be  25  per  cent  of  the  initial  cost. 

Total  percentage  amounts  in  the  extreme  right-hand  column 
ould  be  applied  to  the  total  cost  of  a  machine,  including  charges 
r  transportation  from  the  factory.  This  gives  the  total  annual 
arge  which  for  a  lump-sum  contract  covering  a  full  season,  is 
e  total  equipment  expense.  For  determining  a  monthly,  weekly, 
daily  rental  rate  the  annual  amount  is  divided  by  the  number  of 
ch  periods  in  the  year  during  which  construction  work  may 
:  carried  on. 

Table  223I?  giving  rental  rates  for  grading  equipment  has  been 
mpiled  by  F.  J.  Herlihy,  of  Minneapolis,  Minn.  The  table, 
tiich  is  reprinted  below,  shows  the  original  capital  cost  of  his  equip- 
ent,  depreciation  charges,  average  earning  days  per  year,  daily 
arge  for  interest,  depreciation,  insurance  and  storage,  and  total 
tily  rental  charge: 
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1260  COST  DATA 

RENTAL    CHARGES    FOR   CONSTRUCTION  EQUIPMENT 

In  connection  with  the  preparation  of  a  standard  list  of  renta 
charges  for  construction  equipment,  a  committee  of  the  Associatec 
General  Contractors  of  America  has  been  collecting  informatior 
as  to  the  practice  of  various  contractors  in  this  matter.  In  tht 
January  10, 1920  News  Letter  of  the  association  the  following  schedule 
of  rental  charges,  submitted  by  an  eastern  contractor,  is  given 

Table  22.3C 

Weekly 

Equipment  Rental 

Boiler,  only,  30  hp.  and  smaller $12 .00 

Boiler  only,  30  to  60  hp ••  •  •  16.00 

Bucket,  clam  shell,  %  yd 15  00 

Cars,  skip,  iH  yd 2  .00 

Cars,  steel,  1  yd.  and  smaller 1 .  50 

Crusher  only,  Acme  No.  9M ' .  .  22  .  00 

Cutter,  bar  portable,  with  motor '. 9 .  50 

Derrick,  30  to  59',  wooden,  homemade 3 .00 

Drill,  small  air 3  ■  00 

Drill,  steam 4 .  50 

Elevator,  platform  or  bucket,  1  yd 2.00 

Engine,  skeleton,  2-drum,  20  hp 8 .00 

Engine,  gasoline,  to  8  hp 3  .  00 

Engine,  gasoline,  10  hp 5  .00 

Leveling  instrument,  engineers' 1 .  50 

Mixers,  with  gasoline  engine,  11  to  15'  cap ......  IS  .00 

Motors,  2  hp 1 .  SO 

Motors,  S  hp , 2.50 

Motors,  10  hp 3  •  SO 

Motors,  25  hp S  •  00 

Motors,  50  hp 9-00 

Pumps,  centrifugal,  10  in.,  belt  driven,  with  engine 7  .00 

Pumps,  pulsometer,  to  4  in 6 .00 

Pumps,  3-in.,  with  gasoline  engine. 3  -500 

Pumps,  diaphragm,  with  gasoline  engine 3  -5 

Saw  benches,  plain .  . _ 3  ■  00 

Saw  benches,  plain,  with  motor  or  gas  engine  attached 5  -50 

Saw  swing  cutoff,  no  power 1 .00 

Steam  shovels,  revolving,  traction,  per  day 24.00 

Transit 2  .  00 

1  Per  day. 

In  submitting  the  list,  the  contractor  wrote  as  follows  concernin; 
his  firm's  policy  on  equipment  rental: 

The  plant  rental  sheet  was  revised  the  first  of  this  year  and  wi] 
be  revised  again  for  another  year,  probably  upwards.  Our  renta 
basis  for  our  own  work  is  entirely  that  of  replacement  cost.  AJ 
plant  costing  $150  or  more  whose  life  extends  over  a  period  0 
years  or  over  several  jobs  is  shown  on  our  detailed  list,  which  i 
compiled  from  our  experience  of  the  probable  life  of  each  tool 
There  are  three  classes: 

Class  A — Tools  which  will  last  through  50  weeks  of  continuou 
work. 

Class  B — Tools  which  will  last  through  75  weeks  of  continuou 
work. 

1  Engineering  Contracting,  Jan.  21,  1920. 
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Class  C — Tools  which  will  last  through  100  weeks  of  continuous 
vork. 

Our  rental  is  sufficient  to  produce  enough  revenue  to  make  extra- 
rdinary  repairs  and  to  replace  the  plant  at  the  end  of  this  length  of 
ime. 

You  will  find  that  these  rentals  are  uniformly  low  because  they 
.re  at  cost  to  ourselves  and  apply  on  jobs  where  we  are  operating 
he  plant.  These  plant  rentals  go  into  a  cost  plus  or  fixed  fee 
ontract  as  a  part  of  the  job  cost  on  which  profit  is  figured. 

If  we  rented  the  plant  to  outsiders  we  would  charge  about  half 
s  much  again  for  it. 

Our  method  of  handling  small  tools  such  as  shovels,  picks,  ham- 
ners,  etc.,  is  to  charge  their  entire  cost  to  the  job.  If  they  are 
vorn  out  they  become  part  of  the  job  cost.  At  the  completion 
i  the  work  an  inventory  is  taken  and  each  tool  is  appraised  in 
ooperation  with  a  representative  of  the  owner.  We  have  five 
grades:  (1)  New,  100%  of  first  cost;  (2)  good,  75%;  (3)  fair,  50%; 
4)  poor,  25%;  (5)  worthless,  0%.  We  take  them  back  as  per 
nventory. 


?able    224  A. — Typical    Equipment    Water-bound    Macadam 

Roads 
Local  stone.     5  miles  per  season 


Equipment  item 


Approximate  first 
cost  1926 


Yearly  depreciation, 

interest,  repair, 

taxes,  etc. 


Grading  equipment  (p.  1126).. 
Air  compressor  and  drill  outfit 

Crushing  outfit 

Pumping  outfit 

Pipe  line,  4  miles  ± 

Roller    (included    in    grading 

equip.) 

Wagons  or  trucks 1 

Small  tools 


Totals 

Moving  plant  on  job. 


Total  yearly 

Approximate  per  mile 

Approximate  per  cubic  yard 
macadam2 


8,000  to  530,000 

to      3,000 

5,000  to      6,000 

800  to       1,500 

3,000  to       5,000 


1,500  to 
500  to 


10,000 
1,000 


$18,800  to  $56,500 


$  2,000  to  $11,000 

tO  1,200 

1,200  tO  1,500 

200  tO  500 

1,500  to  2,000 


1,000  to   5,000 
500  to   1,000 


$6,400  tO  $22,200 
1,000  tO    2,000 


7,500  to  $24,000 
1,500  to      5,000 

0.50  tO  1.20 


1  Hauling  often  sublet. 

2  Based  on  18'  road  12"  deep  (grading  overhead  not  included). 
Note.— Quarry  Qutfit  not  needed  if  boulder  stone  is  used. 
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Table    2245. — Typical    Equipment    Water-bound     Macadai 
Imported  stone.     5  miles  per  season 


Equipment  item 


Approximate  first 
cost  1926 


Approximate 
yearly  depre- 
ciation, repairs, 
interest,  taxes,  etc. 


Grading  equipment  (p.  1126).. 
Elevator    or    crane    unloader 

and  storage  bin 

Pumping  outfit 

Pipe  line 

Wagons  or  trucks1 

Small  tools 


Totals 

Moving  plant  on  job . 


Total  yearly 

Approximate  per  mile 

Approximate  per  cubic  yard 
macadam- 


$  8,000  to  $30,000 


2,000  to 

800  to 

3,000  to 

1,500  to 

400  to 


10,000 
1,500 
5.000 

10,000 
800 


$16,000  to  $57,000 


$2,000  to  $11,000 


500  to 

200  to 

1,500  to 

1,000  to 

400  to 


2,500 

500 

2,000 

5,ooo 

800 


$5,600  to  $21,800 
500  to   1,000 


$6,100  to  $23,000 
1,200  to   4,600 

o .  40  to    I  .  00 


1  Hauling  often  sublet. 

2  Based  on  3500  cu.  yd.  per  mile  (grading  overhead  not  included). 


Table     224C. — Typical     Equipment     Bituminous     Macadai 
Local  stone.     5  miles  per  season 


Equipment  item 


Approximate  first 
cost  1926 


Approximate 
yearly  depre- 
ciation, repairs, 
interest,  etc. 


Grading  equipment  (p.  1126).  .  . 
Air  compressor  and  drill  outfit.  . 

Crushing  outfit 

Wagons  or  trucks1 

Pressure  distributor2 

Small  tools 


$  8,000  to  $30,000 


to 
5,000  to 
1,500  to 

to 
500  to 


3,000 
6,000 

10,000 

9,000 

1,000 


Totals 

Moving  plant  on  job . 


$15,000  to  $59,000 


Yearly  total 

Approximate  per  mile 

Approximate    per  cubic  yard 
macadam3 


$2,000  to  $11,000 

to       1,200 

1,200  to 

1,000  to 

to 

500  to 


1.500 
5,000 
4,000 

1,000 


$4,700  to     23,700 

1,000  tO         2,000 


$6,000  to  $26,000 
1,200  to   5,000 

0.35  tO  1.20 


1  Often  sublet. 

2  Generally  sublet. 

8  Based  on  3500  cu.  yd.  per  mile  (grading  overhead  not  included). 
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able     224D. — Typical    Equipment     Bituminous     Macadam 
Imported  stone.     5  miles  per  season 


Equipment  item 


Approximate  first 
cost  1926 


Approximate 
yearly  depre- 
ciation, repairs, 
interest,  etc. 


Grading  equipment  (p.  11 26). 

Unloading  outfit 

Wagons  or  trucks1 

Pressure  distributor2 

Small  tools 


Totals 

Moving  plant  on  job. 


Yearly  total 

Approximate  per  mile 

Approximate  per  cubic  yard 
macadam3 


$  8,000  to  $30,000 

2,000  to     10,000 

1,500  to     10,000 

to      9,000 

500  to       1,000 


$12,000  to  $60,000 


52,000  to  $11,000 

500  to  2,500 

1,000  to  5,000 

to  4,000 

500  to  1,000 


(..ooo  to  $23,500 
800  to   1,500 


>5,ooo  to  25,000 
1,000  to   5,000 

0.30  to    I.  10 


1  Often  sublet. 

2  Generally  sublet. 

3  Based  on  17,000  cu.  yd.  per  season  (grading  overhead  not  included). 


able    224E. — Typical    Equipment    Cement-concrete    Pave- 
ments and  Bases 

Imported  materials 


Equipment  item 

Approximate  first 
cost  1926 

Yearly  depreciation, 

interest,  repairs, 

etc. 

Grading  equipment  (p.  11 26).. 
Concrete  equipment  (p.  1 144) . 

Totals 

$  8,000  to  $30,000 
21,000  to    38,000 

$    2,000  to  $11,000 
11,000  to    20,000 

$29,000  to  $68,000 

$13,000  to    31,000 
1,000  to       2,000 

$14,000  to  $33,000 
0 .  90  to        2 .  00 

Approximate    overhead    per 
cubic  yard  concrete  based 
on  15,000  cu.  yd.  per  year. 
Grading      overhead      not 

Note. — Where  local  materials  are  required,  use  items  from  Table  224A 
•  production  of  local  material  product  and  eliminate  special  car  unloading 
[uipment. 
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Table     224F. — Typical     Equipment     Bituminous     Concre 

Surface  Coats 

Topeka   and   sheet  asphalt.     100   to    150   tons   daily   outpul 


Equipment  item 


Approximate  first 
cost  1926 


Yearly  depreciatio 
interest,  repair,  el 


Portable  car  plant 

Elevator  or  crane  unloader  and 

bin 

Trucks 1 

Tandem  roller 

Small  tools 


Total. 
Moving. 


Total  yearly 

Approximate  per  ton  of  mix2 


$20,000  to  $30,000 


3,000  to 

to 

3,000  to 

500  to 


10,000 

30,000 

4,000 

1,000 


$27,000  to  $75,000 


$  8,000  to  $12,00 


800  to 

to 

600  to 

500  to 


2,50 

15.00 

80 

1,00 


$10,000  to  $31,00 
500  to       1,00 


$10,500  to  $32.00 

0.70      tO         2.1 


1  Hauling  often  sublet  which  materially  reduces  initial  investment. 

2  Based  on  15,000  tons  seasons  output. 


Table    224G. — Typical   Equipment   Small-span   Bridge    Cc 

tracts 


Equipment  item 


Approximate  first 
cost  1926 


Yearly  deprecia 

tion,  interest, 

repair,  etc. 


Truck  clam-shell  crane  for  unload- 
ing materials,  steel,  stone,  sand, 
etc.,  and  for  foundation  excava- 
tion  

Pile-driving  outfit,  drop  hammer 
or  steam  hammer 

Pumping  outfit 

Small  tractor 

One-bag  batch  concrete  mixer.  .  . 

Trucks  or  wagons1 

Air  compressor,  drill,  and  riveting 
outfit 

Small  tools 


Totals 

Moving  plant  on  job  . 


to  $  9,000 


1,500  to 
200  to 

to 
700  to 

to 

to 
300  to 


3,000 
1,000 
1,000 
1,000 
3,000 

3,000 
500 


$3,000  tO  $22,000 


tO  $2,50( 


400  to 

50  to 

to 

350  to 

to 


800 
250 
300 
500 
2,000 


to     1,200 
300  to        500 


$1,100  to  $8,00' 
200  to        500 


1  Distributed  over  season's  work  which  generally  amounts  to  about  6 
10%  of  the  contract  amount. 

2  Hauling  generally  sublet  on  small  jobs. 
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New  York  State  (Cement  Concrete  Pavement) 


Length, 
miles 

Width, 
feet 

Thick- 
ness, 
inches 

Mix 

Reinforcement 

Cubic 
yard 
price1 

Herkimer     County,     Highway     8239,    Cold    Brook — Nobleboro 

8.23 

18 

7-6-7 

1:  }}£•  3 

Marginal  bars          $7 .  00 

lleghany   County,    Road   8236,    Cuba — Black  Creek,    Route  2 

2.30 

18 

7-6-7'         1:1^:3 

Marginal  bars 

58.50 

Broome  County,  Repair  Contract  3126,  Kirkwood 

2 

18 

7-6-7 

1  :iH=  3 

40  mesh  and  area 
bars 

$9.00 

attaragus  County,  Road  1713,  Pennsylvania  State  Line — Portville 

1. 91 

18 

8-7-8 

i:M:3 

Marginal  bars 

$7-50 

Chenango  County,  Road  8216,  Coventryville — Bambridge 

6.78 

18 

7-6-7 

1:  IJ4-.3 

Marginal  bars 

$8.00 

Columbia  County,  Road  1753,  Stuyvesant — Castleton 

5-42 

18 

8-7-8 

1:  iM:  3 

Marginal  bars 

$7- 80 

1  Cement  and  reinforcement  not  included. 
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New  Jersey  State 

Length, 
miles 

Width, 
feet 

Thick- 
ness, 
inches 

Mix 

Reinforce- 
ment 

Square  yard 
price 

Atlantic  County — Absecon,  Route  3,  Section  14 

1.78 

29 

8 

1:  iH'-SM 

Single  line 

$2.  75  including 
cement  and  re- 
inforcement 

Henderson    County,    State    Route     o,    White    House — Lebano 

4 

20-30                8 

1:1%:  3H 

121  lb. 

$3-20 

Middlesex  County,  St.  George  Ave.,  State  Route  4,  Section  3 

4.01 

20-50 

9 

1:  i^:3H 

121  lb. 

$3-20 

Middlesex   County,    State   Route   4,    Section    25,  South  Ambo 

2.81 

29-40 

9 

1:  i%:3K 

121  lb. 

$3    10 

Monmouth  County,  Route  4,  Section  4,  Keyport  Cutoff 

1. 31 

29 

9 

1:  iH:  3M 

121  lb. 

S3- OS 

Morris  County,  Dover,  Route  5,  McFarland  St. 

1. 25 

20-40 

8 

i:iH~3M 

121  lb. 

$3  00 

• 

BID  PRICES 

Connecticut  State 
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Length, 
feet 

Width, 
feet 

Thick- 
ness, 
inches 

Mix 

Reinforcement       Cubi?  yfrd 
price1 

Hartford  County — E.  Windsor 

1,650 

18 

8 

1:  2:  3M 

17.23  cu.  yd. 

$10.00 

New  Haven  County,  Middletown — Durham 

28,720 

20 

8 

1:  2:  3K 

1 
15-74  cu.  yd.    j          $8.  20 

Windham  County,  Willimantic — Putnam  Road 

19.320 

18 

8 

1:  2:  3H 

17.  23  cu.  yd. 

$8.43 

Litchfield  County,  Torrington — Goshen  Road 

7.492 

20 

8 

1:  2:  3 

Rods 

$9.08 

Middlesex  County,  East  Hampton 

14.790 

20 

8 

1:  2:  3 

Rods 

$10.00 

New  Haven  County,  Waterbury  Turnpike 

21,975 

20 

8 

1:  2:  3 

Rods 

7-43 

1  Cement  and  reinforcement  not  included. 
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CHAPTER  XVI 

NOTES  ON  CONSTRUCTION 

No  matter  how  well  a  road  is  designed,  unless  the  construction 
engineer  uses  good  judgment,  and  the  inspection  is  conscientious 
and  intelligent,  the  results  will  not  be  satisfactory.  This  chapter 
emphasizes  the  importance  of  the  different  stages  of  the  work  and 
gives  a  few  suggestions  as  to  the  manner  of  meeting  common 
difficulties. 

DUTIES  AND  AUTHORITY  OF  DIFFERENT  UNITS  OF  THE 
USUAL  ORGANIZATION 

Inspectors. — Inspectors  are  responsible  for  the  detail  work  of 
construction.  They  must  be  thoroughly  familiar  with  the  plans 
and  specifications.  They  pass  on  the  quality  of  materials  delivered, 
correctness  of  grades,  dimensions  of  work,  and  the  quality  of  the 
workmanship  as  stipulated  in  the  specifications. 

Inspectors  have  no  authority  to  change  plans  or  specifications. 
They  have  authority  to  reject  materials  and  to  stop  work  which  is 
not  being  properly  done  pending  the  decision  of  the  field  engineer. 
They  report  directly  to  the  engineer  in  charge  of  field  construction. 
Inspectors  are  really  the  most  important  men  in  the  organization, 
if  good  work  is  desired.  Good  inspectors  are  hard  to  get,  as  the 
work  is  tedious  and  confining. 

Field  Engineers. — The  field  engineer  is  responsible  for  staking 
out  the  construction  work,  for  monthly  and  final  estimates,  and 
for  the  efficiency  of  the  inspectors.  He  must  keep  track  of  the 
amount  of  work  done  and  materials  used  to  see  that  the  contract 
amounts  are  not  exceeded.  He  checks  all  plans  and  quantities 
and  notifies  the  chief  engineer  if  changes  are  desirable. 

The  field  engineer  has  no  authority  to  change  plans  or  specifica- 
tions with  the  exception  of  minor  corrections  of  mistakes  or  slight 
changes  in  grade  and  location  to  fit  unexpected  conditions,  pro- 
vided such  changes  do  not  increase  quantities  beyond  the  contract 
provisions.  The  field  engineer  reports  directly  to  the  division  or 
chief  engineer. 

Executive  Engineers. — The  division  or  chief  engineer  is  largely 
an  executive.  He  makes  the  necessary  assignments  and  has  the 
power  to  make  any  necessary  changes  in  the  plans  to  meet  unex- 
pected conditions  provided  these  changes  do  not  exceed  the  con- 
tingent allowances  of  the  contract.  If  required  changes  call  for  new 
items  in  the  contract  or  for  an  increase  in  quantities  beyond 
contingent  allowances,  he  prepares  the  necessary  supplementary 
contract  agreements  which  must  be  aDproved  by  the  contractor 
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and  the  financial  control  officer  of  the  highway  department  before 
any  such  work  is  done. 

Final  acceptance  of  work  lies  with  the  head  of  the  department  or 
the  civil  boards  authorizing  the  work. 

Staking  for  Construction. — The  construction  survey  picks  up 
the  center  line  shown  on  the  plans  and  by  means  of  offset  stakes 
driven  to  a  certain  elevation  marks  the  position  and  elevation  of 
the  road  conveniently  for  building.  Any  arrangement  of  stakes 
that  shows  the  position  of  the  proposed  center  line  and  the  elevation 
of  the  proposed  grade  is  satisfactory.  These  stakes  may  be  set 
on  one  or  both  sides  of  the  road  at  intervals  of  50  or  100'.  The  off- 
sets to  the  center  line  may  be  marked  to  the  nearest  one-tenth  foot, 


r                 Staking  Ou+ 
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Fig.  329. — Staking  out  notes. 

or  the  stakes  may  be  set  that  the  offset  is  an  even  foot  and  driver 
so  that  the  elevation  of  the  proposed  grade  is  above  or  below  then: 
an  even  foot,  half  foot,  or  an  odd  tenth.  A  satisfactory  method  ir 
general  use  in  western  New  York  is  to  set  the  construction  stakes 
on  both  sides  every  50',  with  an  even  foot  or  half  foot  above  oj 
below  grade. 

Such  stakes  can  be  readily  explained  to  the  ordinary  grading  fore- 
man so  that  he  has  no  difficulty  in  working  from  them  without  the 
assistance  of  an  inspector.  The  50'  interval  is  convenient  for  fine 
grading,  as  the  lines  can  be  stretched  this  distance  with  no  apparenl 
sag,  while  if  a  ioo7  interval  is  used,  the  sag  is  objectionable.  Witr 
stakes  on  both  sides  of  the  road,  the  elevation  of  the  proposed  grad( 
can  be  readily  transferred  to  the  center  by  stretching  a  line  betweer 
them  and  measuring  down  or  up  the  required  amount.  This  h 
a  much  simpler  and  more  accurate  method  than  transferring  b> 
straight-edge  where  two  or  three  lengths  of  straight-edge  must  be 
used  from  the  stake  to  the  center. 
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The  left  stake  marked  C  4.0'  offset  28.0'  means  that  the  crown 
grade  of  the  finished  road  is  4.0'  below  the  top  of  this  stake  and 
the  proposed  center  line  of  macadam  is  28.0'  from  the  face  of  the 
stake  (see  Fig.  330). 

To  transfer  the  proposed  grade  to  the  center  line  by  the  string 
method:  Fasten  chalk  line  to  top  of  left  stake;  measure  up  3.0' 
above  top  of  right  stake  and  draw  line  taut  at  this  elevation. 
The  string  is  level  and  4.0'  above  crown  grade.  Pull  as  tight  as 
possible,  allow  about  %"  for  sag,  and  measure  down  3'  nJl"  for 
finished  grade. 


bradeStake^**^  fifes  &1S 

Marked  C 4. 0'7%.  £!*  &g 

Offset  26.0'    '-^iW  ,  u|j  0„„/        JfcL- 

l< ^j^—  28.0 -—-_  jr~ •  Z4-O----0&* 

!  ■'^$bk^r*&fi7?ffiffl^*™w/w^  Grade' 'Stake 

■:\*smmw:  *■••"••.•>■-•■■'    •  .■•>.v?^p,.         MarkedCI.O 

\  Offset  24.0'. 

Fig.  330. — Showing  suggested  method  of  staking  out. 

Cost  of  Staking  Out. — The  speed  and  cost  of  staking  at  50' 
intervals  will,  of  course,  vary  with  the  experience  of  the  men  and 
the  character  of  the  road.  A  party  of  four  men  should  pick  up  the 
proposed  center  line  and  set  offset  stakes  on  both  sides  at  a  speed 
of  1.5  to  2  miles  a  day;  a  party  of  three  men  should  grade  these 
stakes  at  a  speed  of  1.0  to  2.0  miles  a  day,  and  the  cost  of  staking 
out  for  construction,  including  livery  and  board,  would  be  from 

}o  to  $80  per  mile  1925  cost  conditions  (livery  $4  per  day;  board 
$3  per  man  per  day  and  engineers  $10  and  assistants  $4  to  $6. 

It  is  common  for  new  men  to  spend  an  unnecessary  amount  of 
time  in  setting  the  grade  stakes.  They  will  often  attempt  to  have 
the  elevation  of  the  grade  stakes  correct  to  within  0.01'.  For  all 
practical  purposes,  for  work  of  this  character,  stakes  correct  to 
within  0.1'  in  elevation  and  o.i'  in  alignment  are  satisfactory. 
Curb  stakes  for  village  work,  however,  should  be  carefully  set  to 
within  o.oi'  in  elevation  and  line.  For  such  work  line  is  marked 
by  tacks  in  top  of  stake. 

Culverts. — Culverts  are  usually  constructed  before  the  road  is 
graded.  They  should  be  completed  well  in  advance  of  the  pave- 
ment, because  even  though  the  backfill  is  carefully  tamped,  there 
is  bound  to  be  some  additional  settlement  under  traffic  action, 
and  if  the  pavement  is  laid  over  a  fresh  backfill,  depressions  or 
cracks  are  sure  to  develop  which,  if  not  repaired,  make  "thank- 
you-marms"  in  the  road  or  introduce  areas  of  no  soil  support 
under  rigid  slabs  which  often  produce  cracks  unless  the  pavement 
is  thickened  enough  to  bridge  the  trench.  For  extra  depth  of 
pavement  bases  over  trenches,  see  page  417. 

Cast-iron  Pipe. — Trenches  for  pipe  are  dug  the  required  depth, 
the  bottom  being  made  wide  enough  to  allow  the  joints  to  be 
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properly  calked.  This  requires  a  trench  18  to  24"  wider  than  the 
pipe  diameter;  i.e.,  for  a  1 2"  pipe  the  trench  is  30  to  36".  Bell  holes 
are  dug  as  shown  in  Fig.  331,  so  that  the  pipe  will  have  a  uniform 
bearing  its  entire  length.  At  no  point  should  it  rest  directly  on 
boulders  or  ledge  rocks.  If  the  foundation  is  soft,  the  pipe  should 
be  laid  on  a  concrete  or  gravel  base.  For  ordinary  soils  the  only 
precaution  the  inspector  need  take  is  to  prevent  backfill  under  the 
pipe. 


t 


Fig.  331. — Bell  holes  for  pipe  trench. 

Unless  the  foreman  is  alert,  the  trench  is  often  excavated  toe 
much  in  some  places,  which  are  then  back  filled.  This  is  bad 
practice  except  where  boulders  are  encountered  which  must  bt 
removed  and  the  cavities  backfilled  with  good  material. 

Pipe. — The  pipe  is  inspected  for  flaws;  it  is  then  placed  in  tht 
trench  with  the  bell  end  upstream.  At  each  joint  the  spigot  enc 
is  placed  in  the  bell  and  forced  against  the  shoulder,  making  £ 
tight  joint.     The  pipe  is  then  lined  correctly  and  a  gasket  of  jutt 


Fig.  332. — Steel  joint  caulking  tool. 

or  oakum  driven  into  the  joint  with  an  iron  calking  tool  having  1 
2  to  3"  offset,  as  shown  in  Fig.  332.  The  balance  of  the  joint  i: 
then  filled  with  a  1 : 1  cement  mortar. 

The  trench  is  then  backfilled,  care  being  taken  not  to  throw  th< 
pipe  out  of  line;  the  backfill  must  be  well  tamped  in  layers  no* 
exceeding  6",  heavy  paver's  rammers  being  used.  A  good  working 
rule  is  to  use  two  of  the  best  men  on  the  job  tamping  and  the  lazies- 
man  on  the  force  throwing  dirt  to  them. 


Fig.  333. — Headwall  plug  extension  forms. 

Headwalls  for  Culverts. — The  face  of  the  headwall  should  extend 
beyond  the  end  of  the  pipe,  as  it  is  difficult  to  get  a  good-lookin§ 
connection  if  it  is  flush  with  the  end. 

Figure  333  shows  a  convenient  plug  form  for  this  extension 
This  plug  is  set  into  the  end  of  the  pipe  and  can  be  readily  removed 
the  resulting  headwall  being  pleasing  in  appearance.     The  headwal. 
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form  can,  also,  be  readily  skewed  (set  at  an  angle  with  the  pipe)  if 
required. 

Reinforced-concrete  Pipe. — Pipe  of  this  character  is  laid  in  the 
same  general  manner  as  cast-iron  pipe  with  the  following  minor 
changes.  It  is  desirable  to  dig  the  trench  2  or  3"  lower  than  neces- 
sary and  backfill  with  gravel  well  tamped  to  give  a  slightly  flexible 
bed  for  the  pipe.  It  is  essential  that  concrete  pipe  be  handled  with 
care,  as  most  of  the  damage  to  this  pipe  occurs  by  careless  handling. 
Pipe  up  to  18"  in*  diameter  can  be  easily  handled  by  rope  slings 
held  by  hand.  For  24"  or  larger  pipe  a  tripod  with  chain  hoist  is 
desirable  to  prevent  breakage  in  lowering  into  the  trench  and  to 
avoid  needless  disturbance  of  the  bed  by  dropping  heavy  pipe  at 
an  angle.  The  backfill  for  this  kind  of  pipe  must  be  very  carefully 
done  up  to  half  height.  In  loam,  clay,  and  quicksand  soils,  it  is 
desirable  to  cradle  the  lower  half  of  the  pipe  with  concrete  1:3:6 
mix  (see  Chap.  IV  p.  217). 
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Excavation. — The  trench  is  dug  to  the  required  depth;  if  the 
material  will  stand  vertically,  no  back  forms  are  necessary,  and  the 
width  of  the  trench  is  made  the  width  of  the  out-to-out  dimensions 
of  the  culverts.  If  back  forms  are  needed,  the  trench  is  usually 
made  2'  wider.  If  running  water  is  encountered  which  cannot  be 
temporarily  dammed  or  diverted,  the  trench  is  made  wide  enough 
to  flume  the  stream  through  on  one  side  of  the  back  forms  for  small 
culverts,  or  between  the  abutments  for  larger-span  structures. 

Backfill. — The  backfill  is  made  as  for  cast-iron  pipe  except  that 
it  should  not  be  deposited  on  the  fresh  top  of  a  culvert  within  24 
hr.  of  laying  the  concrete. 

Forms. — Forms  should  be  true  to  shape  and  constructed  of 
planed  tongue  and  groove  or  carefully  sized  lumber,  for  the  exposed 
surfaces.  Face  form  lumber  should  never  be  less  than  i34"  and 
preferably  2"  thick  and  should  be  well  ribbed  (see  pp.  1346  to  1353 
for  typical  forms).  They  should  be  water  tight,  as  otherwise  the 
fine  material  will  run  out  of  the  face  of  the  concrete  and  leave  a 
rough  "pop-corn"  surface.  They  must  be  well  braced  to  prevent 
bulging.  Triangular  or  feather-edged  grooved  moldings  are 
placed  in  the  angles  of  the  forms  to  shape  them  satisfactorily. 
The  bottom  boards  of  high  thin  side  walls  should  be  left  loose  until 
concrete  is  ready  to  pour  to  permit  cleaning  the  foundation  con- 
crete of  chips  or  dirt  which  always  collect. 

Removal  of  Forms. — The  length  of  time  that  the  forms  should 
remain  in  place  is  a  matter  of  judgment;  it  depends  upon  the 
cement  and  weather  conditions. 

The  author's  practice  is  as  follows: 

Head  walls  or  parapet  forms  are  removed  within  36  hr.  in  dry 
weather  or  within  48  hr.  in  damp,  cold  weather,  in  order  to  rub 
down  the  surfaces. 

Low  side-wall  forms  for  spans  of  2  to  3',  where  the  deck  is  con- 
structed later,  may  be  removed  in  36  to  48  hr. 
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Trunk  forms  for  small  culverts  2  to  3'  span  may  be  removed  in 
from  3  to  7  days. 

Trunk  forms  for  medium  culverts  up  to  io'  span,  7  to  14  days. 

Deck  forms  for  spans  above  10'  may  be  removed  in  from  14  tc 
28  days. 

Any  unusual  load,  such  as  a  roller,  should  not  be  allowed  ovei 
a  new  culvert  of  even  a  small  span  in  less  than  7  days,  unless  pre- 
cautions are  taken  to  distribute  the  pressure  by  planking  the  back- 
fill or  otherwise;  on  the  larger  structures  a  time  limit  of  3  to  4 
weeks  is  advisable. 


MIXING  AND  PLACING  CONCRETE 

The  strength  of  the  concrete  depends  largely  upon  the  thorough- 
ness of  the  mixing  and  the  water  content. 
The  author's  practice  has  been  as  follows: 
Hand  Mixing  Cement  and  Sand. 

3  turns  dry  for  third-class  concrete  (foundations  and  side  walls) 

4  turns  dry  for  second-class  concrete  (decks  and  parapets) 
Add  water  and  mix  mortar. 

Drench  stone  and  turn  stone  and  mortar: 

3  times  for  third-class  concrete. 

4  times  for  second-class  concrete. 

Machine  Mix. — Minimum  1  min.  (15  revolutions). 

Deposit  in  forms  by  dropping.  Do  not  cast,  as  this  separate? 
the  coarse  and  fine  material.  Use  enough  water  to  give  a  mixtur< 
that  quakes  like  liver  under  the  rammer  (about  5  to  6  gal.  per  sac! 
of  cement). 

Deposit  in  layers  not  over  6"  deep  and  ram  each  layer  thoroughly 
spade  the  concrete  thoroughly,  and  work  an  excess  of  the  fin* 
stuff  to  the  face  of  the  forms  by  prying  the  larger  fragments  bact 
from  the  form  with  a  narrow  spade  or  broad-tined  fork. 

Machine  Mixing. — Culverts  generally  contain  such  a  smal 
quantity  of  concrete  that  machine  mixing  is  often  not  used 
although  a  small  mixer  is  very  convenient  and  the  one-bag  batch 
size  is  in  very  common  use  for  work  of  this  character.  In  case  a 
batch  mixer  is  employed,  the  inspection  is  simplified  to  checking 
the  quantities  of  cement,  sand,  and  stone  in  each  charge,  regulating 
the  water. content,  and  insisting  on  complete  mix.  Give  at  least 
a  minute  in  the  drum.  If  a  continuous  mixer  is  used,  it  is  well  tc 
keep  watch  of  the  cement  hopper,  as  the  cement  is  liable  to  run 
low,  feeding  only  a  portion  of  the  work,  or  a  large  lump  of  cement 
may  ride  on  top  of  the  worm  and  hinder  the  feed ;  or  the  worm  may 
become  coated  with  damp  cement  which  reduces  the  capacity. 
If  the  inspector  watches  the  cement  hopper,  the  contractor  will 
tend  to  the  sand  and  stone  hoppers.  Continuous  mixers  are 
usually  prohibited  on  account  of  the  uncertainty  of  the  resulting 
product. 

Capacity  of  Concrete  Mixers. — Using  a  minute  mix,  different- 
size  mixers  will  turn  out  approximately  the  following  amounts  of 
1:2:4  structural  concrete:   (20  to  30  batches  per  hour). 
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i-bag  batch 3  to    4  cu.  yd.  per  hour 

i3^-bag  batch 5  to    7  cu.  yd.  per  hour 

2-bag  batch 7  to  10  cu.  yd.  per  hour 

Finishing  Concrete. — If  a  smooth,  marble-like  surface  is  desired, 
t  can  be  obtained  by  rubbing  down  the  surface  before  it  has  fully 
set  with  a  cement-sand  brick  moistened  with  water.  If  a  rough 
;andpaper-like  finish  is  wanted,  it  can  be  secured  by  rubbing  with  a 
vooden  float  moistened  with  water.  This  finish  is  not  so  apt  to 
lair  check  as  the  smooth  finish.  For  a  high-grade  rub  finish  for 
nore  pretentious  ornamental  structures  such  as  concrete  arch 
Dridges,  parapets,  etc.,  see  specifications  on  page  1522. 

Freshly  laid  concrete  should  be  protected  from  a  hot  sun  by 
rovering  it  with  canvas,  or  blankets,  and  wetting  it  down  frequently 
or  4  or  5  days.  No  plastering  of  surfaces  should  be  allowed  after 
:he  cement  has  set.  If,  however,  it  has  been  badly  hair  checked 
rom  heat,  the  defect  can  usually  be  remedied  by  rubbing  with  a 
:arborundum  brick.  Freshly  laid  concrete  must  be  protected 
rom  frost.  A  satisfactory  method  is  to  cover  with  canvas  and  a 
hick  layer  of  manure  or  straw.  If  the  concrete  has  been  frost 
Ditted  on  the  surface  only,  bush  hammering  will  give  a  rough  stone 
inish,  pleasing  in  appearance.  No  culvert  work  should  be  allowed 
n  continued  cold  weather,  as  it  is  difficult  to  get  a  good  finish,  and 
n  roadwork  there  is  no  necessity  of  doing  this  work  in  the  winter. 
Concrete-culvert  inspection  must  be  continuous. 

Amounts  of  Material  Required. — For  the  amounts  of  material 
required  per  cu.  yd.  of  concrete,  see  page  1092. 

Tables  similar  to  225  given  below  and  computed  for  the  stand- 
ird  designs  in  use  in  any  locality  are  very  convenient  in  placing 
materials  for  culvert  construction.  Table  225  is  computed  for 
:ulverts  shown  in  Fig.  65,  Chap.  IV,  page  221.  3rd  class  concrete 
sidewalls  and  bottom  and  wings — 2nd  class  slabs  and  parapets. 

Note. — Amount  of  cement  shown  in  Table  225  is  based  on  1.3  bbls.  per  c.  y. 
2nd  class  and  1.1  bbls.  per  c.  y.  3rd  class  concrete.  If  culverts  are  constructed 
entirely  of  1:2:4  mix  take  total  c.  y.  of  concrete  shown  for  structure  and  multiply 
by  1.6  bbls.  to  get  approx.  amount  of  cement. 
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Table  225. — Concrete  Culverts 

1.5'  high  X  2.0'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Paving 
Square 
Yards 

Ex.  Met. 

Square 

Feet 

Cement 
Barrels* 

Sand 
Cubic 
Yards 

Crushed 
Stone 
Cubic 

Second 

Third 

Yards 

20 

2.2 

5-6 

6.4 

80 

8.4 

3-6 

7.2 

21 

2.2 

5-8 

6.4 

84 

8.6 

3-7 

7-4 

22 

2-3 

6.1 

6.4 

88 

9.0 

3-9 

7.8 

23 

2.4 

6-3 

6.4 

92 

9-3 

4.1 

8.1 

24 

2-5 

6-5 

6.4 

96 

9-7 

4.2 

8-3 

25 

2-5 

6.7 

6.4 

100 

9.9 

4-3 

8-5 

26 

2.6 

6.9 

6.4 

104 

10.2 

4.4 

8.8 

27 

2.7 

7.2 

6.4 

108 

10.6 

4.6 

9.2 

28 

2.8 

7-4 

6.4 

112 

10.9 

4.8 

9-5   ! 

29 

2.8 

7.6 

6.4 

116 

11. 1 

4.9 

9.6 

30 

2.9 

7.8 

6.4 

120 

"•5 

5-o 

9.9 

31 

3-o 

8.1 

6.4 

124 

11.9 

5-2 

10.3 

32 

3-i 

8-3 

6.4 

128 

12.2 

5-3 

10.6 

33 

3-i 

8-5 

6.4 

132 

12.4 

5-4 

10.8 

34 

3-2 

8.7 

6.4 

136 

12.7 

5-6 

11.0 

35 

3-3 

8.9 

6.4 

140 

i3-i 

5-7 

n-3 

36 

3-4 

9.2 

6.4 

144 

13-5 

5-9 

11.7 

37 

3-4 

9.4 

6.4 

148 

13-7 

6.0 

11.9 

38 

3-5 

9.6 

6.4 

152 

14.0 

6.1 

12. 1 

39 

3-6 

9.8 

6.4 

156 

14-5 

6-3 

12.4 

40 

3-6 

10. 1 

6.4 

160 

14.8 

6.4 

12.7 

4i 

3-7 

10.3 

6.4 

164 

i5-i 

6-5 

13.0 

42 

3-8 

10.5 

6.4 

168 

15-4 

6.7 

13-3 

43 

3-9 

10.7 

6.4 

172 

15-7 

6.8 

13-5 

44 

3-9 

10.9 

6.4 

176 

15-9 

6.9 

13-7 

45 

4.0 

11. 2 

6.4 

180 

16.4 

7-i 

14. 1 

46 

4.1 

11.4 

6.4 

184 

16.7 

7.2 

14.4 

47 

4.2 

11.6 

6.4 

188 

17.0 

7-4 

14.7 

48 

4.2 

11.8 

6.4 

192 

17.2 

7-5 

14.8 

49 

4-3 

12.1 

64 

196 

17.6 

7-7 

15.2 

5c 

4.4 

12.3 

6.4 

200 

18.0 

7.8 

15-5 

•Seen 

ote  page 
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2'  high 

X  2'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

Paving 
Square 
Yards 

Portland 
Cement 
Barrels* 

Sand 

Cubic 

Yards 

Crushed 
Stone 
Cubic 
Yards 

Second 

Third 

20 

2.4 

7-1 

80 

9.8 

IO.I 

4.4 

8.8 

21 

2.4 

7-3 

84 

9.8 

IO.4 

4-5 

9.0 

22 

2.5 

7.6 

88 

9.8 

IO.8 

4-7 

94 

23 

2.6 

7-9 

92 

9.8 

II. 2 

4.9 

9-7 

24 

2.7 

8.1 

96 

9.8 

n-5 

5-o 

10.0 

25 

2-7 

8.4 

100 

9.8 

11.8 

5-2 

10.3 

26 

2.8 

8.6 

104 

9.8 

12.2 

5-3 

10.6 

27 

2.9 

8.9 

108 

9.8 

12.6 

5-5 

10.9 

28 

3.0 

9.2 

112 

9.8 

13.0 

5-7 

n-3 

29 

3-o 

9.4 

% 

116 

9.8 

13.2 

5-8 

n-5 

30 

3-i 

9-7 

120 

9.8 

13.6 

6.0 

11.9 

31 

3-2 

9.9 

124 

9.8 

14.0 

6.1 

12. 1 

32 

3-3 

10.2 

128 

9.8 

14.4 

6.3 

12.5 

33 

3-3 

10.5 

132 

9.8 

14.7 

6.4 

12.8 

34 

3-4 

10.7 

136 

9.8 

15.0 

6.6 

13.0 

35 

3-5 

11.0 

140 

9.8 

i5-4 

6.8 

13-4 

36 

3-6 

11.2 

144 

9.8 

15.8 

6.9 

13-7 

37 

3-6 

11.5 

148 

9.8 

16.1 

7-i 

14.0 

38 

3-7 

11.8 

152 

9.8 

16.5 

7.2 

14.4 

39 

3.8 

12.0 

156 

9.8 

16.8 

7-4 

14-7 

40 

3-9 

12.3 

160 

9.8 

17.3 

7.6 

15.0 

4i 

3-9 

12.5 

164 

9.8 

17-5 

7-7 

15.2 

42 

4.0 

12.8 

168 

9.8 

17.9 

7-9 

15.6 

43 

4.1 

13.1 

172 

9.8 

18.3 

8.0 

16.0 

44 

4.2 

13-3 

176 

9.8 

18.6 

8.2 

16.2 

45 

4.2 

13.6 

180 

9.8 

18.9 

8.3 

16.5 

46 

4.3 

13-9 

184 

9.8 

19.4 

8-5 

16.9 

47 

4.4 

14.1 

188 

9.8 

19.7 

8.6 

17.2 

48 

4.4 

14.4 

192 

9.8 

20.0 

8.8 

17.4 

49 

4.5 

14.6 

196 

9.8 

20.4 

8.9 

17.7 

5o 

4.6 

14.9 

200 

9.8 

20.8 

9.1 

18.1 

J 

*  See  note  page  1277. 
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Table  225. — Continued 


2'  high 

X  3'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expended 
Metal 
Square 

Steel 
Pounds 

Portland 

Cement 

Barrels* 

Sand 
Cubic 

Yards 

Crushed 
Stone 
Cubic 

Second 

Third 

Feet 

Yards 

20 

2-3 

7.6 

100 

78 

IO.5 

4-6 

9.2 

21 

2.4 

7-9 

105 

8l 

II.O 

4-8 

9.6 

22 

2-5 

8.2 

no 

85 

II.4 

5-o 

9.9 

23 

2.6 

8-5 

us 

88 

11.8 

5-2 

10.3 

24 

2.6 

8.8 

120 

91 

12. 1 

5-3 

10.6 

25 

2.7 

9.1 

125 

95 

12.5 

5-5 

IO.9 

26 

2.8 

9.4 

130 

98 

13.0 

5-7 

n-3 

27 

2.9 

9-7 

135 

101 

134 

5-9 

11.7 

28 

3-o 

9-9 

140 

105 

13-7 

6.0 

12.0 

29 

3-i 

10.2 

i45 

108 

14.1 

6.2 

12.3 

30 

3-2 

10.5 

150 

112 

14.6 

6.4 

12.7 

31 

3-3 

10.8 

155 

"5 

15.0 

6.6 

13.1 

32 

3-4 

11. 1 

160 

118 

154 

6.8 

134 

33 

3-5 

11.4 

16S 

122 

15-9 

7.0 

13-8 

34 

3-6 

11. 7 

170 

125 

16.3 

7.2 

14.2 

35 

3-7 

12.0 

175 

128 

16.7 

7-3 

14.6 

36 

3-8 

12.2 

180 

132 

17.0 

7-5 

14.8 

37 

3-9 

12.5 

185 

135 

17-5 

7-7 

15-2 

38 

3-9 

12.8 

190 

139 

17.8 

7.8 

15-5 

39 

4.0 

i3-i 

195 

142 

18.2 

8.0 

15-9 

40 

4.1 

13-4 

200 

145 

18.6 

8.2 

16.2 

4i 

4.2 

13-7 

205 

149 

19.0 

8.4 

16.6 

42 

4-3 

14.0 

210 

152 

19-5 

8.6 

17.0 

43 

4.4 

14-3 

215 

156 

19.9 

8-7 

17-3  ! 

44 

4-5 

14.5 

220 

159 

20.2 

8.9 

17.6 

45 

4.6 

14.8 

225 

162 

20.7 

9.1 

18.0 

46 

4.7 

i5-i 

230 

166 

21. 1 

9.2 

18.4 

47 

4-8 

15-4 

235 

169 

21.5 

94 

18.7 

48 

4.9 

15-7 

240 

172 

21.9 

9.6 

19.1 

49 

5-o 

16.0 

245 

176 

22.4 

9.8 

19-5 

So 

— _ — — 

5-i 

16.3 

250 

179 

22.8 

10.0 

19.8 

*  See  note  page  1277. 
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2'  high 

X  4'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 
Metal 
Square 

Steel 
Pounds 

Portland 

Cement 

Barrels* 

Sand 

Cubic 

Yards 

Crushed 
Stone 
Cubic 

Second 

Third 

Feet 

Yards 

20 

2.7 

8.4 

I20 

78 

11.8 

5-2 

IO.3 

21 

2.8 

8.7 

126 

8l 

12.3 

5-3 

10.7 

22 

2.9 

9.0 

132 

85 

12.7 

5-6 

II.O 

23 

3-i 

9-3 

138 

88 

13.2 

5-8 

n-5 

24 

3-2 

9-7 

144 

9i 

13.8 

6.0 

12.0 

25 

3-3 

10. 0 

I50 

95 

14.2 

6.2 

12.3 

26 

3-4 

10.3 

156 

98 

14.6 

6.4 

12.7 

27 

3.5 

10.6 

162 

101 

15.0 

6.6 

i3-i 

28 

3-6 

10.9 

168 

105 

15.5 

6.8 

13-4 

29 

3-7 

11. 2 

174 

108 

15-9 

6.9 

13-8 

30 

3-8 

"•5 

180 

112 

16.3 

7-1 

14.2 

31 

3-9 

11.9 

186 

ii5 

16.8 

7-4 

14.6 

32 

4.0 

12.2 

192 

118 

i7-3 

7.6 

i5-o 

33 

4.2 

12.5 

198 

122 

17.8 

7.8 

15-5 

34 

4-3 

12.8 

204 

125 

18.3 

8.0 

15-9 

35 

4.4 

J3-i 

2IO 

128 

18.7 

8.2 

16.2 

36 

4-5 

13-4 

2l6 

132 

19.1 

8-4 

16.6 

37 

4.6 

13.8 

222 

135 

19.6 

8.6 

17.1 

38 

4-7 

14.1 

228 

139 

20.1 

8.7 

17.4 

39 

4.8 

14.4 

234 

142 

20.5 

9.0 

17.8 

40 

4.9 

14.7 

240 

145 

20.9 

9.1 

18.2 

4i 

5-o 

15.0 

246 

149 

21.4 

9.4 

18.6 

42 

5-2 

15-3 

252 

152 

21.9 

9.6 

19.1 

43 

5-3 

15-6 

258 

156 

22.3 

9-8 

19.4 

44 

5-4 

16.0 

264 

159 

22.9 

10.0 

19.9 

45 

5-5 

16.3 

270 

162 

23-3 

10.2 

20.2 

46 

5-6 

16.6 

276 

166 

23-7 

10.4 

20.6 

47 

5-7 

16.9 

282 

169 

24.1 

10.6 

21.0 

48 

5-8 

17.2 

288 

172 

24.6 

10.8 

21.3 

49 

5-9 

17-5 

294 

176 

25.0 

10.9 

21.7 

50 

6.0 

17.8 

300 

179 

25.4 

11. 1 

22.1 

*  See  note  page  1277. 
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INSPECTION  DETAILS 

Table  225. — Continued 


3'  high  ' 

X  3'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 
Metal 
Square 

Steel 
Pounds 

Portland 
Cement 
Barrels* 

Sand 
Cubic 
Yards 

Crushed. 
Stone 
Cubic 

Second 

Third 

Feet 

Yards 

20 

2.3 

IO.4 

IOO 

82 

13-4 

5.9 

11.8 

21 

2.4 

10.8 

I05 

85 

13-9 

6.2 

12.3 

22 

2-5 

II. 2 

no 

88 

14.4 

6.4 

12.7 

23 

2.6 

n-5 

115 

92 

14.9 

6.6 

i3-i 

24 

2.6 

11.9 

120 

95 

15-3 

6.8 

13-5 

25 

2.7 

12.2 

125 

99 

15-7 

7.0 

13-8 

26 

2.8 

12.6 

130 

102 

16.2 

7.2 

14-3 

27 

2.9 

13.0 

135 

105 

16.8 

74 

14.8 

28 

3-o 

13-3 

140 

109 

17.2 

7.6 

i5-i 

29 

3-i 

13-7 

145 

112 

17.7 

7-9 

15-6 

30 

3-2 

14.0 

150 

116 

18.2 

8.1 

16.0 

31 

3-3 

14.4 

155 

119 

18.7 

8-3 

16.4 

32 

3-4 

14.8 

160 

122 

19.2 

8-5 

16.9 

33 

3-5 

i5-i 

165 

126 

19.6 

8.7 

17.3 

34 

3-6 

15-5 

170 

129 

20.2 

8.9 

17.6 

35 

3-7 

15.8 

175 

133 

20.6 

9.1 

18.1 

36 

3-8 

16.2 

180 

136 

21. 1 

94 

18.6 

37 

3-9 

16.6 

185 

139 

21.6 

9.6 

19.0 

38 

3-9 

16.9 

190 

143 

22.0 

9-7 

19-3 

39 

4.0 

t-7-3 

195 

146 

22.5 

ICO 

19.8 

40 

4.1 

17.6 

200 

150 

22.9 

10.2 

20.1 

4i 

4.2 

1S.0 

205 

i53 

23-4 

10.4 

20.6 

42 

4.3 

18.4 

210 

156 

24.0 

10.6 

21. 1 

43 

4.4 

18.7 

215 

160 

24.4 

10.8 

21.4 

44 

4-5 

19.1 

220 

163 

24.9 

II.O 

21.9 

45 

4.6 

19.4 

225 

167 

25-4 

II. 2 

22.3 

46 

4-7 

19.8 

230 

170 

25-9 

II.4 

22.7 

47 

4.8 

20.2 

235 

173 

26.4 

11. 7 

23.2 

48 

4.9 

20.5 

240 

177 

26.8 

11.9 

23.6 

49 

5-o 

20.9 

245 

180 

27.4 

12. 1 

24.0 

50 

— — ^— 

5-i 

21.2 

250 

184 

27.8 

12.3 

24.4 

*  See  note  page  1277. 
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3'  high 

X  4'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 
Metal 
Square 

Steel 
Pounds 

Portland 

Cement 

Barrels* 

Sand 
Cubic 

Yards 

Crushed 
Stone 
Cubic 

Second 

Third 

Feet 

Yards 

20 

2.7 

"•3 

I20 

82 

14.8 

6-5 

13.O 

21 

2.8 

11.7 

126 

85 

15-3 

6.8 

13-5 

22 

2.9 

12. 1 

132 

88 

15.8 

7.0 

13-9 

23 

3-i 

12.5 

138 

92 

16.5 

7-3 

14-5 

24 

3-2 

12.9 

144 

95 

17.0 

7-5 

14.9 

25 

3-3 

13.2 

I50 

99 

17.4 

7-7 

15-3 

26 

3-4 

13.6 

156 

102 

18.0 

7-9 

15.8 

27 

3-5 

14.0 

162 

105 

18.5 

8.2 

16.3 

28 

3-6 

14.4 

168 

109 

19  0 

8-4 

16.7 

29 

3-7 

14.8 

174 

112 

19.6 

8.7 

17.2 

30 

3-8 

15.2 

180 

116 

20.1 

8.9 

17.6 

31 

3-9 

15-6 

186 

119 

20.6 

9.1 

18.1 

32 

4.0 

16.0 

192 

122 

21. 1 

9.4 

18.6 

33 

4.2 

16.4 

198 

126 

21.8 

9.6 

19.1 

34 

4.3 

16.8 

204 

129 

22.3 

9.8 

19.6 

35 

4-4 

17.1 

210 

*33 

22.8 

IO.I 

20.0 

36 

4-5 

17.5 

2l6 

136 

23-3 

10.3 

20.4 

37 

4.6 

17.9 

222 

139 

s3.8 

10.5 

20.9 

38 

4-7 

18.3 

228 

143 

24-3 

10.8 

21.3 

39 

4.8 

18.7 

234 

146 

24.9 

II.O 

21.8 

40 

4.9 

19.1 

240 

150 

25-4 

II. 2 

22.3 

4i 

5-o 

19-5 

246 

153 

25-9 

II.4 

22.7 

42 

5-i 

19.9 

252 

156 

26.5 

11. 7 

23.2 

43 

5-3 

20.3 

258 

160 

27.1 

12.0 

23-7 

44 

5-4 

20.7 

264 

163 

27.7 

12.2 

24.2 

45 

5-5 

21.0 

270 

167 

28.1 

12.4 

24.6 

46 

5-6 

21.4 

276 

170 

28.6 

12.6 

25.0 

47 

5-7 

21.8 

282 

173 

29.1 

12.9 

25-5 

48 

5-8 

22.2 

288 

177 

29.7 

13.1 

26.0 

49 

5-9 

22.6 

294 

180 

30.2 

13-3 

26.4 

50 

6.0 

23.0 

300 

184 

30.7 

13.6 

26.9 

*  See  note  page  1277. 
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INSPECTION  DETAILS 
Table  225. — Continued 


4'  high 

X  4'  wide 

Length 

Concrete 
Cubic  Yards 

Expanded 
Metal 

Steel 
Pounds 

Portland 
Cement 

Sand 
Cubic 

Crushed 
Stone 

Feet 

Square 

Barrels* 

Yards 

Cubic 

Second 

Third 

Feet 

Yards 

20 

2.7 

14-5 

I20 

87 

18.I 

8.1 

15-9 

21 

2.8 

15.0 

126 

90 

18.7 

8-3 

16.5 

22 

2.9 

15-4 

132 

94 

19.2 

8.6 

17.0 

23 

3-i 

15-9 

138 

97 

20.0 

8.9 

17.6 

24 

3-2 

16.4 

144 

100 

20.6 

9.2 

18.2 

25 

3-3 

16.8 

I50 

104 

21. 1 

94 

18.7 

26 

34 

17-3 

156 

107 

21.8 

9-7 

19.2 

27 

3-5 

17.7 

162 

in 

22-3 

9.9 

19.7 

28 

3-6 

18.2 

168 

114 

22.9 

10.2 

20.2 

29 

3-7 

18.7 

174 

117 

23-5 

10.5 

20.8 

30 

3-8 

19.1 

180 

121 

24.1 

10.7 

21.2 

31 

3-9 

19.6 

186 

124 

24.7 

11.0 

21.8 

32 

4.0 

20.1 

192 

128 

25-3 

"•3 

22.4 

33 

4.2 

20.5 

198 

131 

26.0 

11.6 

22.9 

34 

4-3 

21.0 

204 

134 

26.6 

11.9 

23-5 

35 

4.4 

21.4 

2IO 

138 

27.1 

12. 1 

24.0 

36 

4-5 

21.9 

216 

141 

27.8 

12.4 

24-5 

37 

4.6 

22.4    " 

222 

145 

28.4 

12.6 

25-1 

38 

4-7 

22.8 

228 

148 

28.9 

12.9 

25-5 

39 

4.8 

23-3 

234 

151 

29.6 

i3-i 

26.1 

40 

4-9 

23.8 

24O 

155 

30.2 

134 

26.6 

4i 

5.o 

24.2 

246 

158 

3°-7 

13-7 

27.1 

42 

S-i 

24.7 

252 

162 

31-4 

14.0 

27.7 

43 

5-3 

25.2 

258 

165 

32.1 

14-3 

28.3 

44 

54 

25.6 

264 

168 

32.6 

14-5 

28.8 

45 

5-5 

26.1 

270 

172 

33-3 

14.8 

29.3 

46 

5-6 

26.5 

276 

175 

33-8 

15.0 

29.8 

47 

5-7 

27.0 

282 

179 

344 

15-3 

3o-3 

48 

5-8 

27-5 

288 

182 

35-i 

15-6 

3o-9 

49 

5-9 

27.9 

294 

185 

35-6 

15.8 

3i4 

50 

6.0 

28.4 

300 

189 

36.2 

16.1 

3i-9 

*  See  note  page  1277. 
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3'  high 

X  5'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 
Metal 

Steel 
Pounds 

Portland 
Cement 

Sand 
Cubic 

Crushed 
Stone 

Square 

Barrels* 

Yards 

Cubic 

Second 

Third 

Feet 

Yards 

20 

4.0 

12.4 

140 

83 

17-5 

7-7 

15.2 

21 

4.2 

12.8 

147 

86 

18.1 

7-9 

15-7 

22 

4.4 

13-3 

154 

90 

18.9 

8-3 

16.4 

23 

4.6 

13-7 

161 

93 

i9-5 

8.6 

17.0 

24 

4-7 

14.1 

168 

96 

20.1 

8.8 

17.4 

25 

4.9 

i4-5 

175 

100 

20.7 

9.1 

1S.0 

26 

5-i 

14.9 

182 

103 

21.4 

9-3 

18.5 

27 

5-3 

15-4 

189 

106 

22.1 

9.6 

19.2 

28 

5-4 

15.8 

196 

no 

22.6 

9.9 

19.7 

29 

5-6 

16.2 

203 

"3 

23-3 

10.2 

20.2 

30 

5-8 

16.6 

2IO 

117 

23-9 

10.5 

20.8 

31 

5-9 

17.0 

217 

120 

24.5 

10.7 

21.2 

32 

6.1 

17.4 

224 

123 

25.1 

II.O 

21.8 

33 

6-3 

17.9 

231 

127 

25-9 

11.3 

22.4 

34 

6-5 

18.3 

238 

130 

26.5 

11.6 

23.0 

35 

6.6 

18.7 

245 

134 

27.1 

11.8 

23-5 

36 

6.8 

19.1 

252 

137 

27.7 

12. 1 

24.0 

37 

7.0 

19-5 

259 

140 

28.4 

12.4 

24.6 

38 

7.2 

19.9 

266 

144 

29.0 

12.7 

25.1 

39 

7-3 

20.4 

2  73 

147 

29.6 

12.9 

25-7 

40 

7-5 

20.8 

280 

150 

30.3 

13.2 

26.2 

41 

7-7 

21.2 

287 

154 

30.9 

i3-5 

26.8 

42 

7.8 

21.6 

294 

157 

3i-5 

i3-7 

27-3 

43 

8.0 

22.0 

301 

161 

32.1 

14.0 

27.8 

44 
1 

8.2 

22.4 

308 

164 

32.8 

14-3 

28.4 

4! 

8.4 

22.9 

3X5 

167 

33-4 

14.6 

29.0 

46 

8.5 

23-3 

322 

171 

34-1 

14.8 

29-5 

47 

8.7 

23-7 

329 

174 

34.7 

i5-i 

30.0 

48 

8.9 

24.1 

336 

177 

35-3 

15-3 

30.6 

49 

9.1 

24-5 

343 

181 

36.0 

15.6 

31.2 

50 

9.2 

24.9 

350 

184 

36.5 

15.9 

31.6 

*  See  note  page  1277. 
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INSPECTION  DETAILS 

Table  225. — Contintied 


4'  high 

X  5'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 
Metal 
Square 

Steel 
Pounds 

Portland 
Cement 

Barrels* 

Sand 
Cubic 
Yards 

Crushed 
Stone 
Cubic 

Second 

Third 

Feet 

Yards 

20 

4.0 

15.8 

140 

88 

2I.O 

9.2 

18.4 

21 

4.2 

16.3 

147 

92 

21.7 

9.6 

19.O 

22 

4.4 

16.8 

154 

95 

22.5 

9.9 

19.7 

23 

4.6 

17.2 

161 

99 

23.I 

I0.2 

20.2 

24 

4.7 

17.7 

168 

102 

23.7 

IO.5 

20.8 

25 

4.9 

18.2 

175 

105 

24-5 

IO.8 

21.4 

26 

5-i 

18.7 

182 

109 

25.2 

II. I 

22.1 

27 

5-3 

19.2 

189 

112 

26.0 

II-5 

22.7 

28 

5-4 

19.7 

196 

116 

26.6 

II.7 

23-3 

29 

5-6 

20.2 

203 

119 

27.4 

12. 1 

23.9 

30 

5-8 

20.7 

2IO 

122 

28.1 

12.4 

24.6 

31 

5-9 

21.2 

217 

126 

28.8 

12.7 

25-1 

32 

6.1 

21.7 

224 

129 

29-5 

I3.O 

25.8 

33 

6.3 

22.1 

231 

133 

30.2 

13-3 

26.3 

34 

6-5 

22.6 

238 

136 

30.9 

13.6 

27.0 

35 

6.6 

23.I 

245 

139 

3i.5 

13-9 

27.6 

36 

6.8 

23.6 

252 

143 

32.3 

14.2 

28.2 

37 

7.0 

24.I 

259 

146 

33-o 

14.5 

28.8 

38 

7.2 

24.6 

266 

150 

33-8 

14.9 

29-5 

39 

7-3 

25-1 

2  73 

153 

34-4 

15.1. 

30.1 

40 

7-5 

25.6 

280 

156 

35-2 

15-5 

3°-7 

4i 

7-7 

26.1 

287 

160 

35-9 

15.8 

3i-3 

42 

7.8 

26.6 

294 

163 

36.6 

16.1 

3i-9 

43 

8.0 

27.0 

301 

167 

37-2 

16.4 

32.5 

44 

8.2 

27-5 

308 

170 

38.0 

16.7 

33-i 

45 

8.4 

28.0 

315 

173 

38.7 

17.0 

33-8 

46 

8.5 

28.5 

322 

177 

39-3 

17.3 

34-3 

47 

8.7 

29.0 

329 

180 

40.1 

17.6 

35-o 

48 

8.9 

29-5 

336 

184 

40.9 

1S.0 

35-6 

49 

9.1 

30.0 

343 

187 

41.6 

18.3 

36.3 

50 

9.2 

30-5 

350 

190 

42.2 

18.6 

36A 

*  See  note  page  1277. 
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5'  high 

X  5'  wide 

Length 

Concrete 
Cubic  Yards 

Expanded 
Metal 
Square 

Steel 
Pounds 

Portland 
Cement 

Sand 
Cubic 

Yards 

Crushed 
Stone 
Cubic 

Feet 

Second 

Third 

Feet 

J-J  Li  I    A    C  1  ■  J 

Yards 

20 

4.0 

19-5 

140 

93 

24.7 

II.O 

21.8 

21 

4.2 

20.0 

147 

96 

25-5 

"•3 

22.5 

22 

4.4 

20.6 

154 

100 

26.3 

11. 7 

23.2 

23 

4.6 

21.2 

161 

103 

27.2 

12. 1 

24.2 

24 

4-7 

21.7 

168 

106 

27.8 

12.4 

24.8 

25 

4.9 

22.3 

175 

no 

28.7 

12.7 

254 

26 

5-i 

22.9 

182 

113 

29-5 

i3-i 

26.2 

27 

5-3 

234 

189 

117 

3°-3 

134 

26.8 

28 

5-4 

24.0 

196 

120 

31.0 

13.8 

27.6 

29 

5-6 

24.6 

203 

123 

3!-9 

14.1 

28.2 

3° 

5-8 

25.1 

2IO 

127 

32.6 

14-5 

29.0 

31 

5-9 

25-7 

217 

130 

33-4 

14.8 

29.6 

32 

6.1 

26.2 

224 

134 

34-i 

i5-i 

30.2 

33 

6-3 

26.8 

231 

137 

35-o 

15-5 

31.O 

34 

6-5 

27.4 

■    238 

140 

35-8 

15-9 

31.8 

35 

6.6 

27.9 

245 

144 

364 

16.2 

324 

36 

6.8 

28.5 

252 

147 

37-3 

16.5 

33-o 

37 

7.0 

29.1 

259 

150 

38.2 

16.9 

33-8 

38 

7.2 

29.6 

266 

154 

38.9 

17.2 

344 

39 

7-3 

30.2 

2  73 

157 

39-6 

17.6 

35-i 

40 

7-5 

30.8 

280 

161 

40-5 

17.9 

35-8 

4i 

7-7 

31-3 

287 

164 

41.2 

18.3 

36.5 

42 

7.8 

3J-9 

294 

167 

42.0 

18.6 

37-2 

43 

8.0 

32-5 

301 

171 

42.8 

19.0 

37-9 

44 

8.2 

33-o 

308 

174 

43-6 

19-3 

38.6 

45 

8.4 

33-6 

315 

178 

444 

19.7 

39-3 

46 

8-5 

34-2 

322 

181  ■ 

45-2 

20.0 

40.0 

47 

8.7 

34-7 

329 

184 

45-9 

20.3 

40.6 

48 

8.9 

35-2 

336 

188 

46.7 

20.6 

41.2 

49 

9.1 

35-9 

343 

191 

47.6 

21.0 

42.0 

50 

9.2 

36.4 

35o 

195 

48.3 

21.4 

42.8 

*  See  note  page  1277. 
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GRADING  INSPECTION 


Rough  Grading. — Rough  grading  means  all  of  the  work  prelimi- 
nary to  the  finished  shaping,  and  includes  moving  practically  al 
the  dirt  that  is  to  be  handled.  It  is  particularly  important  tc 
supervise  this  stage  of  construction,  as  it  is  here  that  the  construct 
ing  engineer  regulates  the  placing  of  the  best  material  in  the  center 
(under  the  metalling)  and  the  poorest  material  on  the  sides. 

In  order  to  grade  economically,  the  contractor  and  inspecto: 
should  each  be  furnished  with  lists  similar  to  those  given  below  (Fig 
334),  showing,  in  a  convenient  form,  the  amount  of  excavatioi 
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Fig.  334. — Grading  quantities. 

station  by  station  and  within  what  bounds  it  is  to  be  placed,  or 
mass  diagram  can  be  prepared  as  explained  on  page  997. 

Cuts. — For  cuts  over  3'  deep,  slope  stakes  are  placed  and  car 
taken  that  the  slopes  are  properly  carried  down.  If  excavate 
beyond  the  finished  lines,  it  is  practically  impossible  to  make  a  back 
fill  that  will  hold,  and  the  resulting  irregularities  are  unsightl) 
This  is  impossible  where  a  steam  shovel  is  used,  in  which  case  th 
slope  is  cut  to  the  half-slope  fine  and  the  upper  earth  plowed  dow 
to  complete  the  lower  portion  in  fill. 

Fills. — For  fill  slope,  stakes  are  set  in  the  same  manner  as  fc 
cuts.1  The  earth  should  be  deposited  in  thin  layers,  6  to  8"  deep 
extending  from  slope  to  slope,  and  each  layer  well  compacte 

1  Slope  stakes  can_  be  located  directly  from  the  templet  cross-sectio 
which  is  a  much  easier  method  than  the  railroad  practice  of  rod  and  lev« 
computation. 
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ither  with  a  roller  or  by  driving  over  it  with  wagons  in  the  process 
>f  building.  Where  the  old  surface  has  a  steep  slope,  it  must  be 
)lowed  to  give  a  good  bond  with  the  new  fill  and  prevent  slide. 

It  is  bad  practice  to  build  the  center  of  the  fill  and  then  shovel 
oose  material  off  of  the  edge  to  widen  the  slopes,  as  this  loose  side- 
ill  is  not  compacted  and  under  the  action  of  frost  will  nearly  always 
lough  away  from  the  harder  central  portion. 

To  get  the  full  benefit  of  the  teaming  in  compacting  the  dirt,  a 
ieep  fill  should  be  started  at  a  point  nearest  the  cut  from  which  the 
naterial  is  hauled  and  each  load  driven  over  the  loose  layer.  In 
his  way  nearly  every  fill  can  be  better  compacted  than  by  the  use 

.--F/7/ 

wig-  ^  >V  Layers 

Surface  J 


FlG.  335. — Fills  land  in  layers. 

>f  a  roller  alone.  For  long  fills  where  there  is  considerable  team- 
ng  over  each  layer,  a  roller  is  not  usually  needed. 

Wet  clay  or  heavy  loam  should  never  be  placed  in  the  bottom  of 
1  fill,  as  it  dries  slowly  when  not  in  contact  with  the  air  and  keeps 
he  fill  "spongy."     The  writer  has  seen  cases  where  fills  not  over 

deep  have  remained  soft  for  2  months  where  wet  material  had 
>een  used,  and  it  was  finally  necessary  to  remove  it. 

For  shallow  fills  6"  or  less  in  depth,  the  underlying  hard  roadbed 
nust  be  plowed  or  scarified  in  order  to  bond  the  new  thin  fill  with 
he  old  surface.  This  applies  only  to  the  area  under  the  pavement 
proper. 

Transferring  Grade  from  Stakes. — A  handy  level  for  transferring 
he  grade  from  stakes  to  the  center  of  the  road  is  shown  below. 


Fig.  336. — String  level. 

[f  well  made  and  properly  used  it  will  transfer  the  grade  elevation 
o'  with  an  error  of  less  than  2",  which  is  close  enough  for  this 
tage  of  the  construction:  Its  proper  use  depends  on  its  being 
ocated  midway  between  stake  and  hand.  If  held  close  to  the 
land  the  grade  transfer  will  always  be  low  due  to  sag  of  the  string. 

Ditches. — The  ditches  must  always  be  dug  out  enough  to  protect 
the  center  grading  before  the  fine  grading  (stone  trench)  is  corn- 
Dieted,  and  it  is  usually  cheaper  for  the  contractor,  as  well  as  better 
or  the  road,  to  dig  them  out  before  the  fine  grading  begins. 

Regulation  of  Materials  in  Fills. — In  fills,  particularly  shallow 
Dnes,  the  road  can  be  greatly  improved  by  a  judicious  selection  of 
available  materials.  Material  taken  from  two  nearby  cuts,  or 
it  different  depths  in  the  same  cut,  will  often  vary  in  character 
ind  the  most  experienced  man  on  the  job  should  indicate  which 
materials  to  use  in  the  center  of  the  fill,  under  the  metalling,  and 
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which  on  the  sides.  The  soils  in  the  order  of  value  for  fills  are 
gravel,  coarse  sand,  loam,  and  clay.  For  shallow  fills  on  a  good 
foundation,  clay  should  not  be  used  under  the  stone,  and  a  good 
material  must  be  overhauled  or  borrowed.  It  is  better  to  avoid 
overhaul  if  possible,  as  it  is  an  item  liable  to  be  disputed  as  to  the 
amount.  Where  it  is  necessary,  a  good  practical  method  of  deter- 
mining the  amount  of  the  small  quantities  of  earth  usually  needed 
is  to  keep  track  of  the  number  of  wagonloads  overhauled  from  sta- 
tion to  station. 

Sod  may  be  used  in  the  sides  of  the  fill  but  should  be  kept  at 
least  s'  outside  of  the  pavement  edge.  It  should  never  be  used  as 
a  shoulder  close  to  the  stone  or  in  the  center  of  the  fill  under  the 
metalling. 

The  author  wishes  to  emphasize  the  importance  of  this  regulation 
of  material.  At  present  the  inspection  of  rough  grading  is  often 
confined  to  keeping  the  sod  from  the  center  fill,  and  the  center  fill 
is  made  of  dirt  just  as  it  happens  along.  As  a  result,  the  subgrade 
will  vary  greatly  in  character  and  if  a  uniform  depth  of  stone  is 
used  over  this  "spotty"  fill,  the  results  are  often  not  satisfactory, 
while  if  the  depth  of  stone  is  varied  to  meet  the  subgrade  conditions, 
an  unnecessary  amount  of  stone  is  used.  In  cases  where  there  is  nc 
choice  of  earth  materials,  the  stone  depth  must  be  made  thick 
enough  to  meet  the  requirements  of  the  grade.  See  Table  153,  page 
959  for  macadam  depths  on  different  soils. 

FINE  GRADING  FOR  STONE  TRENCH  (MACADAM  ROADS 

The  fine  grading  includes  the  shaping  and  consolidation  of  th< 
stone  trench. 

The  construction  shoulder  must  be  at  least  2.5'  wide  and  wel 
consolidated  in  order  to  hold  the  macadam  solidly  during  rolling 
This  must  be  watched  continually  by  the  inspector,  as  it  is  a  pom 
often  slighted. 

,  Grading ;  Pins^.  Construction 

*]     .-^x  /  5houlder 

Fig.  337. 

Shaping  the  Grade. — A  simple  guide  for  shaping  the  grade  i? 
shown  in  the  accompanying  sketch  (Fig.  337)  and  consists  of  three 
strings  (center  and  sides)  stretched  between  pins  driven  at  leasi 
every  50'  and  preferably  every  25'.  The  pins  should  not  be  placec 
at  intervals  of  more  than  50',  as  this  will  cause  objectionable  sa£ 
in  the  lines  and  the  grade  will  be  undulating.  On  vertical  curve? 
at  summits,  the  pins  should  be  placed  at  from  12  to  25'  intervals 
The  grade  elevation  is  transferred  and  the  lines  carefully  set  a1 
their  proper  elevation  by  means  of  a  straight-edge,  level  and  rod 
or  by  stretching  a  line  between  grade  stakes  on  opposite  sides  ol 
the  road  as  previously  described.  The  string  level  recommended 
for  rough  grading  cannot  be  used,  as  it  is  not  sufficiently  accurate 
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The  general  level  of  the  finished  consolidated  fine  grade  should 
oe  correct  to  within  1".  This  leeway  of  1"  from  the  figured  grade 
makes  it  possible  to  get  satisfactory  results  without  wasting  time 
on  finical  work  and  does  not  appreciably  affect  the  total  amount 
of  excavation,  as  the  errors  tend  to  balance.  There  should,  how- 
ver,  be  no  short,  small  irregularities  of  grade  noticeable  to  the  eye. 
Continuous  inspection  on  shaping  the  grade  is  not  necessary. 

Consolidating  the  Grade. — Most  soils  when  slightly  moist  will 
consolidate  readily  if  thoroughly  rolled.  Clay,  heavy  loams  or 
Excessively  fine  sandy  loams  (quicksand)  will  not  pack  when  wet. 
Continued  rolling  is  injurious  for  these  soils  in  this  condition,  as 
they  will  "work"  under  the  roller.  If  they  occur  only  in  small 
Dockets,  they  can  be  removed  and  replaced  with  good  material; 
f  in  stretches  of  any  length  the  grade  must  dry  out  before  placing 
the  stone.  Underdrains  are  constructed  at  this  time,  where 
lecessary,  and  the  surface  ditches  are  cleaned  out  and  made 
effective.  Where  a  hard  shower  has  softened  the  surface  only 
)f  a  previously  consolidated  grade  of  this  kind  and  the  contractor 
wishes  to  lay  stone,  the  surface  can  be  hardened  by  spreading  a  thin 
ayer  of  gravel  or  waste  %"  stone  and  rolling  into  the  earth.  This 
ivill  help  in  preventing  the  stone  teams  from  cutting  up  the  grade. 

Gravels  and  finely  pulverized  clay,  or  clay  loams  (deep  dust), 
vill  not  consolidate  when  dry;  such  material  must  be  thoroughly 
prinkled  to  get  a  compact  grade.  It  is  not,  however,  customary 
:o  sprinkle  coarse  gravels,  even  if  slightly  loose,  as  no  objectionable 
•esults  follow  from  placing  stone  on  such  a  grade;  deep  clay  or 
oam  dust  is  objectionable  and  must  be  sprinkled. 

Coarse  sand  makes  an  ideal  foundation  but  is  hard  to  keep  in 
hape  while  placing  the  first  layer  of  stone.  In  some  cases  sprink- 
ing  will  harden  it  sufficiently;  in  others  a  layer  of  fine  loam  has 
Deen  spread  over  the  sand  and  flushed  in  with  satisfactory  results, 
ometimes  where  loam  is  not  available,  a  cheap  cheesecloth  has 
3een  spread  over  the  top  of  shifting  sand  to  prevent  the  stone  from 
munching  in  too  much  under  the  roller.  The  author  has  never 
mcountered  any  coarse  sand  that  could  not  be  satisfactorily  treated 
jy  sprinkling  and  covering  with  1  or  2"  of  %"  stone;  the  blanket 
)f  ¥±"  stone  prevents  the  sand  from  squeezing  up  into  the  loose 
3ottom  stone  and  spreading  the  fragments. 

While  coarse  sand  makes  a  good  foundation,  a  fine  sand  or 
andy  loam  approaching  quicksand  is  very  treacherous;  it  is  difficult 
o  judge  the  degree  of  fineness  at  which  a  sand  becomes  treacher- 
>us,  particularly  when  it  is  dry.  A  sieve  test  can  be  made  (not 
>ver  30%  should  pass  a  100  sieve),  but  a  good  practical  method  in 
he  field  is  to  saturate  the  material  thoroughly  with  water;  a 
atisfactory  sand  becomes  more  compact  while  an  exceedingly 
ine  sand  gets  "quaky." 

SUBBASE  MACADAM  ROADS 

Determination  of  Stone  Depths  and  Construction  of  Subbase. 

5ractically  the  only  engineering  problem  that  the  constructing 
ngineer  has  to  solve  is  that  of  foundations.  It  is  recognized  by 
nost  designers  and  estimators  that  it  is  impossible  from  even  a 
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careful  preliminary  examination  of  the  soil  to  specify  exactly  the 
amounts  and  depths  of  foundation  stone.  To  meet  this  an  extra 
quantity  of  subcase  or  bottom  stone  is  allowed  the  constructor, 
to  be  used  as  he  sees  fit.  During  the  progress  of  the  rough  and  fine 
grading  the  exact  limits  of  the  different  kinds  of  subgrade  soil  are 
determined  and  the  stone  depths  varied  according  to  his  judgment 
(see  p.  437).  Men  that  really  understand  this  part  of  the  work  are 
hard  to  get,  as  it  is  only  from  extended  experience  and  intelligent 
study  of  their  own  failures  and  successes  that  a  sound  judgment  is 
developed.  An  examination  of  Table  153  (p.  959),  will  help  a 
beginner.  A  good  constructing  engineer  is  much  more  difficult  to 
find  at  present  than  a  good  technical  designer. 

Where  subbase  is  used,  the  subgrade  is  dug  out  to  the  required 
extra  depth  and  rolled  if  it  is  in  such  shape  that  it  will  not  "work.,: 
Peat,  muck,  wet  fine  sand  or  wet  clay  cannot  be  rolled  until  the  sub- 
base  is  placed  and  filled.     Where  it  is  possible,  such  soils  should  be 
drained  and  allowed  to  dry  before  placing  the  base,  but  it  is  ofter 
not   feasible   to   dry  them  enough  to  allow  rolling,  even  thougr 
underdrainage  is  put  in,  which  partially  hardens  them  and  suc- 
cessfully protects  the  road  after  the  stone  has  been  placed.     This  is 
particularly  true  on  flats  where  it  is  hard  to  get  an  outlet  for  1 
drain  or  in  the  fine  sands  on  which  an  underdrain  has  little  efTec 
on  account  of  the  capillary  action  of  the  material.     Where  a  sof 
subgrade  of  this  kind  is  encountered,  a  stony  gravel  makes  tin 
best  subbase,  as  it  contains  no  voids  between  the  larger  fragment 
and  when  rolled  the  soft  underlying  material  cannot  squeeze  uj 
through   the   course.     In   case   boulder  or   quarry-stone   base   i 
used  on  a  soft  grade,  it  is  necessary  to  lay  them  in  close  contac 
by  hand  and  then  fill  the  voids  completely  with  gravel  or  ston 
before  rolling;  otherwise  the  subgrade  material  would  squeeze  u] 
between  the  stones,  separating  them  and  partially  destroying  th 
efficiency  of  the  base. 

In  the  spring  and  fall  of  the  year  it  is  common  to  find  goo<  : 
material  so  saturated  from  long-continued  rains  that  it  acts  badl;  5 
under  the  roller,  and  instead  of  waiting  for  the  grade  to  dry  out  j 
when  the  normal  thickness  of  stone  would  be  sufficient,  subbase  i  : 
often  put  in  either  to  help  the  contractor  so  that  he  will  not  b 
delayed  or  because  the  engineer  is  misled  as  to  the  character  of  th 
material.     This  results  in  a  waste  of  money.     On  the  other  hand 
clay,  when  thoroughly  dry,  is  hard  and  firm,  which  often  influence 
a  new  man  to  omit  subbase  where  it  will  surely  be  needed. 

The  use  of  subbase  should  not  depend  too  much  on  the  actio) 
of  the  grade  under  the  roller  unless  the  degree  of  saturation  of  th 
material  is  considered,  although  it  serves  as  a  guide  in  locatin 
doubtful  spots.  The  final  determination  should  depend  on  tes 
pits  or  bar  and  core  soundings,  which  develop  the  character  0 
the  underlying  material.  See  Table  153,  page  959,  for  macadar 
depths  on  different  soils. 

The  subbase  is  constructed,  as  explained  under  Foundations  t 
page  430,  either  of  gravel,  boulder  or  quarry  stone.  The  depth  i 
gaged  by  lines.  The  ratio  of  loose  to  rolled  depth  is  given  on  pag  ( 
1132. 
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Continuous  inspection  is  not  needed  on  subbase;  the  depth  of 
grading  is  checked  before  the  stone  is  placed  and  the  width,  depth, 
and  workmanship  can  be  readily  determined  after  the  base  is 
:ompleted,  and  by  an  occasional  inspection  during  the  progress  of 
Lhe  work. 

Bottom  Stone. — The  earth  subgrade  must  be  firm  and  compact 
jefore  the  stone  is  spread.  Bottom  stone  must  never  be  laid  on  a 
oft  grade.  One  of  the  most  common  slips  of  inspection  is  to 
dlowthis  to  be  done,  and  the  result  is  a  "punky"  bottom  course 
hat  is  never  up  to  standard.  The  distributing  power  of  this 
ourse  depends  largely  on  the  stone  fragments  being  firmly  inter- 
ocked;  if  the  stone  is  placed  on  a  soft  grade  and  rolled,  the  earth 
vill  squeeze  up  between  the  fragments  and  separate  them. 

The  depth  of  the  loose  stone  is  gaged  by  the  lines  or  cubical 
vooden  blocks  placed  on  the  subgrade.  Blocks  are  more  conveni- 
nt  than  lines  except  over  subbase  of  stone  fills,  where  lines  must 
>e  used  to  get  a  spread  true  to  shape  and  grade.     The  ratio  of  loose 

0  rolled  depths  is  given  on  page  1168.  It  is  impossible  properly  to 
ohsolidate  more  than  6%"  of  loose  stone.  If  the  depth  of  bottom 
ourse  is  greater  than  5"  consolidated  thickness,  it  must  be  laid, 
ompacted,  and  filled  in  two  or  more  layers. 

The  loose  stone  is  rolled  until  the  stones  are  solidly  interlocked 
nd  there  is  no  movement  under  the  roller.  A  single  10  ton,  3  wheel 
oiler  can  properly  consolidate  and  fill  about  100  to  125  consolidated 
u.  yd.  per  day  of  10  hours.  A  thin  layer  of  satisfactory  filler  (see 
Materials,  p.  715)  is  spread  over  the  top,  rolled,  and  broomed  in; 
he  process  is  repeated  until  the  stone  is  thoroughly  filled.  Contin- 
ous  inspection  on  bottom  course  is  not  necessary.  The  widths 
nd  depths  can  be  readily  checked  by  occasional  inspection, 
"he  three  points  to  be  carefully  watched  during  construction  are: 
1)  that  the  grade  is  firm,  (2)  that  the  loose  fragments  are 
horoughly  rolled  before  the  filler  is  applied,  and  (3)  that  the 
nished  surface  is  true  to  shape  and  grade,  as  a  permanently 
tnooth  top  course  cannot  be  constructed  over  a  humpy  bottom; 
ae  top  course  must  be  uniform  in  thickness.  A  great  many 
ispectors  believe  the  contractor  when  he  tells  them  that  he 
an  smooth  up  the  job  with  the  top  course.  He  can  temporarily,  but 
ae  second-season  result  is  hell. 

It  is  desirable  to  complete  the  bottom  course  well  in  advance  of 
ae  top,  in  which  case  the  contractor  can  work  to  advantage  after 
lins,  and  the  course  will  be  better  compacted  by  subjecting  it  to 
mae  traffic  action. 

Where  local  stone  is  crushed  on  the  job  and  the  stone  used  ranges 

1  size  from  1"  to  tailings,  care  must  be  used  in  spreading  that  the 
zes  are  weU  mixed,  as  pockets  of  fine  or  coarse  stone  are  objection- 
t>le.  The  simplest  method  of  mixing  is  to  run  the  different  sizes 
ito  one  bin  at  the  crusher;  if  they  are  separated  they  can  be  well 
dxed  by  loading  one  end  of  the  wagons  with  the  i}i  to  2%"  and 
le  other  end  with  2^  to  2>W \  and  when  dumped  on  the"  grade 
ley  will  run  together.  When  difficulty  is  experienced  with  these 
ethods  in  obtaining  a  well-mixed  stone  spread,  the  loose  stone 
in  be  harrowed.     Many  specifications  call  for  harrowing  thor- 
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oughly  where  a  large  range  of  crushed-stone  size  are  allowed  in 
one  course.  If  possible,  tailings  should  be  used  as  subbase.  When 
used  in  the  bottom  course  having  a  rolled  depth  of  4  or  5",  they 
should  be  placed  in  the  lower  part  of  the  course,  but  for  a  3" 
depth  they  should  be  placed  on  top  and  broken  with  a  knapping 
hammer  into  fragments  of  less  than  3^". 

The  filler  should  not  be  dumped  directly  on  the  stone  unless 
absolutely  necessary.  Drawing  the  loads  onto  the  unfilled  stone 
loosens  the  course,  and,  also,  at  each  pile  of  filler  there  is  apt  to  be 
left  an  excess  which  is  hard  to  clean  off. 

The  approximate  amount  of  filler  required  per  100',  and  the 
spacing  of  i3^-yd.  loads  are  given  below.  The  amount  varies  for 
the  different  materials  used. 

Table    226. — Giving    the    Approximate    Amount    of    Filleb 

Required  per  ioo'  of  Road  for  Crushed  Stone  Macadam 

Bottom  Courses  of  Different  Widths  and  Depths, 

Using  0.35  Cu.  Yd.  of  Filler  per  Cubic  Yard 

of  Rolled  Bottom 

(In  cubic  yards) 


Rolled  depth  of  bottom  course,  inches 

Width  of 

macadam,  feet 

3 

4 

5 

6 

10 

3-2 

4-3 

5-4 

6.6 

12 

3 

8 

s.i 

6.5 

7.6 

14 

4 

5 

6.0 

7-5 

9-0 

IS 

4 

9 

6.4 

8.0 

99 

16 

5 

2 

6.9 

8.6 

10.4 

18 

5 

9 

79 

9-7 

11. 8 

20 

6 

4 

8.6 

10.8 

12.8 

22 

7 

0 

9-4 

11. 8 

14.2 

1 

Table  227. — Giving  the  Approximate  Spacing  of  1.5-Cu.  Yd 

Loads  of  Filler  for  the  Widths  and  Depths  Shown 

in  the  Preceding  Table 

(In  feet) 


Rolled  depth  of  bottom  course,  inches 

Width  of 
macadam,  feet 

3 

4 

s 

6 

10 

46 

34 

27 

23 

12 

40 

30 

23 

20 

14 

33 

25 

20 

17 

IS 

31 

23 

19 

15 

16 

29 

22 

17 

13 

18 

25 

19 

16 

12 

20 

23 

18 

13 

11 

22 

21 

16 

12 

10 
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Grading  and  foundations  have  been  treated  at  some  length,  as 
hey  are  the  most  difficult  parts  of  the  construction. 

Pit-gravel  Bottom  or  Subbase  Bottom. — A  stony  gravel  con- 
aining  not  over  15%  of  loam  makes  a  satisfactory  course;  the 
lepths  vary  from  4  to  18";  pit  or  creek  gravel  even  when  unusually 
oarse  has  from  40  to  60%  of  fine  material;  a  suitable  gravel  for 
►it-run  bottom  should  not  contain  more  fine  material  passing  a 
4"  screen  than  coarse  material  retained  on  a  %"  screen.  If 
here  is  a  large  excess  of  fine,  the  gravel  should  be  screened  and 
emixed  at  the  bin  in  proper  proportions. 

The  great  difficulty  in  this  construction  is  to  get  proper  con- 
olidation  without  too  much  delay.  It  is  advisable  to  lay  a  course 
>f  this  kind  at  least  2  weeks  ahead  of  the  top  stone  in  order  to  give 
raffic  and  rains  a  chance  to  help  consolidate  the  course.  The 
ddition  of  10%  of  loam  to  clean  gravel  will  quicken  the  consolida- 
ion.  This  can  be  done  either  at  the  pit  by  leaving  a  thin  layer  of 
mm,  when  stripping,  which  runs  down  with  the  gravel  in  loading  or 
y  placing  from  ^  to  1"  of  loam  on  top  of  the  gravel  as  spread  on 
he  road.  The  author  has  succeeded  in  getting  rapid  consolidation 
y  snatching  loaded  teams  over  the  loose  course  with  the  road 
aller;  the  roller  continually  smooths  out  the  gravel  and  eases  the 
aul  for  the  teams;  the  horses'  hoofs  and  wagon  wheels  punch  into 
tie  gravel  and  pack  it  down  rapidly.  Sprinkling  helps.  A  gravel 
ottom  consolidates  unevenly  and  it  is  always  necessary  to  reshape 
;  somewhat  after  consolidation;  about  10  cts.  per  cubic  yard  should 
e  allowed  for  this  reshaping  of  crown  and  elimination  of  humps 
nd  hollows.     A  properly  consolidated  gravel  bottom  will  permit 

4-ton  load  on  3^2"  tires  passing  over  it  without  making  a  wheel 
lark  over  }£"  deep;  this  is  a  simple  available  construction  test. 
fe  have  gone  into  some  detail  covering  this  construction  as  it  is  the 
tost  economical  type  of  bottom  in  a  large  number  of  cases  but  is 
ot  generally  favored  because  it  is  harder  to  consolidate  than  the 
ther  types  of  bottom.     With  a  3"  or  preferably  a  4"  macadam  top 

has  proved  perfectly  satisfactory  on  Class  III  and  IV  traffic 
>ads. 

The  depth  of  gravel  is  gaged  by  blocks  or  lines  and  the  ratio 

r  loose  to  rolled  depth  is  approximately  1.20. 

Water-bound   Top. — Water-bound    top  is   constructed  in   the 

ime  way  as  the  bottom  course  except  that  stone  dust  is  used  for  a 

ler  and  the  course  is  puddled  as  has  been  described  (see  Specifi- 

tions,  p.  1454). 

If  the  stone  used  is  a  local  stone  crushed  on  the  job,  the  output 

the  crusher  must  be  carefully  controlled,  especially  when  selected 

)ulders  are  used,  as  it  is  very  important  that  the  size  and  quality 

such  stone  shall  be  uniform. 

aterials  Required. 

For  amount  of  limestone  screenings,  see  page  1168. 

For  amount  of  stone  required,  see  page  1168. 

For  ratio  of  loose  to  rolled  depths,  see  page  1168. 

For  suitability  of  materials,  see  page  440. 

For  amount  of  water,  see  page  1172. 
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Imported  stone  can  be  inspected  on  the  cars.  Aside  from  this, 
comparatively  little  inspection  is  required  except  at  the  stage 
when  the  loose  stone  has  been  rolled  and  before  the  screenings  are 
spread.  At  this  time  the  inspector  should  examine  the  rolled 
course  very  carefully  to  see  that  it  is  true  to  shape  and  has  no  short 
depressions  or  humps.  The  smooth-riding  quality  of  the  road 
depends  on  this  inspection  and  too  much  care  cannot  be  taken. 
This  point  is  particularly  emphasized,  as  many  stone  roads  have 
been  criticized  as  rough  for  automobile  traffic.  Any  depressions 
are  filled  with  stone  of  the  same  size  as  the  body  of  the  course  and 
rolled,  after  which  the  course  is  again  inspected  and  corrected 
until  it  is  made  true.  The  screenings  are  then  spread,  broomed  in 
dry,  and  puddled.  In  puddling  use  plenty  of  water  and  roll 
rapidly.  If  a  pipe  line  and  hose  are  used,  a  pressure  of  100  to  125 
lb.  at  delivery  should  be  maintained.  The  road  can  be  conven- 
iently puddled  in  stretches  of  100  to  200'. 

After  the  road  has  dried  out  and  been  open  to  traffic,  if  raveling 
occurs,  it  can  usually  be  remedied  by  fight  sprinkling  and  rolling 

Where  the  top  course  is  granite,  gneiss,  or  trap,  it  is  often  neces- 
sary to  use  a  certain  percentage  of  limestone  dust  with  the  norma 
screenings.  The  limestone  is  more  effective  when  spread  last 
filling  the  top  voids  of  the  course. 

Bituminous  Macadam :  Penetration  Method. 

Amounts  of  material,  see  pages  446  and  1141. 

The  main  points  to  be  controlled  in  bituminous-macadam  top  are 

1.  Proper  size  of  stone. 

2.  Uniformity  of  spread. 

3.  Proper  depth  of  spread. 

4.  Proper  preliminary  rolling  and  truing  up  of  stone  spread. 

5.  Proper  heating  and  spread  of  bitumen. 

6.  Insistence  on  thorough  final  rolling. 

7.  Construction  inspection  records. 

8.  See  also  Specifications  (p.  1458). 

Under  careful  inspection,  a  top  course  of  this  type  is  smoot 
riding  and  should  not  develop  inequalities  of  surface  over  %"  in  10' 

Practically  all  the  inspection  items  have  been  discussed,  but  fo 
convenience  of  readers  who  merely  refer  to  this  paragraph  withou 
following  through  the  discussion  in  Chap.  VI  the  essentials  wi 
be  repeated. 

A  uniform-sized  clean  grade  of  coarse  stone  is  important;  xj 
to  2^2 "  is  usually  specified  and  the  inspector  must  examine  a 
rail  shipments  during  unloading  and  as  delivered  on  the  road  to  se 
that  not  over  15%  of  the  stone  as  spread  is  less  than  i>£"  in  siz< 
Undersized  or  non-uniform  stone  should  be  rejected.  In  spreac 
ing  the  stone,  small  pockets  of  fine  stone  which  always  occur  a 
intervals  even  with  the  best  grade  of  aggregate  must  be  dug  ou 
and  replaced  with  well-graded  aggregate.  The  depth  of  the  loos 
spread  must  be  checked.  The  depth  of  spread  is  usually  regulate 
by  cubical  blocks  of  wood  resting  on  the  subgrade.  The  amour 
of  stone  used  can  be  checked  by  railroad  weights  if  imported  ston 
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is  used.  For  the  proper  amount  of  coarse  aggregate,  see 
page  447.  After  the  preliminary  rolling,  a  careful  inspection  of 
the  course  should  be  made  for  humps  or  hollows.  This  is  the 
proper  time  to  eliminate  such  defects,  and  all  inequalities  in  the 
surface  must  be  corrected  by  removing  a  small  amount  of  the  stone 
or  adding  additional  i}i  to  2^"  size  and  rerolling.  Inequalities 
never  can  be  fixed  by  the  addition  of  small-sized  stone.  Stone 
spread  does  not  require  continuous  inspection,  as  all  faults  can  be 
detected  by  examination  at  any  time  before  the  bitumen  is  applied. 

A  careful  check  must  be  kept  on  the  temperature  of  the  bitumen, 
as  overheating  is  very  injurious  and  underheating  spoils  a  free- 
flowing  spread.  Temperature  should  be  tested  with  a  thermometer 
at  short  intervals,  but  after  a  little  practice  the  inspector  can  tell 
by  visual  inspection  whether  the  temperature  is  proper.  If  too 
hot,  a  heavy  white  smoke  develops  on  pouring.  If  too  cold,  the 
bitumen  pour  is  a  rubbery-like  sheet.  Maximum  and  minimum 
temperatures  are  given  in  all  specifications  and  vary  for  the  material 
used.  The  inspector  must  reject  all  overheated  material  as  too 
many  failures  have  resulted  from   carelessness  in  overheating. 

In  applying  by  whatever  method,  care  must  be  exercised  to 
Drevent  frequent  cases  of  overlap,  as  waves  or  humps  develop  at 
these  points.     These  defects  do  not  appear  for  some   time   after 
the  road  is  opened  for  traffic  and  the    inexperienced    inspector 
:"ails  to  realize  the  necessity  for  care  in  this  particular.     As  soon 
is  the  bitumen  is  spread,  the  inspector  must  examine  the  spread 
:arefully,  and  where  pools  of  bitumen  occur   (a  few  cases  will 
ilways  occur  even  with  the  greatest  care),  the  entire  top  course 
'stone  and  all)  must  be  removed  and  replaced  with  new  stone, 
.amped  or  rolled,  and  repoured.    Lean  spots  should  be  given  a 
ittle  extra  bitumen.     The  inspection  of  bituminous  application 
nust  be  continuous  and  is  vitally  important  in  the  success  of  the 
mvement.     Specifications  generally  state  that  the  stone  must  be 
dean  and  dry.     Bitumen  should  not  be  spread  if  the    stone    is 
lirty,   but  practically  a  slight  dampness    is    not    injurious.     It 
hould  not  be  wet  but  a  slight  dampness  does  no  harm;  a  practical 
est  is  that  there  must  be  no  pools  of  water  in  the  bottom  of  the 
:ourse  and  the  stones  must  not  be  so  damp  that  a  hissing  sound  is 
>roduced  when  the  bitumen  is  applied  at  a  temperature  of  300  to 
!4o°F.     In  the  writer's  opinion,  the  air  temperature  should  not  be 
ess  than  5°°F.,  as  bitumen  applied  in  cold  weather  is  so  chilled 
■rhen  it  strikes  the  stone  that  an  excessive  amount  is  retained  on 
he  surface.     As  soon  as  the  bitumen  is  applied,  a  thin  layer  of  %" 
tone  is  spread  over  the  surface  and  rolled  lightly;  continued  rolling 
t  this  point  is  injurious,  as  freshly  laid  bituminous  tops  tend  to 
hove  under  the  roller  and  form  waves.     The  road  can  be  thor- 
ughly  rolled  and  shaped  to  advantage  only  after  the  bitumen  has 
ad  some  time  to  harden.     Good  results  have  been  obtained  by 
oiling  thoroughly  the  succeeding  day  after  the  binder  is  applied 
niess  in  the  meantime  rain  has  saturated  the  course,  in  which  case 
:  must  be  allowed  to  dry  before  rolling.     In  the  author's  opinion, 
le  best,method  of  rolling  is  to  roll  twice  over  lightly  each  morning 
>r  10  days  and  gradually  bring  the  road  down  to  a  hard  firm  surface 
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giving  it  a  very  thorough  final  rolling  at  the  end  of  a  week  or  10  da; 
The  roller  must  not  be  reversed  suddenly.  It  must  run  easi 
to  rest  and  start  gradually.  Before  rolling  is  started  the  | 
stone  should  be  spread  evenly  and  any  excess  broomed  off. 

One  roller  can  handle  an  average  of  approx.  80-100  cu.  yd.  consc 
dated  top  per  day.  If  the  rate  of  spread  exceeds  this  amoi 
additional  rollers  will  be  required.  Rollers  should  be  the  3  wh 
type  of  at  least  10  tons  weight. 

The   amount  of   bitumen   spread   per   square   yard   is   usua 
controlled  by  spreading  a  given  number  of  pots  or  hods  or  tar 
in  a  given  length  of  the  road.     These  units  of  length  can  read 
be  marked  off  by  the  inspector  with  a  stick  or  tape.     This  mett 
will  be  satisfactory  if  checked  up  twice  a  day  by  the  number 
barrels  used.     When  the  binder  is  heated  in  small  kettles,  it  \ 
sometimes  catch  fire,  but  this  is  usually  due  to  scale  which  1 
collected  in  the  tank,  and  if  cleaned  out,  it  generally  remedies 
trouble.     Bitumen  has  different  volumes  at  different  temperatu 
(see  following  table).     The  inspector  should  bear  this  in  mind; 
rate  of  application  generally  applies  to  6o°F.,  so  that  a  correct 
is  necessary  if  tanks  are  rated  by  volume  capacity  at  spread 
temperatures  of  250  to  35o°F.     The  simplest  method  of  measi 
ment  and  payment  is  by  the  pound  or  ton  weight  unit  bases, 
volume-correction  table  follows. 

Table  228 

To  400°F.  is  approximately  12%  volume  increase 
To  350°F.  is  approximately  10  %  volume  increase 
To  300°F.  is  approximately  8  %  volume  increase 
To  250°F.  is  approximately  6%  volume  increase 
To  200°F.  is  approximately  4%  volume  increase 
To  I50°F.  is  approximately  2%  volume  increase 
To    6o°F.  is  approximately    o  %  volume  increase 

Where  bituminous  materials  are  heated  by  steam  it  is  of 
convenient  to  know  the  temperature  of  steam  at  different  p 
sures;  the  following  table  is  inserted  for  this  purpose. 


Table  229 


Pressure 

gage, 

pounds  per 

square  inch 


IS 
20 
40 
60 
80 
100 


Tempera- 
ture of 
steam, 
degrees 

Fahrenheit 


Pressure 

gage, 

pounds  per 

square  inch 


Tempera- 
ture of 
steam, 
degrees 

Fahrenheit 


Pressure 

gage, 
pounds  per 
square  inch 


Tempei 

ture  o 

steam 

degree 

Fahrenh 


213 
228 
267 
293 
312 
328 


100 
120 
140 
160 
180 
200 


328 
341 
353 
363 
373 
382 


200 
220 
240 
260 
280 
300 


382 
390 
397 
404 
411 
417 


1  Normal  air  pressure,  is  lb.;  to  get  ordinary  steam  gage  reading  subt 
IS  lb.  from  the  values  given  in  this  table. 
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INSPECTION  RECORD  FORM 

Name  of  Road:   Pittsford- Naples 
Date:  July  21,  1922 


iispector:  John  Doe 
ngineer:   Richard  Roe 
on  tractor:  John  Smith 


Record  of  Inspection 


attorn  course:  Examined  and  approved  Sta.  125  +50  to  140  +  00. 
Two  depressions  Sta.  135  +  20  and  137  +  30  filled  in 
with  No.  3  stone  rolled  and  filled. 

Dp  course,   stone   spread:  Sta.     125  +  SO     to     131  +  25     examined     and 

approved;  no  corrections  necessary  for  depth 
or  uniformity, 
nder  coat  (asphalt):  Sta.  119  to  124  +  10. 

Official  acceptance,  dated  July  1,  1922. 

Method,  hand  spread. 

No.  sq.  yd.  covered,  910. 

No.  gal.  used,  1,650  +  . 

Rate  of  application,  1.8  gal.  per  sq.  yd. 

Temperature,  Max.  3400,  Min.  2900 

Air  temperature,  6o°  to  8o°. 

al  coat:  None  used  on  this  road. 

nish  rolling:  Sta.  85  to  90. 

Routine  rolling  90  to  126. 

;marks:   40  gal.  bitumen  rejected  on  account  of  overheating  small  amount 
left  in  one  kettle. 

Signed, 
JOHN  DOE 

CEMENT-CONCRETE  PAVEMENTS 

Amounts  of  material,  see  pages  461  and  1145. 

"Manipulation  of  Concrete.  Inspection  Details.— The  following 
potation  from  New  York  Instructions  (1923)  outlines  the  main 
pints  to  be  considered  in  connection  with  concrete  pavement 
mstruction: 


NE    COURSE    PLAIN    AND    REINFORCED    CONCRETE 

"The  fundamental  requirements  to  be  followed  in  building  a 
nain  or  reinforced-concrete  pavement  according  to  our  Standard 
Decifications  are: 

j    1.   Properly  prepared  subgrade. 

2.   Thorough  and  complete  drainage  system. 
I    3.  Full  depth  of  pavement. 

4.  Full  cement  content. 

5.  Clean  and  well-graded  aggregates. 

6.  Proper  proportioning  of  aggregates. 

7.  Accurate  water  measurement. 

8.  Mixing  interval  to  be  at  least  1  mimite. 

9.  Placing  reinforcing  material  as  specified. 
10.  Proper  compaction  of  concrete. 

-  11.  Staking  joints  securely  and  placing  them  exactly  perpendicular. 

12.  Finishing  at  the  proper  time  and  according  to  specifications. 

13.  Curing  for  the  full  period  called  for  in  the  specifications. 
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"The  surface  of  this  type  of  pavementcan  be  made  even  and  tn 
and  free  from  waves,  irregularities,  and  uneven  joints.  Win 
defects  are  found,  they  are  the  result  of  lax  inspection  and  po 
workmanship. 

"Preliminary  Preparation. — Before  starting  to  lay  the  concrel 
pavement,   the  inspector  must  see  that  the  contractor  has  1 
concrete    mixer,    subgrade    tester,    roller    and    belt    or    finishi 
machine,  split  float  and  bridge  for  finishing  at  joints,  straight-ed<  i 
template   for  reinforcement,  edging  tools,  stone  forks,   chargi 
conveyances  (of  uniform  size),  measuring  boxes,  steel  bulkheac 
forms,  pins  for  staking,  striking  template,  reinforcing  fabric  j 
flat  sheets,  expansion-joint  material  in  straight  full  or  half  lengtll 

&Qri  'dolts  spaced  12  c.  to  c.  threaded  with  Nufc  and  Washers 
8        fo  adjust  to  proper  length  toget  any  desired  Crown  Curve 


"  i 


r4x4  Timber  ?  longer 
:  than  width  of  Pavement 


T^f    t 


'"'Side Form      /  ■  ■  ]'  Sub-Grade        Forms  '  j 

Variable  Distance  to  produce 
proper  depth  oFSub-Grade 
below  top  of  Forms  and  proper. 
Crown  shape 

Sub-grade  tester. 
Fig.  338. — Sub-grade  tester. 

covering  canvases  and  forms  for  same.  The  mixer  must 
equipped  with  timing  and  water-measuring  devices,  as  well  J 
satisfactory  charging  skip  and  discharging  chute  or  bucket  t 
specified.  It  is  necessary  that  all  this  equipment,  tools,  d 
material  be  first  class  and  approved  by  the  division  engin : 
before  the  work  of  placing  concrete  wearing  surface  may  be  star  i 
and  that  they  be  kept  in  first-class  condition  during  the  progi  \ 
of  the  work. 

"Aggregate. — The  fine  and  coarse  aggregate  shall  be  well-grad  , 
clean  products  which  have  been  tested  and  approved  by 
engineer  of  tests  before  being  used  in  the  work.1  Field  tel 
must  be  made  daily  for  sizing,  loam  content,  and  orgat 
impurities.  The  inspector  must  watch  carefully  the  mater  8 
as  they  are  delivered  to  the  work  and  in  case  of  rail  shipments  m  t 
have  an  understanding  with  the  contractor  that  he  must  f 
notified  in  order  that  the  cars  can  be  inspected  for  acceptance  r 
rejection  before  unloading.2 

"Each  material  must  be  kept  clean  and  not  allowed  to  beccl 
mixed  with  dirt  and  other  materials.     Fine  aggregates  must  e 

1  See  Chapter  II  for  test  methods. 

2  Central  batching  from  large  stock  is  generally  specified  to  prevent  d| 
aggregate. 
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oveled  and  coarse  aggregates  forked  from  the  tops  of  the  piles 

order  to  minimize  the  chances  of  picking  up  dirt.  Aggregates 
:.at  cannot  be  forked  or  shoveled  clean  must  be  rejected. 

"Frequent  visits  should  be  paid  to  the  sand  pits  and  quarries, 
:pecially  those  in  which  there  are  questionable  materials.  In 
sone  quarries,  consideration  must  be  given  to  stripping  and  the 
isposal  of  unsatisfactory  waste.  Screen  openings  must  be 
kecked   and   the   proper  facilities   adopted   that   will   insure    a 

orough  mixture  of  sizes. 

"Cement  must  be  carefully  stored  and  kept  dry.  Under  no 
.••nditions  shall  it  be  placed  on  the  ground.  Samples  of  each  car, 
ihen  not   tested   at  the  plant  in  accordance  with  instructions, 

ust   be  sent  to  the  laboratory.     Pending  a  report  the  cement 

.nnot  be  used. 

"Forms. — Forms  shall  be  erected  only  after  the  subgrade  has 

;en  properly  prepared.     The  subgrade  tester  shall  be  operated 

am  these  forms  in  accordance  with  the  specifications  to  insure 

.e  proper  depth  for  the  pavement  at  all  points.     The  subgrade 

ster  must  remain  at  the  mixer  at  all  times  and  must  be  used  at 
l.ch  move  of  the  mixer.     [This  stipulation  is  not  always  feasible.     It 

better  to  check  the  grade  with  the  tester  for  a  hundred  feet  ahead  of  the 
4xer  and  then  correct  any  smalt  rutting  due  the  teaming  or  moving 

e  mixer  by  eye.    A  tester  under  the  mixer  boom  is  an  abomina- 

m.]  It  always  must  be  used  in  a  vertical  position  and  when 
>ing  moved  shall  not  be  raised  from  the  side  forms.  A  string 
vel  should  never  be  used  in  setting  side  form.     A  suitable  true 

raight-edge  and  3'  carpenter's  level  must  be  used  and  the  level 

ust  be  checked  for  accuracy  by  reversing  it. 

"Only  straight,  substantial,  and  clean  forms  shall  be  used.  Wood 
•rms  should  only  be  used  for  curves  of  less  than  150'  radius.  All 
iQsatisfactory  or  rejected  forms  shall  be  removed  from  the  work. 
\  "Wooden  forms  must  be  used  on  curves  of  150' radius  and  less, 
nwcuts  shall  be  made  at  frequent  intervals  to  obtain  the  necessary 
■ue  curvature. 

"All  forms  must  be  oiled  or  greased  each  time  before  use. 
ftraightening  must  be  done  whenever  necessary. 

'able   230. — Middle  Ordinates  for   String  Lining  Curves, 

in  Inches 


100 

98 

93 

87 

82 

76 

69 

62 

■ 

58 

Middle  ordinate  for  1  "curve 

2^2^2)4 

2 

ih\ih\iH 

I 

K 

53  49  44  38  35  I30J  25   20     15 

Middle  ordinate  for  i°  curve 

1      1      1.     1        I.I        : 

He 

j 

To  get  middle  ordinate  for  any  curve  multiply  the  value  given  by  the 
egree  of  curvature  of  the  curve  in  question. 
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"  Forms  must  be  set  accurately  and  substantially.  Poor  I 
and  grade  are  not  only  annoying  in  appearance  but  result  in  uneU 
surfaces  and  indicate  careless  work.  Forms  shall  be  pro  tec  d 
against  any  disturbances  such  as  dumping  materials. 

"  The  subgrade  must  be  brought  to  a  true  elevation  and  roll 
to  a  width  of  at  least  18"  outside  of  the  form  line.  The  praci© 
of  blocking  up  forms  on  stones  where  the  subgrade  is  low  and  af  SI 
wards  tamping  a  loose  dirt  fill  inside  and  along  the  form  must  m  I 
be  allowed.  If  the  subgrade  is  found  to  be  too  low  after  forms  ler 
placed,  they  must  be  removed,  the  subgrade  brought  to  the  pre  11 
elevation  and  rolled  for  the  required  width  before  the  forms  fi 
finally  reset  to  a  full  and  even  bearing  on  the  subgrade. 

"  Two  hundred  feet  on  both  sides  must  be  set  at  all  time  n 
advance  of  the  mixer.  There  shall  be  string  line  stretches  on  ■ 
side,  then  checked  by  eye  in  order  to  detect  any  irregularii  I 
Special  attention  should  be  given  to  joints  in  forms,  and  when  1  ■ 
of  forms  do  not  coincide  at  these  points,  the  forms  should  jej 
rejected.  Short  curves  and  parts  of  the  tangents  should  be  1 
out  at  the  same  time  in  order  to  get  an  intelligent  check.  Mic  ■ 
ordinates  for  various  lengths  of  chords  for  the  different  cuj  & 
should  be  at  command,  in  order  to  eliminate  kinks  and  une  oi 
curves.1  A  line  of  forms  shall  be  securely  staked  to  this  string  c 
and  then  the  opposite  side  is  placed.  Care  must  be  used  to  get  ^ 
proper  width  and  elevation  for  opposite  forms. 

"  Curves  shall  be  widened  and  superelevated  in  accordance  \  a 
standards  when  indicated  on  the  plans. 

"  Grades  as  shown  on  plan  shall  be  on  the  normal  center  lin  f 
the  roadway  on  superelevated  curves.  No  concreting  shall  s  t 
on  a  widened  curve  until  forms  are  erected  and  checked  on  b  I 
sides. 

"  All  forms  must  be  removed  within  24  hr.  after  concreting. 

"  The  inspector  should  carefully  examine  the  edges  of  the  pejj 
ment  immediately  after  the  removal  of  the  side  forms  and  f 
concrete  is  honeycombed,  have  it  sealed  with  cement-sand  mor  ^ 
afterward  insisting  on  a  more  adequate  spading  of  the  cone:  Bj 
adjacent  to  side  forms. 

"  Measuring  Devices,  Checking  Quantities  and  Compositioi  - 
Proportions  shall  not  be  varied  for  any  reason  without  appro  1; 
of  the  division  engineer.  The  correct  measuring  of  all  materia.  5 
essential  in  securing  satisfactory  work. 

"  The  contents  of  all  proportioning  boxes  and  batch  boxes  rrlj 
be  determined  by  accurate  measurements  and  such  changes  B) 
are  necessary  in  regulating  the  proportioning  must  be  made  p  W 
to  beginning  operations. 

"  The  inspector  must  keep  accurate  check  on  the  amount  of  ceml 
used  and  maintain  a  daily  record  of  the  length  of  pavement  ll 
and  the  quantities  of  cement  required  and  used. 

"  The  inspector  shall  arrange  for  the  weighing  of  an  occasioB 
bag  of  cement  to  see  that  they  contain  94  lb.  net  (with  an  alknH 
variation  of  5%)  and  must  be  sure  that  the  man  dumping  cemt; 
shakes  the  bag  well  in  order  to  get  the  entire  amount  out  of  | 
sack. 

1  See  page  1301. . 
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"  The  number  of  empty  bags  must  be  counted  about  every  2  hr. 
nd  then  placed  in  separate  piles  or  removed  from  the  work. 
?his  method  will  relieve  accumulation  of  any  shortage  or  excess. 

"  The  use  of  industrial  systems  will  require  one  inspector  at  the 

material   yards.     Cars   on    which    the    aggregates   are    measured 

irect  must  have  separate  and  vertical  compartments  for  each 

ind  of  aggregate  and  must  be  of  the  exact  size  of  the  batch  in 

rder  to  insure  correct  proportions. 

"  Combined  aggregates  shall  not  be  permitted  to  be  measured  in 
ertical  containers  of  one  opening.  In  this  case  especially  arranged 
leasuring  devices  must  be  used  for  each  aggregate  from  which 
he  container  can  be  filled. 

"  Care  must  be  used  in  protecting  the  cement  against  wind  during 
tie  loading  process.  If  necessary,  erect  a  canopy.  In  cars  when 
he  cement  will  be  exposed,  lids  or  covers  must  be  used  at  all  times. 
Fnder  no  conditions  permit  cement  that  cannot  be  used  immedi- 
tely  to  be  loaded  on  industrial  cars. 

"  Some  jobs  will  require  different  methods  from  these,  depending 
n  the  contractor's  equipment.     Consideration  must  be  given  and 

there  are  any  unusual  features,  the  division  engineer  should  be 
ailed  to  the  work  for  final  decisions  as  to  the  method  to  be  used 
y  the  inspector. 

"  Consistency. — The  consistency  of  concrete  is  very  important 
ecause  the  strength  is  greatly  reduced  by  the  use  of  excess  water. 
)nly  sufficient  water  shall  be  used  that  will  form  a  concrete  similar 
1  consistency  to  moist  (not  wet)  earth  when  a  finishing  machine  is 
sed  and  quaking  wet  for  hand  finishing.1  The  inspector  must 
ote  the  moisture  of  the  sand  in  order  to  vary,  whenever  necessary, 
he  amount  of  water.  (See  also  pp.  461  and  744  for  consistency 
nd  slump  tests.) 

"  The  contractor  shall  be  required  to  have  a  glass  gage  on  the 
lixer  in  order  visually  to  determine  the  quantity  of  water  for  each 
■atch.  Examination  must  be  made  of  all  valves  and  pipes  in  the 
lixer  to  detect  leaks  which  cause  non-uniform  amounts  of  water 
ier  batch. 

"  The  concrete  shall  be  particularly  dry  for  finishing-machine 
;ork.  A  wet  concrete  will  not  only  be  low  in  strength  but  a  scale  of 
iiortar  may  be  formed  which  will  peel  off  in  course  of  time  under 
irafnc.  Frequent  examinations  throughout  the  day's  work  should 
>e  made  in  the  recently  finished  concrete  by  inserting  vertically  a 
<>lunt  end  of  a  pencil  in  the  surface  in  order  to  detect  excess  mor- 
tar. There  should  be  only  sufficient  mortar  completely  to  cover 
jhe  coarse  aggregate. 

"Non-uniformity  in  the  consistency  of  the  concrete  results  in 
i.neven  surfaces;  therefore,  the  inspector  must  correct  at  once 
aults  in  the  water-supply  system  of  the  mixer  and  not  allow  the 
-rork  to  proceed  until  these  faults  have  been  found  and  corrected. 

I  After  the  pavement  is  finished  and  before  it  hardens,  be  sure 

<hat  no  stones  project  above  the  surface  or  that  the  surface  appears 

f  1  Avoid  extremely   dry  concrete,   as  under  the  usual   inspection  better 
ssults  are  obtained  with  a  fairly  easy-flowing  consistency. 


i3°4 


INSPECTION  DETAILS 


honeycombed.     Have  these  faults  corrected  by  using  a  hand  floa 
the  reapplication  of  the  finishing  machine. 

"Mixing. 1 — The  concrete  mixer  must  be  equipped  with  appro 
timing  and  water-measuring  devices  and  an  approved  device 
discharging  the  concrete,  all  of  which  must  be  kept  in  workt 


3  Gofer  tY/cc  o/we-Ttrrtf  CVfCr  e<7$e  offtOKCnent^ 

Fig.  339. — Screed  strike  board. 


condition  at  all  times.  The  time,  as  noted  in  the  specificat 
must  be  strictly  adhered  to.  The  concrete  must  not  be  dischai 
until  the  full  time  has  expired.  At  frequent  intervals  the  inspe 
should  check  the  time  of  mixing.  The  time  of  mixing  shaL 
measured  from  the  time  the  last  material  enters  the  drum  from 
loading  skip  until  the  first  material  is  discharged  into  the  buc 
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Fig.  340. — Detail  of  roller. 


"  The  skip  shall  not  be  dumped  into  the  mixer  until  the  prev 
batch  has  been  entirely  discharged;  otherwise  non-uniform  m 
will  result. 

"  Placing. — Concrete  shall  be  placed  only  on  a  subgrade  w. 
has  been  tested  by  means  of  a  subgrade  tester  placed  at  the  disch; 
end  of  the  mixer.     The  subgrade  must  be  firm  and  smooth  an< 

1  For  effect  of  time  of  mixing  on  strength,  see  Chapter  VI,  page  475^ 
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material  removed.     Loose  material  along  the  forms  must  be 
ved  by  means  of  a  square-point  shovel  or  spade. 


,j  Corr/'&pe  6o//s 


ELEVATION 

ST 


ELEVATION  AT  ENDS  ELEVATION  AT  CENTER 

Fig.  341. — Finishing  bridge. 

The  first  layer  of  concrete  shall  be  deposited  to  the  depth  of 
ic  reinforcing,  2"  below  the  surface  of  the  pavement  and  struck 


Fig.  342. — Split  float. 

vith  an  approved  template.  Rod  reinforcement  shall  be  placed 
rom  all  transverse  expansion  and  construction  joints  and  at  a 
th  equal  to  2" . 


V~'z'-\ 


;   a  ,      ,  ,  n 

8  s  G" 


For  Protected  Joints 


For  Unprotected  Joints 
Fig.  343. — Testing  straight  edge. 

The  fabric  reinforcement  must  be  perfectly  flat  when  placed  in 

work.     If  furnished  in  rolls,  it  must  be  flattened  by  the  use  of 

lachine.     The  fabric  must  extend  to  within  2"  of  all  sides  and 

it  be  lapped  as  specified.     It  must  be  protected  before  use  from 
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the  weather  except  as  required  from  day  to  day.  Under  no  a 
dition  shall  it  be  stored  in  the  open,  especially  during  the  win 
months. 

"  The  fabric  reinforcement  is  placed  2"  below  the  surface, 
striking  template  insuring  a  2"  depth  must  be  used. 

"  After  the  placement  of  fabric  reinforcement,  the  remaining 
of  concrete  is  placed.  It  must  be  placed  of  sufficient  depth 
have  a  slight  excess  ahead  of  the  strike  board  for  finishing.  Do  i 
permit  the  workmen  to  walk  on  this  concrete  after  the  inil 
spreading. 

"  Evenness  of  finished  pavement  surface  is  insured  by  the  pro] 
even  spreading  and  distribution  from  the  drop  bucket  of  the  mix 
Uneven  distribution  and  attempts  to  fill  in  low  places  with  mor 
results  in  a  wavy  surface  which  is  detected  only  after  the  mor 
has  hardened. 

"Finishing. — As  soon  as  the  full  depth  of  concrete  has  b< 
spread,  it  shall  be  struck  off,  either  by  a  hand  template  or  approA 
finishing  machine.  A  slight  excess  of  concrete  must  be  maintaii 
ahead  of  the  strikeboard.  Depressions  and  holes  must  be  fil 
with  concrete,  not  mortar,  and  must  be  retamped. 

"  A  hand  template  must  be  of  specified  length  and  weight, 
shall  be  first  worked  in  a  crosswise  movement  and  then  followed 
tamping,  to  insure  a  proper  cross-section  and  the  imbedding 
coarse  aggregate.  The  template  shall  be  operated  until  within 
of  an  expansion  joint,  and  then  lifted  to  the  joint  and  worked  b< 
from  the  joint.  Excess  mortar  and  concrete  must  be  carefi 
removed  and  in  no  case  be  permitted  to  remain.  Templa 
(both  hand  and  finishing  machine)  must  be  checked  frequen 
for  crown. 

"  Immediately  after  tamping,  the  sides  must  be  spaded  conti: 
ously  in  order  to  prevent  honeycombed  sections  and  to  insure  sa 
factory  edging.  Any  excess  mortar  or  concrete  must  be  remov 
The  sides  along  the  bulkhead  and  filler  must  be  spaded  to  ins 
dense  surfaces  and  to  ease  the  lifting  of  the  bulkhead  agai 
raising  the  filler. 

"  Hand  tamping  shall  be  followed  by  a  roller  of  standard  dim 
sions  and  weight.  The  use  of  roller  must  not  be  delayed  until  1 
surface  is  partially  set;  otherwise  the  concrete  will  be  lifted, 
early  rolling  will  remove  too  much  mortar  and  not  water.  I 
roller  must  be  moved  slowly,  not  to  exceed  16'  in  40  sec,  and  m 
be  passed  over  and  back,  the  roller  then  being  lifted  and  advani 
one-half  its  length,  the  rolling  operation  then  being  repeat 
The  first  rolling  must  proceed  from  the  end  of  the  slab  first  laid,  a 
free  water  must  be  allowed  to  come  to  the  surface  between  ec 
rolling.  The  roller  must  be  wetted  after  each  operation  and  k< 
clean  and  true  in  form. 

"  Belting  of  the  surface  shall  follow.  The  belt  shall  be  kept  mc 
or  oiled  and  cleaned  at  all  times,  in  order  that  the  full  width  c 
rest  on  the  pavement.  The  belt  must  not  be  so  heavy  as  to  mi 
the  finished  surface.  The  belt  shall  be  operated  in  a  crossw 
movement,  so  that  any  part  for  the  total  and  breadth  rests 
the  pavement. 
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There  should  be  two  beltings.  The  first  must  be  slow  to  take 
^Irregularities,  remove  excess  water  and  smooth  out  the  surface. 
Usecond  shall  be  a  little  faster  in  the  forward  motion  to  give  the 
m  and  prevent  markings.  Never  permit  a  belt  to  remain  on 
Bi  concrete. 

Approved  finishing  machines  may  be  used  in  place  of  hand  work, 
tin  such  is  the  case,  it  is  necessary  for  the  contractor  to  have 
kpment  for  hand  work  which  can  be  resorted  to  in  the  case  of  a 
rckdown  in  the  finishing  machine. 

En  the  use  of  a  finishing  machine  there  is  a  tendency  of  the 
|B.tor  to  perform  too  many  operations  with  the  result  that 
BEs  mortar  accumulates.  The  operator  should  be  so  instructed 
Strained  as  to  finish  the  pavement  with  one  or  two  strikings, 
■pr  two  tappings,  and  two  beltings.  The  parts  of  the  machine 
all  operations  must  at  all  times  be  regulated  to  insure  contact 
Sthe  surface  at  all  points.  The  belt  must  be  kept  moist. 
On  grades  exceeding  3%,  the  surface  of  the  pavement  must  be 
jH  with  a  hand  roller  following  the  passage  of  the  finishing 
aiine  in  the  manner  prescribed  for  finishing  by  hand. 

Dne  of  the  most  frequent  defects  in  finishing-machine  work  is 
■  of  irregular  wavy  surface.  This  is  frequently  caused  by  the 
■one  moving  too  fast,  the  use  of  the  machine  for  spreading  by 
iring  an  excess  of  material  in  front  of  the  blade,  failure  to  feed 
■ply  sufficient  material  by  hand  to  the  tamper  and  most  often 
■hnning  the  tamper  while  the  machine  is  not  moving.  The 
■ling  machine  should  move  forward  at  a  uniform  rate  of  speed, 
hblade  should  not  be  used  for  moving  any  considerable  amount 
laterial,  only  sufficient  material  being  kept  in  front  of  the  blade 
)  pduce  a  full  section.  After  the  finishing  machine  has  come  to 
fjp,  before  the  tamping  is  resumed,  the  machine  should  be 
•jd  back  a  few  feet  and  then  started  forward,  and  the  tamping 
rtfesumed  until  the  machine  has  moved  forward  for  at  least  i'. 
lodging  shall  not  be  done  too  early  after  the  belting, 
fturves  shall  be  widened  and  superelevated  where  necessary. 
n  -ansitions,  intermediate  pins  must  be  set  exactly  at  grade  at 
sgnings  and  endings,  together  with  one  or  two  between  sections, 
"'he  finished  crown  should  be  checked  frequently  by  using  a 
m  and  small  blocks  the  height  of  the  crown,  the  blocks  being 
lad  on  the  side  forms  and  a  string  stretched  from  top  to  top  of 
0(3.  To  insure  a  proper  crown  it  is  frequently  necessary  to 
ivthe  template  shaped  to  an  arc  34"  greater  than  the  required 
•4  to  offset  the  slump  of  the  concrete  during  hardening, 
"bints. — All  expansion  and  construction  transverse  and  longitu- 
fcj  joints  must  be  vertical,  level,  and  free  from  irregularity, 
reilarities  caused  by  improper  and  careless  work  produce  defects 
' 1  pavement  such  as  one  slab  rising  higher  than  the  other  and 
idonal  cracks. 

'  efore  using  joint  filler,  it  must  be  checked  for  all  dimensions 
ud  uality.  Many  poor  results  are  obtained  by  joints  that  are 
;•  ort  and  of  insufficient  depth.  Shearing  of  the  edges  and  sides 
■pcrete  under  expansion  ruptures  the  concrete  and  causes 
>ahg. 
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"  Joint  filler  must  be  furnished  in  flat  sections.  No  branc  5 
filler  shall  be  used  unless  approved  by  the  engineer  of  tests. 

"  Only  when  indicated  in  the  specifications  may  minimum  lenj  •, 
be  connected  as  one  continuous  length.  These  short  lengths  n  I 
be  joined  by  lacing,  staples  or  other  suitable  means  before  b<| 
installed. 

"  The  steel  bulkhead  shall  be  of  exact  dimensions  and  oile' 
greased  at  all  times.  The  workman  shall  be  required  to  lay  i  I 
a  flat  area  when  not  in  use,  in  order  to  keep  it  perfectly  strai  1 
Any  kinks  must  be  straightened  immediately  after  being  noti  I 
It  shall  be  firmly  staked  on  the  side  towards  the  mixer  with  j 
pins,  the  number  and  length  depending  on  the  subgrade  condit  I 
and  methods  of  finishing.  The  joint  filler  shall  be  set  on  the  1 
of  the  bulkhead  away  from  the  mixer. 

"  A  steel  bulkhead  against  which  the  expansion  joint  fill  I 
placed  must  be  firmly  supported  by  at  least  10  iron  pins,  12  to  '' 
in  length  depending  on  the  subgrade;  5  pins  along  both  sides  0  j 
bulkhead  and  filler  with  2"  below  the  surface. 

"  These  pins  must  be  long  enough  and  are  to  remain  in  pla<fl 
order   to    insure    straight   joints   in    all   directions.     When  ; 
filler  is  placed  directly  against  hardened  concrete,  5  pins  sha 
used  on  the  side  away  from  the  concrete. 

"  The  joint  filler  shall  be  set  just  flush  with  the  pavement. 

"  A  small  amount  of  spading  shall  be  done  along  the  oile 
greased  bulkhead  in  order  to  ease  removal.  The  bulkhead 
not  be  removed  until  at  least  io'  of  concrete  has  been  placed  a 
and  the  striking  and  tamping  has  been  done  on  either  sic 
immediately  over  it.  No  striking  or  tamping  shall  be  perm 
after  the  bulkhead  is  removed,  other  than  just  enough  tan 
with  a  rod  to  fill  the  cavity  left  by  the  bulkhead.  The  bulk 
shall  be  removed  by  raising  opposite  ends  at  the  same  time  thr 
holes  in  either  end,  into  which  hooks  are  inserted. 

"  After  the  removal  of  the  bulkhead  on  hand-finished  work 
the  filler  is  higher  than  the  surface,  a  split  float  or  straight 
in  accordance  with  the  standards  shall  be  used,  after  whicl 
edging  tool  of  \^"  radius  is  operated  on  either  side. 

"  For  finishing  machine  work,  where  the  filler  is  slightly  r 
or  flush,  the  edges  shall  be  rounded  with  the  above  radius 
All  joint  finishing  shall  be  done  by  a  skilled  workman  fit 
finishing  bridge.  On  no  work  shall  connected  concrete  be  pern: 
to  remain  over  the  filler,  as  this  condition  causes  serious  sp; 
under  traffic.  Edging  is  to  be  done  along  construction  joints 
the  \^"  radius  tool. 

"  The  belt  should  be  operated  immediately  on  each 
of  the  joint  so  as  to  give  a  uniform  appearance  to  the  < 
surface. 

"  The  surface  of  pavement  adjacent  to  joints  must  be  finishec 
the  utmost  care  by  an  experienced  workman  in  order  to  ot 
uneven  joints  which  induce  an  uneven,  bumpy  riding  surface. 
6'  straight-edge  must  be  used  in  testing  all  surfaces  adjace 
joints  prior  to  the  last  belting  of  the  surface,  and  when  the  si 
is  uneven  it  must  be  corrected. 


CONCRETE  PAVEMENTS  1309 

|  ks  soon  as  the  forms  are  removed,  investigation  must  be  made  to 
Irmine  if  any  fillers  do  not  extend  entirely  through  from  one  side 
ijie  other.  If  not,  the  contractor  shall  open  the  connected  sides 
■leans  of  a  chisel.  Under  no  condition  permit  shoulder  material 
i\e  deposited  along  the  sides  until  there  is  positive  assurance 
lithe  joints  are  open. 

iwrotection. — The  surface  shall  be  protected  with  canvas  as 
Mfied.  The  canvas  shall  never  be  dragged  over  the  surface  of 
■green  concrete.  In  warm  weather  when  the  temperature  is 
Ife  7o°F.,  the  surface  of  the  concrete  shall  be  thoroughly  wetted 
Hon  after  it  is  finished  as  it  is  possible  to  do  so  without  injuring 
■urface,  the  canvas  carried  over  the  concrete  and  lowered  verti- 
I  onto  the  surface,  and  the  canvas  kept  wet.  A  set  of  frames 
)  pport  canvas  covering  shall  be  kept  on  hand  at  all  times  near 
■concreting  work  to  be  used  in  the  event  of  warm  or  rainy 
■her,  as  the  canvas  must  not  be  laid  on  fresh  concrete.  In  cool 
■her  the  canvas  may  be  dispensed  with.  Hair  checking  or 
Bang  can  sometimes  be  eliminated  by  spraying  fresh  concrete, 
Ir  a  nozzle  that  will  produce  a  fine  spray  or  fog,  but  care  must 
e  nken  not  to  use  a  nozzle  that  will  cause  pits  in  the  surface, 
lis  does  not  prevent  hair  checking  and  the  materials  are  dry, 
at  should  be  thoroughly  wet  down  before  they  are  placed  in  the 
lir.  As  soon  as  the  surface  has  hardened  sufficiently  so  that 
Ul  not  be  injured,  the  canvas  shall  be  removed.  It  must  be 
Rughly  wetted  and  covered  with  earth  or  other  approved 
■rial  at  least  2"  deep,  which  must  be  kept  wet  at  least  8  days 
yprinkling  with  water,  except  in  cold,  late  fall  weather.  When 
ly  is  used  in  place  of  earth  for  covering,  the  straw  should  be 
Id  to  a  minimum  depth  of  4"  and  kept  wet  for  a  period  of  at 
■  8  days  during  warm  weather.  Straw  shall  remain  in  place 
H  period  of  at  least  18  days  under  the  most  favorable  conditions. 
dlersons  must  be  kept  off  the  concrete  surface  for  3  days.  All 
■ic  must  be  kept  off  the  surface  for  the  full  time  specified  and 
Me  late  fall,  the  time  of  curing  must  be  extended  1  week.  After 
ae^pecified  time  has  elapsed,  the  covering  material  shall  be 
aived  and  the  pavement  swept  clean.  If  found  necessary,  owing 
Heal  conditions,  the  contractor  must  furnish  a  watchman  at 
il  imes  to  secure  the  required  protection.  In  some  instances  it 
ia  be  necessary  for  the  contractor  to  construct  temporary  foot 
«es  over  the  surface  of  the  concrete  to  permit  the  necessary 
asge  of  pedestrians  or  cattle  from  one  side  of  the  road  to  the 
h.v 

iQicreting  during  Rain  Storms. — Inexperienced  inspectors  are 
■times  puzzled  to  make  a  reasonable,  interpretation  in  regard 
lapping  work  on  account  of  rain  and  they  worry  their  heads  off 

tiy  see  a  cloud  the  size  of  a  hand  in  the  sky.  From  a  practical 
ai  point  it  is  safe  to  instruct  them  not  to  worry;  in  case  of  rain 
Kien  will  quit  before  it  rains  hard  enough  to  do  any  serious 
mge;  as  a  matter  of  fact  a  light  rain  gives  an  excellent  spray 
Ice  finish  much  superior  to  any  hand  manipulation  and  I  have 

to  had  an}/  concrete  seriously  damaged  even  by  hard  showers; 

tl  men  quit  in  the  midst  of  a  block  and  leave  the  work  without 
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heading  up  it  is  necessary  to  reject  and  dig  out  a  few  feet  oi 
pavement  to  get  a  good  vertical  connection. 

Protection  of  Concrete  in  Warm  Weather. — Hot  sun  and  di 
winds  damage  the  surface-wearing  power  of  concrete  paverr 
and  also  often  produce  so-called  temperature  and  wind  ell 
which  are  unsightly  to  say  the  least.     Concrete  should  be  prot(  d 
in  hot  weather  in  order  to  get  the  best  results;  the  methods  usi  y 
adopted  are  burlap  or  canvas  covers  on  frames,  pending,  ( I 
cover  sprinkled  or  continuous  spray  sprinkling.     Special  pr  I 
tion  of  this  kind  is  not  necessary  when  the  temperature  in  the  sj  g 
or  fall  of  the  year  gets  below  50  or  6o°F.     Surface  checks  (:  i 
hair  cracks)  are  difficult  to  prevent  under  a  hot  sun  and  si  g 
dry  wind,  as  they  develop  before  the  finishing  is  complete 
before  it  is  possible  to  protect  the  concrete  by  canvas  co 
Under  these  conditions  a  light  spray  applied  continuously 
the  surface  is  belted  seems  to  help  reduce  these  checks.     If 
do  form,  a  fairly  satisfactory  repair  is  to  omit  the  earth  cove 
the  next  day,  and  after  the  surface  is  fairly  dry,  fill  the  checks 
dry  cement;  this  is  done  by  sprinkling  it  along  the  checks 
pushing  it  in  with  a  small  broom. 

Concreting  in  Cold  Weather. — Cold-weather  work  in  conne 
with  concrete  paving  is  a  rare  emergency  and  should  be  perrr 
only  to  finish  a  short  piece  of  incomplete  work.     With  the  ul 
care  results  are  rarely  good,  as  concrete  in  pavements  cann  x 
as  well  protected  as  building  concrete  under  unfavorable  we  I 
conditions.     Concrete  should  never  be  placed  on  a  frozen  subj  e 

The  simplest  solution  where  an  unexpected  cold  snap  de\  J 
is  to  heat  the  aggregates  and  protect  the  concrete  by  covering  I 
canvas,  straw,  hay  or  earth.  The  addition  of  calcium  ch  ii 
(i/4%  by  weight)  to  the  mixing  water  will  prevent  damjtl 
the  temperature  does  not  fall  below  280.  A  simple  meth<B 
using  this  chemical  which  has  the  property  of  reducing  the  fre  1 
point  of  water  and  hastening  the  set  of  concrete  is  describi  8 
follows  in  "Recommended  Practice"  of  the  Portland  Ce 
Association:  "It  can  best  be  added  to  the  mix  by  making  a 
centrated  solution  1%  lb.  per  gal.  of  water;  this  concentrated 
tion  is  added  to  the  mixing  water  at  the  rate  of  a  gallon  per  Si 
cement  used."  This  treatment  adds  about  15  cts.  per  cu.  yd. 
cost  of  the  concrete.  Chemical  means  alone  should  not  be 
on  to  prevent  damage;  heating  and  cover  should  also  be  used 

Inspection  and  Engineering  Records. — Inspectors  shoul 
required  to  turn  in  daily  signed  records  of  the  essentials  in  connc 
with  the  pavement  work.  These  records  are  very  useful  in  a 
dispute  or  lawsuits. 

The  following  forms  have  been  used  by  the  author.  The; 
be  easily  and  quickly  filled  in.  They  are  prepared  in  book  fo 
pocket  size.  Two  inspectors  are  usually  required:  a 
inspector  who  is  responsible  for  the  measurement  and  quality  < 
materials  and  an  inspector  at  the  mixer  responsible  for  the  £ 
forms,  and  manipulation. 


CONCRETE  PAVEMENTS 


1311 


MATERIAL  INSPECTOR'S  REPOR1 

Bne  of  Road: 

Be:  Sept.  21,  1922 

ipector's  Signature:  John  Doe 

■Jterials  Received  on  Job: 

Cement 
Car  Nos.  Amount  Brand  Acceptance  No. 

\\L.  &  N.  2143s  231  bbl.  Atlas  B.  R.  2645 


Sand 

Car  Nos.                      Amount  Source                     Test  No. 

[I  L.  V.  25462                  110,500  lb.  Continental  B.  R.  1750 

k  Penna.  I75I33              104,700  lb.  Oaks  Field  No.  7 

Stone 

Car  Nos.  Amount  Source  Test  No. 

L.  V.  10546  103,400  lb.  LeRoy  B.  R.  1120 

Materials  Delivered  to  Mixer 

Bnent 304 .  5  bbl. 

H.d,  approximately 115  tons 

Hne,  approximately 170  tons 


PAVEMENT  INSPECTOR'S  REPORT 

Jipie  of  Road: 

|te:  Sept.  21,  1922 

Bpector's  Signature:  Richard  Roe 

Approval  of  Grade  and  Forms 
Sta.  to  Sta.  Time  of  Approval 

25  +  30  —  28  +  20  7  a.m. 

28  +  20  —  30  +  50  1  p.m. 


Tests  of   M 

ixer   (twice  daily) 

Time  of  Mix  per 

Number  of  Revolutions 

Seconds,  Batch 

per  Batch 

Time  Test  Made 

58 

15 

8  a. 

m. 

59 

15H 

3  P 

,m. 

Concrete  Data  (4  times  daily) 

Sta.  to  Sta. 

Cu.  Yd. 

Cement            Cement 
Factor 

Time 

5  +  30  —  26  +  80 

60.0 

117-50                 1 

.96 

10  a.m. 

5  +  30-27  +  35 

82.0 

158.25                 1 

•  93 

1  p.m 

5  +  30  —  28  +  05 

110.0 

210.00                1 

.91 

3  p.m, 

S  +  30  —  29  +  23 

157.2 

.  302.00                 1 

.92 

6  p.m, 

Remarks 

Fvious  day's  run  covered  with  earth  and  sprinkled. 

Fvious  day's  run  shows  satisfactory  edge. 

Caent  tally  by  batchmaker  disagrees  with  material  inspector  by  2.5  bbl. 
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SAMPLE  ENGINEER'S  DIARY 

The  diary  of  the  engineer  in  charge  shows  all  essentials  of  the  work  for 
poses  of  record  and  possible  lawsuits. 

Name  of  Road: 

Date:  Sept.  21,  1922 

Engineer:  John  Smith 
Engineering  Force: 

John  Smith,  General  Supervision 
John  Doe,  Materials 
Richard  Roe,  Pavement  Inspection 
Headquarters  Inspector  visited  work 
Contractor's  Work: 
Force:  70  men 
8  teams 
8  Ford  trucks. 
Work:  Steam  Shovel  Station  200  to  201 
Fine  Grade  Sta.  80  to  90 

Concrete  Pavement  Sta.  25  +  30  —  29  +  23 
Cement  Factor  1.92 
Materials  Delivered: 

Cement  L.  &  N.  21435 231 

Sand  L.  V.  25462 110,500 

Penn.  I75I33 104,700 

Stone  L.  V.  10546 103,400 

Correspondence:  See   letter   attached   giving   ruling   on   maximum   cei 
factor. 

Sept.  2i, 
Mr.  John  Brown 

Contractor 
City 
Dear  Sir: 

The  following  letter  (a  copy  of  which  has  been  sent  to  the  division  engi 
states  definitely  my  attitude  and  ruling  as  Engineer  in  charge  of  ^Road  — 
in  regard  to  the  amount  of  cement  that  I  can  properly  certify  for  pay 
as  used  in  the  concrete  pavement  work.  If  you  are  dissatisfied  with 
ruling,  you  can  appeal  to  the  division  engineer.  The  following  ruling 
apply  for  all  estimates  unless  I  receive  definite  written  instructions  fror 
division  engineer  to  modify  this  ruling.  This  letter  is  sent  to  you  al 
time  in  order  to  give  you  ample  time  to  make  any  necessary  changes  in 
batching  procedure  so  that  there  will  be  no  loss  to  you  on  the  cement 
on  completion  of  the  road.  This  formal  action  is  necessary  as  your  ce 
factor  has  been  excessively  high. 

I  will  certify  for  payment  all  cement  actually  used  in  pavement  woj 
to  an  amount  which  produces  an  average  cement  factor  for  the  entir 
of  not  to  exceed.  2.02  bbl.  per  cubic  yard  of  concrete  pavement, 
not  certify  to  any  total  final  excess  of  cement  used  over  and  above  this 
on  the  ground  that  it  is  due  to  careless  batching  of  the  sand  and  stone 
order  to  give  you  ample  opportunity  to  avoid  final  loss,  I  will  certif 
pavement  as  satisfactory  where  the  daily  cement  factor  does  not  fall  1 
1.80  but  will  not  accept  any  pavement  concrete  having  a  lower  factor 
1.80  as  reported  by  my  inspector  four  times  daily.  You  are  to  con 
using  three  whole  bags  of  cement  per  batch,  and  any  variations  in 
procedure  are  to  be  made  in  connection  with  the  sand  and  stone. 

This  ruling  is  based  on  the  following  data: 

The  amount  of  cement  provided  in  your  contract  is  based  on  1.0c 
per  cu.  yd.  of  concrete  pavement  1:  i^£:  3  mix.  Based  on  previous 
struction  experience  with  this  mix  I  instructed  you  to  use  for  a  thre 
batch  4.50  cu.  ft.  of  sand  and  9.00  cu.  ft.  of  stone.  Under  this  basis  o: 
portioning  properly  and  accurately  batched  it  has  been  my  experience 
the  1.90  factor  could  have  been  easily  maintained  and  there  would  have 
no  overrun  of  cement  on  the  contract. 

My  original  instructions  to  you  in  this  matter  of  batching  were  offi 
overruled  by  the  department  on  the  ground  that  they  did  not  cat 
comply  with  the  Specifications  and  we  were  both  instructed  to  batch 
bags  of  cement,  4.28  cu.  ft.  of  sand,  and  8.56  cu._  ft.  of  stone.  This  1 
raises  the  cement  factor  about  5  %  and  under  this  ruling  I  am  willini 
justified  in  certifying  a  maximum  of  2.02  bbl.  per  cu.  yd.  where  this  an 
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■Itually  used.  This  will  involve  a  possible  overrun  on  the  contract  of 
fit  750  bbl.  of  cement  (Item  17)  and  there  is  no  question  in  my  mind  but 
X  this  overrun  should  be  approved  under  the  batching  instructions  we 
:a  received. 

Wb  to  date  however  you  have  used  2.10  bbl.  per  cu.  yd.  of  pavement  and 
■(amount  is  excessive  and  not  warranted.  It  is  apparently  due  to  a 
■cage  of  stone  and  sand  in  the  mix.  Between  Sta.  157-86  and  121-68 
■Used  2,110,000  lb.  of  stone  (railroad  weights)  and  2,246.50  bbl.  of  cement. 
■he  basis  of  batching  three  bags  of  cement,  4.28  cu.  ft.  of  sand,  and  8.56 
fit.  of  stone  you  should  use  at  least  990  lb.  of  stone  per  bbl.  of  cement, 
■buality  of  grade  has  no  effect  on  this  basis  of  figuring.)  Between  these 
Anns  you  should  have  used  at  least  2,224,000  lb.  of  stone,  showing  a 
■cage  of  114,000  lb.  or  5  %  of  the  total.  Stone  amounts  to  be  about  80  % 
Me  compacted  concrete  and  a  shortage  of  5  %  would  raise  the  cement  factor 
fit  4%.  The  average  cement  factor  between  these  stations  was  2.09  or 
2k  above  the  amount  I  am  willing  to  certify. 

H  a  similar  manner  between  Sta.  157-86  and  128—15  you  used  979,800 
!b.  sand  and  1,860  bbl.  of  cement.  You  should  have  used  at  least  1,090,000 
Hf  sand  showing  a  shortage  of  approximately  10%.  Sand  amount  to 
fit  40  %  of  the  pavement  volume  and  a  10  %  shortage  would  account  for  a 
Hncrease  in  the  cement  factor  which  checks  the  stone  results  given  above. 
Hmr  batching  apparatus  consisting  of  steel  sand  hoppers  and  a  steel 
■le-gate  blaw-stone  batcher  has  been  rated  by  me  and  found  to  be 
■ret.  The  exactness  of  your  routine  batching,  however,  depends  on  the 
Hof  your  men  and  I  have  personally  noted  a  number  of  cases  where  under 
fis  of  time  they  were  not  completely  filled.  As  a  further  evidence  of 
■jessness  in  batching,  your  daily  cement  factor  has  ranged  from  1.92  to 
fi  The  grade  work  has  been  excellent,  and  while  minor  inequalities  in 
Be  which  it  is  impossible  to  prevent  might  account  for  a  small  variation, 
BJ  would  not  account  for  such  a  big  range. 

Hie  outstanding  facts  are  that  you  have  not  used  enough  sand  and  stone 
an  that  it  is  evident  that  more  care  is  necessary  to  prevent  underrun  in 
mcuring  your  sand  and  stone.  It  is  not  the  function  of  the  engineer  or 
■ectors  to  act  as  foreman  for  your  men  and  prevent  careless  work.  Our 
■J  lies  in  calling  your  attention  to  conditions  and  in  stating  the  maximum 
ins  of  variations  that  we  are  willing  to  accept.  We  shall  be  pleased  to 
■jyou  a  daily  statement  of  the  cement  factor  but  will  hold  you  responsible 
Hariations  which  exceed  the  ruling  given  in  the  first  of  this  letter. 

Sincerely  yours, 

Engineer  in  Charge. 

BITUMINOUS  CONCRETES 

llwoim^s  of  material,  see  pages  495  and  1143. 

ispection  Details. — Two  inspectors  are  required  to  handle  the 
■ft  work  and  the  road  work. 

Itant  Inspection. — Plant  inspection  covers  testing  materials 
■j  proportions  of  mix,  checking  temperatures,  uniform  feed  of 
■regates  to  drying  drum,  time  of  mixing,  and  certification  of 
Id*,  weights  as  the  mix  leaves  the  plant  for  the  road. 

lant  Testing  Equipment. — Plant  testing  can  be  carried  out 
wji  the  following  equipment: 

I  p  of  standard  screens  and  sieves  as  may  be  called  for  in  specifications 

ilrequirements. 

■Iff  brush  for  cleaning  sieves. 

•Moratory  stone  balance  (pan  capacity  10  lb.). 

€  Moratory  sand  balance  (pan  capacity  100  g.). 

1  'netration  machine  with  needles,  glass  dish,  large  pan  for  holding  water 

and  thermometer. 
•I   ddle   and  roll  of  manilla  paper  for  pat  test   (for  sheet -asphalt  surface 
r  ; mixtures). 

2  nored  thermometers  of  suitable  range  for  recording  temperatures  of  the 

■  hot  aggregates  and  mixtures. 
#]pply  of  report  forms. 

Anpparatus  should  be  properly  housed  in  a  separate  building  or  room  not 

■  less  than  10  by  10'  and  provided  with  a  stool  and  work  bench. 
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Sampling  should  follow  the  proposed  methods  of  the  Americi 
Society. 

Samples.1 — Samples   should   be   put  in   clean,   dry   containc 
preferably   tin   boxes   or   cans.     The   following   amounts   of  )] 
different  materials  are  required  for  test: 

Poum  j 

Stone,  slag  and  gravel 5 

Filler y2 

Sand i 

Reiined  asphalt I 

Asphalt  cement. I 

Flux I 

Method  of  Sampling. — Extreme  care  should  be  taken  in  ev 
case  to  obtain  a  sample  which  is  truly  representative  of  the  mate: 
to  be  examined.  These  samples  are  for  the  use  of  the  testing  labc 
tory  only  and  should  not  be  used  for  testing  at  the  plant  bef 
submitting  them  to  the  laboratory.  The  particular  precauti 
to  be  observed  in  each  case  are  given  below. 

Stone,  Slag,  or  Gravel. — A  sufficient  number  of  5-lb.  samples 
be  taken  from  different  parts  of  the  pile.  These  should  be  tl 
oughly  mixed  together  and  reduced  by  quartering  to  the  desired  s 

Filler. — Samples  should  be  taken  from  several  bags  and  mi? 

Sand. — Samples  should  be  taken  from  the  interior  of  the  ] 
where  the  sand  is  damp.  A  sufficient  number  of  i-lb.  samples 
be  taken  from  different  parts  of  the  pile.  These  should  be  tl 
oughly  mixed  together  and  reduced  by  quartering  to  the  desired  s 

Refined  Asphalt  and  Asphalt  Cement.- — {a)  In  barrels:  At  It 
one  sample  should  be  taken  from  each  batch.  It  should  be  ta 
at  sufficient  depth  below  the  surface  to  insure  obtaining  represei 
tive  material  free  from  all  dirt  or  other  extraneous  matter,  and 
point  not  less  than  4"  distant  from  the  top  and  sides  of  the  bai 
(b)  In  tank  cars:  The  contents  of  the  tank  should  be  heated  u 
completely  liquid  throughout.  It  should  then  be  agitated 
thoroughly  mixed  by  means  of  air  or  steam,  after  which  the  san 
shall  be  taken  from  the  dome  in  such  a  manner  as  to  obtain 
asphalt  from  a  point  at  least  3'  below  the  surface,  (c)  In  kett 
The  contents  of  the  kettles  must  be  completely  liquid  and  tl 
oughly  agitated  previous  to  and  during  sampling.  The  san 
may  be  taken  from  the  pipe  through  which  the  material  is  delivt 
to  the  mixer  by  means  of  a  clean  dipper. 

Flux. — The  directions  given  for  sampling  refined  asphalt 
asphalt  cement  apply  to  this  material  except  that  under  ordin 
conditions  it  is  not  necessary  to  agitate  the  contents  of  the  tank 

Surface  and  Binder  Mixtures. — Samples  should  preferably 
taken  on  the  street  after  the  mixture  has  been  shoveled  and  ral 
Samples  taken  from  the  plant  shall  be  obtained  from  the  wag< 
special  care  being  observed  to  avoid  material  from  top  of  the  1 
or  which  appears  to  vary  from  the  average.  Samples  should 
pressed  between  a  sheet  of  paper  and  trimmed  while  hot  t 
convenient  size.  This  is  known  as  the  pat  test.  The  impress 
left  on  the  paper  is  a  fair  guide  as  to  the  proper  grading  of  the 
(see  Figs.  344^  to  344D). 

1  Adapted  from  proposed  specifications  for  sheet-asphalt  paveme 
A.  S.  M.  E.,  1922. 
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Fig.  344A. — About  right  amount  of  asphalt. 
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Fig.  344B. — Strong  excess  of  asphalt. 
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Fig.  344C. — Slight  excess  of  asphalt. 
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Fig.  344D. — Slightly  deficient  in  asphalt. 

Figs.  344A,  B,  C  and  £>. — Pat  test  illustrations.      {From  Rich 

son's  "Asphalt  Construction  for  Pavements  and  Highways.") 
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Wthe  pat  paper  test  which  is  referred  to  above  is  thus  described 
ikichardson's  book  "The  Modern  Asphalt  Pavement." 

*k  small  wooden  paddle  with  a  blade  3  to  4"  wide,  5  or  6"  long,  and  \i" 
tfk,  tapered  to  an  edge  at  one  end  and  with  a  convenient  handle  at  the 
Aftr,  is  used  to  take  as  much  of  the  hot  mixture  from  the  wagon  as  it  will 
hd,  being  careful  to  avoid  any  of  the  last  droppings  from  the  mixer  which 
[J  not  be  entirely  representative  of  the  average  mixture.  Samples  of 
■Lure  should  never  be  taken  from  the  mixer  itself,  but  only  from  the  wagon 
fir  mixing  is  completed. 

flttn  the  meantime  a  piece  of  brown  manilla  paper  with  a  fairly  smooth 
•face,  10  or  12"  wide,  and  torn  off  at  the  same  length  from  a  roll  of  this 
ler,  which  can  be  had  at  any  paper  warehouse,  is  creased  down  the  middle 
■[opened  out  of  some  very  firm  and  smooth  surface  of  wood,  not  stone  or 
tiki,  which  would  conduct  heat  too  rapidly.  The  hot  mixture  is  dropped 
Ethe  paper  sideways  from  the  paddle  and  half  of  the  paper  doubled  over 
St.  The  mixture  is  then  pressed  down  flat  with  a  block  of  wood  of  con- 
V(  ent  size  until  the  surface  is  flat.  It  is  then  struck  five  or  six  sharp  blows 
w.  the  block  until  the  pat  is  about  W  thick." 


[  The  paper  will  be  found  to  be  stained  to  a  different  degree 
idending  upon  whether  there  is  a  deficiency,  a  proper  amount,  or 
■Excess,  present.  Examples  of  such  stains  are  illustrated  in  the 
aompanying  Figs.  334^  to  334^- 

'lant  Analysis. — The  proper  proportions  of  aggregate  are 
tfiprmined  by  analyzing  the  sizing  of  the  different  materials 
fckrately  and  then  determining  the  proper  proportion  of  each  for 
tljmix  desired.     A  sample  record  of  such  work  follows: 

•roportions  of  Mix. — The  proportions  of  mix  should  be  deter- 
med  by  the  engineer  by  screen  analysis  of  the  different  materials 
tit  the  contractor  proposes  to  use. 

lS  an  example,  assume  that  a  mixture  of  cement,  fine  sand,  coarse 
Scd,  and  buckwheat  stone  is  proposed  and  it  is  desired  to  determine 
tl  relative  amounts  of  the  different  materials  to  use  in  order  to 
g(  the  correct  proportion  of  sizes  specified. 

or  all  ordinary  purposes  a  size  analysis  can  be  safely  made  using 
tl  following  screens:  200,  80,  40,  10,  Y±'  and  W . 
1 1  he  materials  are  thoroughly  dried  and  the  percentages  expressed 
b;  weight. 

Ft  sand  (feeder  pit)  road  63  % 

i  jassing  200 5 

j  jassing  80  retained  on  200 70 

assing  40  retained  on  80 25 

Good  Quality 

Cjrsesand  (Bauerman  pit)  road  63  % 

{  jassing  200 1 

;  Jassing  80  retained  on  200 2 

assing  40  retained  on  80 29 

assing  1 0  retained  on  40 68 

Bkwheat  stone  (commercial  plant)  road  63  % 

assing  200 1 

•  assing  40  retained  on  200 2 

>  bssing  10  retained  on  40 7 

•assing  H  retained  on  10 60 

assing  >£  retained  on  }/± .  .  .  . 30 

ie  proportions  can  now  be  varied  to  produce  practically  any  required  mix. 


V 
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Tabulation  Showing  Method  of  Determining  the  Num 

or  Pounds  of  Each  Material  to  Be  Used  in  a  iool 

Batch  to  Produce  a  Required  Mrx 


Material 

Number 
pounds 

Bitu- 
men 

Mineral  aggregate 

200 

80 

40 

10 

in. 

Bitumen 

9-5 

8.5 

33-0 

33   0 

16.0 

9-5 

8.5 
1.5 
0.3 
0.1 

23.1 
0.7 
0.1 

8.4 
9-6 
0.2 

22.4 
1 .1 

9-7- 

Fine  sand 

Totals 

100. 0 

9-5 

10.4 

23-9 

18.2 

23.5 

9-7- 

Note. — The  above  mix  used  on  Road  63  has  served  well  for  12  years  t 
Class  1 1 A  traffic. 


In  this  way  the  effect  of  varying  any  of  the  component  j 
of  the  mix  can  be  readily  seen  and  determined. 

The  total  size  of  the  batch  is  of  course  varied  to  suit  the  cap* 
of  the  plant. 

The  laboratory  analysis  of  the  daily  sample  taken  on  the 
furnishes  a  check  on  the  plant  inspector. 

The  usual  daily  plant  analysis  consists  of  a  mechanical 
analysis  of  the  hot  aggregate  as  it  runs  into  the  batch  box. 
varies  much  from  the  desired  amount,  the  method  of  feeding 
various  sizes  to  the  drum  should  be  changed.     The  proportic 
of  the  different  sands  and  stones  to  the  drying  drum  is  often 
crudely  done  and  results  in  a  non-uniform  aggregate.     This 
not  generally  occur  in  large  stationary  plants  but  it  is  a  freq 
source  of  trouble  in  small  semiportable  road  plants. 

Checking  Temperatures. — Probably  the  most  important 
of  the  plant  inspector  on  road  jobs  is  to  prevent  overheating  0 
bitumen  or  stone  aggregates,  as  most  of  our  failures  are  dir 
traceable  to  overheating.  In  small  semiportable  plants,  the  stc 
bin  for  the  aggregate  is  generally  small  and  it  is  difficult  to  regi 
the  heat  of  aggregate  running  directly  from  drum  to  batch 
small  storage.  The  plant  inspector  must  under  no  circumsta 
permit  overheating  which  is  generally  set  at  35o°F. 

Time  of  Mix. — Minimum  time  of  mix  recommended  by  As{ 
Association : 

Binder  course 30  sec. 

Modified  Topeka  or  sheet-asphalt  surface. ...   60  sec. 

Record  of  Output. — A  record  of  the  weight  aDd  temperatu 
each  load  is  made,  see  page  1323. 

Field   Inspection. — The    inspection    of   grading,    culverts, 
macadam  bases  are  the  same  as  discussed  under  Macadam,  p 
1272  to  1294. 
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s  (The  essentials  of  inspection  of  concrete  paving  base  are  the  same 
gjor  concrete  pavement  (see  pp.  1300  to  13 13)  in  regard  to  subgrade, 
fen  setting,  mixing,  and  placing  except  that  the  finishing  requires 
d  erent  procedure  and  while  the  curing  must  not  be  neglected  and 
rfiuires  earth  cover  and  sprinkling,  it  does  not  require  burlap  or 
fcivas  covers  immediately  following  the  placing. 
k  The  surface  of  the  concrete  base  must  not  show  porosity  or  voids 
pkny  kind  and  the  coarse  aggregate  must  be  imbedded,  but  a 
$ix)th,  glassy  surface  is  undesirable,  as  the  binder  coat  does  not  get 
a:)od  grip  and  tends  to  shove  more  rapidly  into  waves.  The  same 
fee  must  be  exercised  to  get  a  uniform  crown  and  longitudinal 
pjfile,  as  depressions  or  humps  in  the  foundation  eventually 
iMduce  an  uneven  surface  due  to  the  impossiblity  of  laying  unequal- 
■Ith  surface  mix  with  the  same  degree  of  compaction.  The 
■ace  mix  must  be  uniform  in  thickness.  City  of  Rochester, 
||Y.,  Specifications  limit  the  variation  in  depth  of  surface  mix 
^jfollows:  "The  surface  thickness  shall  not  be  less  than  2". 
fk  more  than  10%  excess  thickness  will  be  permitted  at  any 
f  spot." 

inspection  of  Laying  Asphaltic  Surface. — The  inspection  of 
»ng  and  compacting  the  binder  and  surface  layers  of  asphaltic 
excrete  includes:  approval  of  the  condition  of  the  concrete  or 
Ipadam  base,  checking  the  depth  of  spread,  temperature  of 
B  as  delivered,  amount  of  rolling,  and  true  shape  of  finished 
suace. 

i  Condition  of  Base. — The  base  must  have  set  a  sufficient  time 
wi  be  well  hardened.  Specifications  for  the  time  of  curing  of 
cdent  concrete  bases  range  from  7  to  21  days.  Fourteen  days 
isk,  reasonable  length  of  time  in  warm  weather,  but  should  be 
■reased  to  21  days  in  the  fall  when  the  temperature  falls  below 
fjon  the  average. 

Iihe  base  must  be  clean  and  free  from  dust,  mud,  organic  deposits, 
©leaves.  It  should  be  broomed  just  prior  to  laying  the  asphaltic 
[)  . 

Irhe  base  must  not  be  wet.  Slight  dampness  does  no  harm,  but 
■asphaltic  mix  should  be  laid  during  rain  or  when  the  base  has 
a)'  pools  of  water  or  any  snow  on  its  surface. 
£  kinder  Course. — Binder  should  be  laid  only  as  far  ahead  of  the 
■face  as  needed  for  keeping  the  work  moving  and  should  never  be 
■re  than  a  day  in  advance  of  the  surface  mix.  If  such  binder 
d  elops  flaws  such  as  poor  bond  or  becomes  broken  up  under 
Itfic,  it  must  be  removed  and  replaced  with  fresh  material. 

r'emperature  of  Mix. — The  plant  inspector  is  supposed  to  prevent 
[fojrheating  so  that  the  usual  point  for  the  field  inspector  to  watch 
isainimum  temperature.  This  is  generally  set  at  2oo°F.  Once 
lit  while  a  hot  load  gets  by  the  plant  inspector,  which  can  easily 
b  detected  at  the  road,  as  the  load  will  develop  a  heavy  white 
?))ke  when  dumped.  Maximum  temperature  is  usually  set  at 
3  °F.  at  the  street  or  35o°F.  at  the  plant. 

nickness  of  Spread. — Thickness  of  spread  is  regulated  by 
■jght.  Each  driver  is  furnished  by  the  plant  inspector  with  a 
Ifeai  certifying  weight  of  load.     This  card  is  given  to  the  field 
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inspector  who  regulates  the  distance  (number  of  square  yai 
that  each  load  should  cover.  For  all  practical  purposes,  the  o 
nary  surface  mix  (Topeka)  weighs  about  105  lb.  per  square  yard 
inch  thickness  of  consolidated  finished  depth.  The  weight 
binder  depends  on  the  mix  used;  it  is  usually  paid  for  by  the 
and  put  on  under  a  specification  of  a  certain  number  of  pounds 
square  yard.  The  record  of  weight  and  surface  area  is  illustra 
on  page  1323. 

The  mix  must  be  dumped  ahead  of  the  spread  and  enti: 
rehandled  by  spreading  by  hot  shovels  and  raked  to  final  shape  \ 
hot  rakes. 

Joints. — All  joints  where  work  is  stopped  at  noon  or  night  rr 
be  cut  back  square  vertical  edges  to  full  depth  and  painted  ? 
hot  asphalt  or  a  rope  joint  can  be  used.  A  lap  joint  ironed  i 
not  advised. 

Rolling  and  Finish. — As  soon  as  practicable,  the  surface  she 
be  rolled  with  a  light  (3-ton)  tandem  roller  and  the  final  compres: 
obtained  with  a  7-  or  8-ton  tandem.     Rolling  is  important, 
requires  not  only  the  ordinary  straight  roll  but  also  cross-rol 
to  produce  a  smooth  result.     The  maximum  speed  of  rollin; 
usually  set  at  from  100  to  200  sq.  yds.  per  hour  for  roller, 
finished  surface  should  show  no  depressions  or  humps  of  over 
as  measured  by  a  io'  straight-edge  placed  longitudinally  to 
road. 

The  use  of  two  rollers  of  different  weights  is  desirable  part 
larly  in  cool  weather  or  on  macadam  bases.  The  light  roller 
get  on  the  hot  mix  quicker  which  prevents  cracking  likely  to  dev> 
in  cool  weather  due  to  the  surface  cooling  much  more  rapidly  t 
the  body  of  the  mix.  Recent  tendency  in  rolling  calls  for  the 
of  3  wheel,  10  ton  road  rollers  for  compaction  due  to  many  cast 
poor  compaction  with  the  use  of  tandem  rollers  with  a  conseqi 
rough  uneven  surface  after  heavy  trucking  traffic  produced  f 
compaction. 

The  following  quotation  gives  rolling  specifications  in  detail: 

Compacting  Surface  Course. — "While  still  hot,  the  surface  course  sha 
thoroughly  and  uniformly  compressed  by  a  power-driven  tandem  n 
weighing  not  less  than  7  tons,  except  that  initial  compression  may  be  obta 
by  a  power-driven  tandem  roller  weighing  not  less  than  3  tons.  Ro 
shall  start  longitudinally  at  the  sides  and  proceed  toward  the  center  of 
pavement,  overlapping  on  successive  trips  by  at  least  one-half  the  widt 
the  roller.  The  pavement  shall  then  be  subjected  to  diagonal  rolling  in 
directions,  the  second  diagonal  rolling  crossing  the  lines  of  the  first.  If 
width  of  the  pavement  permits,  it  shall  in  addition  be  rolled  at  right  ar 
to  the  center  line.  Rolling  shall  be  continued  until  all  roller  marks 
eliminated.  The  motion  of  the  roller  shall  at  all  times  be  slow  enoug 
avoid  displacement  of  the  hot  mixture,  and  any  displacements  occurring 
result  of  reversing  the  direction  of  the  roller,  or  by  any  other  cause,  £ 
at  once  be  corrected  by  the  use  of  rakes  and  of  fresh  mixture  when  requi 
Rolling  shall  proceed  at  an  average  rate  of  not  to  exceed  200  sq.  yds. 
hour  per  roller,  and  shall  continue  until  no  further  compression  is  poss: 
To  prevent  adhesion  of  the  surface  mixture  to  the  roller,  the  wheels  shal 
kept  properly  moistened,  but  excess  of  either  water  or  oil  will  not  be 
mitted.  Before  final  compression  a  light  uniform  coating  of  limestone  c 
or  Portland  cement  shall  be  swept  over  the  surface  of  the  pavement  and 
rolling  then  continued." 
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Plant  Record,  Sept.  29,  1914 


T-2>2?> 


Load  record 

Bitumen  record 

Dad 


Time 


Temperature 

of  mix,  degrees 

Fahrenheit 


Weight 
of  load, 
pounds 


Time 


Temperature, 

degrees, 

Fahrenheit 


1 
2 
3 
4 
5 
etc. 


7:30 
7:45 
7:55 
8:15 
8:25 
8:4s 


320 
310 
300 
300 
290 
310 


5000 
5000 
6000 
6000 

5000 

5000 


7:00 

8:00 

9:00 

10:00 

11:00 

12:00 


310 
345 
340 
310 
305 
320 


Road  Record,  Test  Sample  7,  Sept.  29,  191 5 


Ld 


Time 


Temper- 
ature of 

mix, 
degrees 
Fahren- 
heit 


Weight 
as  per 
ticket, 
pounds 


Number 

yards 

covered 


Location  on  road 


5,  c. 


8:00 
8:20 
8:30 
8:45 
9:00 


310 
300 
295 
295 
280 


5000 
5000 
6000 
6000 
5000 


25 
25 
30 
30 

25 


Sta.  10  +  30  to  10  +  42 

Sta.  10  -j-  42  to  10  +  54 

Sta.  10  -j-  54  to  10  -j-  69 

Sta.  10  -j-  69  to  10  +  84 

Sta.  10  +  84  to  10  -j-  96 


|4e  following  report  on  a  Topeka  mix  resurfacing  job  in  New 
01  State  illustrates  a  specific  case  where  part  of  the  work  was 


ifc'actory  and  part  unsatisfactory. 


£)RT  FOR  DIVISION  ENGINEER  ON  REPAIR  CONTRACT 

July  9,  1925 


Iri 

e;Sir: 

I. accordance  with  your  instructions  of  July  I  I  have  made  a  thorough 
elcnspection  of  the  contractor's  equipment,  construction  operations,  and 

on  eted  work  on  Repair  Contract^ with  special  reference  to  complaints 

ia$  in  regard  to  this  job.     The  inspections  were  made  July  2  and  4,  at 

M  time  the  pavement  had  been  completed  from  Sta.  191  to  288,  Road  -. 
■Lrface  roughness  of  the  pavement  was  tested  by  means  of  a  10'  straight- 
■jby  riding  over  the  pavement  in  a  Ford  car,  Essex  Coach  (balloon  tires), 
Kadillac  car  at  speeds  from  20  to  40  miles  per  hour.  Local  people  were 
■jiewed  as  to  how  they  liked  the  pavement,  and  it  was  examined  after 

hi  rain  for  pools  of  water.  The  stability  of  the  edge  of  the  black  base 
(tested  by  driving  loaded  trucks  (24,000  lb.)  along  the  side  of  the  base 
r!  |m  the  edge.  Cross  rolling  was  checked  up  by  inspection  of  the  rolling. 
»1  ant  and  laying  equipment  was  checked  over  and  all  operations  checked 
»  nperatures,  time  studies,  etc.  Materials  were  inspected  and  check  sieve 
pfeis  made. 

Cnplaints  were  evidently  based  on  the  first  1500'  of  pavement  which 
5  suewhat  rougher  than  desirable.  It  took  the  inspectors  and  contractors' 
iieithis  distance  to  solve  the  special  difficulties  of  manipulation  due  to 
ie<alities  of  the  old  pavement.  From  Sta.  206  to  288,  the  pavement 
'OVoeing  laid   shows  a  smooth-riding  surface.     I  would  class  this  job  as 
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a  whole  including  equipment  and  manipulation  as  a  good  average  jot 
while  it  cannot  be  classed  as  of  the  highest  grade,  there  is  no  basis  for  an 
that  either  the  department  or  this  type  of  pavement  will  be  discredit 
account  of  poor  workmanship.  As  a  matter  of  fact,  the  local  peop 
enthusiastic  over  the  type  of  pavement  and  the  job  as  a  whole. 

It  is,  however,  probably  desirable  to  make  a  few  minor  changes 
below  and  it  is  certainly  desirable  at  this  time  to  consider  future  change 
additions  to  the  existing  specifications  to  bring  them  up  to  a  first 
standard.  Most  of  the  following  recommendations  cannot  be  enforced 
the  existing  specifications  if  the  contractor  objects. 

Recommended  Changes  Repair  Contract 

Design  changes. 

1.  Construct  a  bituminous  (binder)  flush  edging  ij^"  deep  6"  wi 
both  sides  of  the  top  course  to  prevent  crumbling  of  edge.  This  has  al 
been  recommended  by  the  engineer  in  charge  and  is  essential  fc 
success  of  the  pavement.  The  contractors  have  agreed  to  do  this  at  1 
prices,  but  they  consider  it  a  favor  at  this  price  and  they  will  probably 
some  return  favors  amounting  to  about  double  what  a  reasonable  si 
mentary  agreement  price  would  be. 

2.  Bridge  over  small  pipe  culvert  trenches  with  cement-concrete  I 
slabs  to  prevent  settlement  and  disagreeable  bumps  developing.  T  I 
common  city  practice  and  will  tend  to  prevent  a  general  criticism  <  I 
type  from  the  ordinary  road  user. 

Contractors'  Equipment  and  Manipulation. 

1.  Side  forms  to  be  solidly  pinned  down  with  top  of  pins  flush  with  t 
form  to  permit  proper  cross-rolling.  At  present  the  wooden  side  forr  M 
loosely  held  by  long  pins  on  the  outside  edge  which  stick  up  above  th<  ■ 
and  prevent  good  cross-rolling.'  Quite  frequently  the  roller  hits  the*  M 
loosens  the  form,  shoves  it  out  of  line,  and  causes  bad  hair  cracks  alo:  J 
edge  (see  specification  discussion).  This  recommendation  cann«  I 
enforced  under  existing  specification  if  the  contractor  objects  wit  1 
supplementary  agreement.  It  may  be  desirable  to  construct  the  bitur 
flush  edging  ahead  of  the  surface  mix,  which  would  simplify  the  form  pi 
and  dispense  with  special  forms  when  laying  top  course.  This  m 
worth  trying  but  will  require  a  special  price  supplementary  agreement 

2.  A  three-wheeled  10-ton  standard  roller  should  be  used  to  consc 
the  first  spread  of  black  base  in  pot  holes  and  along  the  edge  of  t 
macadam.  At  present  a  tandem  roller  is  being  used  and  there  is  no 
bility  of  its  being  really  effective  for  this  first  layer  (see  specificatio 
cussion).  This  recommendation  cannot  be  enforced  under  present  s 
cation. 

3.  Three  rackers  should  be  used  to  spread  top.  At  present  only  to 
used,  and  while  it  may  be  possible  for  these  men  to  produce  a  surface 
meets  our  minimum  requirements,  it  is  certain  that  a  much  better  s 
would  be  obtained  with  an  additional  racker  (see  specification  discus 
This  recommendation  cannot  be  enforced  under  present  specification 

4.  Rollerman  should  be  required  to  keep  moving  at  least  8  hr.  out 
and  to  roll  for  at  least  30  minutes,  after  the  rackers  stop  at  nigh 
specification  discussion).  This  recommendation  cannot  be  enforced 
present  specification. 

5.  Overflow  pipes  should  be  provided  for  both  sand  and  stone  s 
compartments  on  mixing  plant  to  prevent  mixing  of  sizes.  At  p 
the  sieve  analyses  show  that  at  times  the  stone  _  hopper  dis< 
contains  40%  of  sand;  15%  is  the  usual  maximum  limit  (see  specifi 
discussion).  This  recommendation  cannot  be  enforced  under  p 
specification. 

6.  Correctness  of  plant  scales  should  be  tested  and  certified  by  sei 
weights  and  measures. 

There  is  no  reason  to  doubt  these  scales  but  a  large  amount  of  bir 
paid  for  by  weight,  and  it  is  just  as  well  to  have  a  certificate  of  correctn 

7.  Insist  on  a  minimum  time  of  mixing  for  top  course  of  60  sec.  per 
Present  time  varies  from  35  to  50  sec.  (see  specification  discussion), 
recommendation  cannot  be  enforced  under  present  specification. 

8.  At  least  50  lb.  of  commercial  mineral  filler  should  be  used  per  IC 
batch  of  top  mix  and  the  amount  of  asphalt  increased  from  85  to  abc 
lb.  per  batch.  At  present  no  filler  is  used.  The  present  mix  used  f( 
shows  an  excellent  grading  except  for  fine  stuff.     The  desirability  c 
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lmendation   can   be   easily   checked   by  referring  the   matter  to   the 

lit  Association  or  to  the  city  testing  engineer,  Mr. .     This  recom- 

ation  can  be  enforced,  but  the  contractors  will  probably  ask  you  to 
it  to  balance  up  their  favor  to  you  in  constructing  the  new  edging  at 
r  prices.  They  never  will  be  really  willing  to  use  the  proper  amount  of 
mtil  it  is  paid  for  as  a  separate  item. 

Pill  pot  holes  and  place  edge-widening  strip  for  at  least  1  mile  ahead  of 
ir  binder  and  surface  spread  to  permit  better  compaction  of  this  layer. 
pneering  Recommendations. — 1.  Have  an  inspector  on  the  scale  plat- 
to  check  weights  for  binder  paid  for  by  the  ton. 

Provide  necessary  screens,  drying  outfit,  and  scales  to  permit  engineer 
ke  daily  check  analyses  of  mineral  aggregate. 

Recommended   Changes   in   Specifications 

tain  changes  are  recommended  in  the  1925  specifications.  Our 
it  specifications  are  a  distinct  improvement  over  the  1923  specifications 
matter  of  grading  of  the  mineral  aggregate  and  use  of  mineral  filler  but 
ire  still  weak  and  indefinite  on  a  number  of  points  of  equipment,  and 
mlation  details  which  are  necessary  to  insure  thorough  and  uniform 
g,  spreading,  and  rolling.  To  illustrate  these  points,  the  following 
compares  the  best  prevailing  practice  with  our  1925  specifications  and 

bows  how  R.epair  Contract compares  with  both  the  best  practice 

ocal  Specifications. 

ive  looked  over  most  of  the  hot-mix  jobs  in  this  locality  during  con- 
ion  for  the  last  15  years  and  in  my  opinion  there  has  never  yet  been 
lass  work  done  on  a  state  road  in  this  vicinity.  The  contractors  always 
on  taking  advantage  of  the  weakness  of  these  specifications,  and  while 
lo  a  moderately  good  job,  the  tendency  has  always  been  to  cut  down  on 
i  mineral  filler,  to  mix  the  batches  too  short  a  time,  to  rake  carelessly, 
lerroll,  and  to  cut  quite  fine  on  the  weight  per  sq.  yd.  of  surface  mix; 
isidering  that  this  type  of  pavement  is  a  logical  and  economical  solution 
:onsiderable  mileage  of  reconstruction,  it  is  certainly  desirable  to  use  a 
cation  which  will  permit  the  engineers  to  force  a  first-class  job  in  case 
pute. 
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||ssion  of  Surface  Mix  Grading  and  Significance  of  Laboratory 

Tests 

Moratory  analyses  of  the  finished>  mixture  are  not  a  very  reliable  basis 
r  ;termining  the  actual  composition  of  the  pavement  except  for  the 
rotage  of  bitumen  which  is  quite  reliable  considering  the  average  of  a 
Mr  of  samples. 

H  safest  means  for  designing  the  mix  and  determining  the  best  batch 
■rtions  is  by  the  use  of  daily  sieve  analyses  of  both  the  raw  products 
I  they  enter  the  drying  drum  and  sieve  analyses  of  the  sand  and  stone 
lets  as  they  are  discharged  from  storage  bins  into  the  mixing  hopper. 
Erst  analysis  determines  the  approximate  proportion  of  sand  and  stone 
■led  to  the  drying  drum  and  the  second  analysis  determines  the  final 
.tcng  proportions  and  the  amount  of  mineral  filler  required  for  a  good  mix. 

0"epair  contract the  sand  used  is  supplied  by  George  Amish.     It  is 

pi  uniform  product.  The  stone  used  is  a  mixture  of  Dustless  screening 
,d  one  dust.  This  product  is  furnished  by  the  Le  Roy  Limestone  Com- 
n}  It  is  a  good  product  but  fluctuates  considerably  in  composition.  The 
Ks  of  these  two  materials  is  attached.  An  examination  of  these  sieve 
Es  taken  July  2,  1925,  indicates  that  they  should  be  fed  to  the  drying 
En  the  proportion  of  about  1  part  stone  to  2  parts  sand.  This  is  the 
option  being  used  and  is  satisfactory. 
Sie  analyses  of  the  Hopper  feed  of  hot  sand  and  stone  are  attached 

m,  1925). 

T".  batch  proportions  being  used  are  265  lb.  of  Hopper  feed  stone,  650  lb.  of 
Hr  feed  sand  and  85  lb.  of  asphalt.  Using  these  proportions  and  the  Hop- 
4  jalyses  of  sand  and  stone  of  July  2,  we  get  the  following  grading  for  the 
;altix.  This  tabulation  also  shows  the  ideal  mix  for  conditions  similar 
tlroad  (see  Chapter  VI,  page  501).  It  can  be  readily  seen  that  the  mix 
H  unusually  good  except  for  a  shortage  of  fine  material  (pass  200  mesh) 
lie  can  be  easily  added  as  bagged  mineral  filler. 


Mix  in  use 
Repair  Con- 
tract   

July  2,  1925. 
% 

Ideal  mix, 
% 

Bitnen 

Pang  200  mesh 

Pa  ng    80  mesh 

8.5 
4.6 
14. 1 
37-8 
136 
14.8 
6.6 

9.0 
9.0 
14.O 
250 
21 .0 
150 
70 

Raing    40  mesh 

■ing    10  mesh 

Pa»ng  3^  sieve 

Pa:ng  H  sieve 

Dal 

100. 0 

100. 0 

Orie  basis  of  this  analysis  I  recommend  that  at  least  50  lb.  of  commercial 
nel  filler  be  used  per  batch  and  that  the  asphalt  be  increased  to  about 

I  lb.  as  determined  by  trial. 

ft.  laboratory  analyses  of  the  finished  product  consistently  show  from 
)  t*p.8  %  of  bitumen,  while  the  scale  proportions  indicate  8.5  %.  As  the 
tetination  of  bitumen  is  quite  accurate,  this  indicates  the  possibility 
at  e  plant  scales  are  incorrect  or  that  there  is  a  consistent  shortage  of  so 

10  b.  per  batch  in  weighing  the  mineral  aggregate.  This  is  not  a  severe 
>crancy,  but  it  indicates  that  it  is  desirable  for  the  plant  inspector  to 
ep  me  track  on  the  weighing  operations,  particularly  for  binder  where  it 
pa-  for  by  weight. 
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Hopper  Feed  Analysis 

Sand,  %                    Stone,  »,  j 

Retained  on  %" 

15 

58 

21 

6 

26 

Retained  on  10 

56 

Retained  on  80 

14 
1 

Retained  on  200 

1 

2 

Raw  Products 


Sand,  % 

Stone,  '. 

Retained  on  J,4" 

1 

7 

15 

42 

26 

9 

7 

43 

32 

7 

5 

Retained  on  40 

Retained  on  80 

Retained  on  200 

Pass  200 

6 

Binder  Course 

Grading  of  Aggregate. — The  binder  is  batched  250  ib.  of  sand,  651  1 
stone,  and  45  lb.  of  asphalt.  This  is  a  satisfactory  mix  which  works  5 
the  pavement. 

The  binder  (black  base)  is  spread  and  compacted  in  two  or  three  a 
depending  on  the  inequalities  to  be  taken  out. 

At  present  each  layer  is  being  compacted  by  the  8-ton  tandem  '■ 
This  roller  is  not  suitable  for  compacting  the  first  layer  which  fills  q 
holes  and  widens  the  old  macadam  by  a  narrow  side  strip  of  varying  J 
I  recommend  that  a  standard  10-ton  three- wheel  roller  be  used  in  com]  1 
this  first  layer.     The  tandem  roller  is  satisfactory  for  the  top  layer  of   * 

Criticism  has  been  made  that  the  binder  was  not  properly  compac  i 
was  it  protected  from  side  shore  by  a  firm  earth  shoulder.  The  base  4 
laid  shows  no  evidence  of  either  side  shove  or  rutting  when  24,000-lt  1 
loads  are  run  along  the  edge.  It  is  probable  that  continued  heavj  1 
may  compact  this  edge  in  the  future  somewhat  and  increase  the  »l 
slightly,  but  I  have  no  hesitation  in  saying  that  an  earth  shoulder  of  t  1 
soil  available  would  have  no  effect  in  improving  the  stability  of  thi  J 
The  stability  of  the  edge  must  depend  on  the  stiffness  of  the  blai  J 
itself.  We  have  recommended  the  use  of  a  three-wheel  roller  to  m  q 
future  settlement,  under  continued  heavy  traffic. 

It  is  desirable  to  fill  all  pot  holes  and  place  the  side-widening  s 
at  least  1  mile  ahead  of  the  regular  binder  and  surface  spread  to  get  a  I 
compaction  by  rolling  and  traffic.     This  evener  layer  should  be  well  pc 

Signed 

W.  G.  Harger. 

BRICK  PAVEMENT 

Amounts  of  material,  see  pages  511  and  1146. 

"Inspection  Details. — The  success  of  a  brick  pavement  d< 
largely  on  the  care  in  construction  and  rigid  inspection.     Insr. 
covers  careful  control  of  grading,  culvert  backfills,  concrete  | 
and  brick  surface.     Inspection  methods  for  all  operations 
the  brick  surface  have  been  previously  discussed. 

"Brick  surface  inspection  includes  control  of  handling 
cushion,  laying,  culling,  rolling,  grouting,  and  protection  un 
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ingestions  published  by  the  Dunn  Wire  Cut  Lug  Brick  Company 
■definite  and  reliable  as  any  source.  They  are  quoted  as  follows: 
\\Expansion  Joints. — Expansion  joints  shall  be  placed  parallel 
wji  and  at  each  curb  line  and  extend  across  each  street  and  alley 
inrsections.  It  should  be  £■$"  in  width  for  streets  less  than 
idwide;  %"  for  streets  from  20  to  30'  wide,  and  1"  in  width  for 
lets  wider  than  30'.  This  joint  must  extend  to  the  depth  of 
±  brick. 

ik.  premolded  or  prepared  bituminous  strip  which  will  be 
jidfected  by  the  action  of  water  and  will  remain  pliable  at  all 
ceperatures  to  which  it  may  be  subjected  shall  be  used  for  this 
Duose.  The  material  should  be  made  into  strips  of  suitable 
nth  and  of  the  required  depth  and  thickness  and  shall  be  placed 
■lie  pavement  with  the  ends  closely  joined  as  the  bricks  are  being 
a: 

Delivery  of  Brick. — Before  the  grading  is  finished,  the  brick 
ihl  be  hauled  and  neatly  piled  outside  the  curb  line  in  sufficient 
entities  to  complete  the  brick  surface.  Clamps  or  conveyors 
If  be  used  in  connection  with  this  work,  but  the  brick  shall 
■be  dumped  from  wagons  to  piles,  or  from  cars  to  wagons,  nor 
ihl  they  be  piled  in  any  location  where  they  are  likely  to  become 
Mattered  or  covered  with  mud  or  otherwise  injured,  unless 
thjoughly  protected. 

tin  delivering  the  brick  from  the  piles  for  placement  in  the  street, 
ic .'heeling  in  barrows  will  be  allowed  on  the  brick  surface.  The 
irk  shall  be  so  arranged  and  carried  on  a  pallet,  or  conveyor, 
m  when  delivered  to  the  dropper,  each  brick,  in  the  regular 
nation  of  placing  upon  the  cement-sand  bed  as  prepared,  will 
ikrally  lie  with  the  projections  in  the  same  direction  and  with 
jhpest  edge  uppermost. 

•  Cement-sand  Bed. — Upon  the  foundation  as  prepared  there 
m  be  spread  a  bed  of  cement  and  sand  of  uniform  density  to  the 
felh  of  1"  and  in  the  proportion  of  1  cement  and  4  sand.  The 
rait  and  sand  shall  be  thoroughly  mixed  dry  in  a  mixer  until  a 
inform  color  is  obtained. 

I  The  cement-sand  bed  shall  be  carefully  shaped  to  a  true  cross- 
Won,  parallel  with  the  finished  pavement,  by  means  of  a  template 
:o.ring  at  least  one-half  of  the  width  of  the  brick  work,  and  so 
lie  as  to  be  easily  drawn  over  the  curb  or  guide  rails  set  to  the 
■tier  elevation.  The  operation  of  shaping  the  cement-sand  bed  for 
■prick  is  considered  of  prime  importance  in  securing  the  desired 
iv.ness  in  the  surface  of  the  finished  pavement. 

Jrick  Laying. — Upon  the  cement-sand  bed  as  prepared,  the  brick 
>h;  be  immediately  laid  with  the  best  edge  up,  the  projections  in 
indirection,  and  with  the  courses  straight  and  at  right  angles  to 
Center  line  of  the  pavement,  except  in  the  case  of  hillside  brick 
Bjh  are  to  be  laid  parallel  thereto.  All  joints  must  be  broken  at 
H  3",  and  the  courses  straightened  by  tapping  lightly  with  a 

'-  on  a  4  by  4"  timber  3'  in  length,  provided  for  that  purpose. 
N'ciing  but  the  whole  brick  shall  be  used  except  in  starting  and 
tuning  courses,  or  in  such  cases  as  may  be  directed  by  the 
snneer.     The  cutting  and  trimming  of  the  brick  shall  be  done  by 
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experienced  men.  For  closures,  nothing  less  than  3"  bats  sha  4 
used,  and  the  fractured  ends  laid  toward  the  center  of  the  paverr  1 
Broken  and  chipped  brick  suitable  for  batting  shall  be  used  s(  j 
as  practical  in  obtaining  the  necessary  half  brick  for  brea  | 
course  and  making  closures,  instead  of  breaking  otherwise  w  1 
and  sound  brick.  All  brick  when  laid  shall  be  clean  and  1 
clean  and  entirely  free  from  dirt  or  other  foreign  matter  until  1 
pavement  is  completed.  All  the  work  of  brick  laying  shal  J 
done  over  the  brick  already  laid.  The  disturbing  of  the  prep  1 
cement-sand  bed  is  prohibited.  As  soon  as  any  surplus  of  deli  J 
of  brick  is  ascertained,  they  shall  promptly  be  moved  forwan  r 
use. 

"After  the  brick  have  been  laid,  the  chips  shall  be  swept  fronl 
street,  all  soft  brick  removed,  and  those  badly  broken,  b  4 
spawled,  or  misshapen  shall  be  turned  over  or  removed  by  $ 
contractor.  Brick  slightly  chipped  for  batting  in  shall  be  caj  I 
forward  and  used  for  that  purpose;  the  remainder  shall  be  pi  1 
in  separate  piles  along  the  street.  The  inspector  shall  keep  ) 
brick  culled,  and  the  contractor  shall  make  the  necessary  cha  3 
and  replacements  so  that  the  work  at  all  times  shall  be  read;  r 
the  grouting  within  50'  of  the  brick  laying. 

"After  the  brick  are  laid  the  contractor  will  start  culling, 
you  and  your  inspectors  should  carefully  go  over  them,  mai  j 
all  soft1  bricks  to  be  taken  out  and  rejected;  all  kilnmarked  b  » 
to  be  turned  over,  and  if  not  satisfactory  to  be  taken  out  and  1 
for  pinning  in;  all  overburned  bricks,2  which  are  burned  to  a  ci  r 
to  be  rejected.     All  underburned  bricks,  which,  in  your  opi: 
will  not  make  a  satisfactory  pavement,  to  be  rejected.     All  bro 
bricks  (which  have  the  appearance  of  overburned  brick  but 
on  one  side  only)  to  be  turned  over,  and  if  satisfactory  allow* 
remain  in  the  pavement. 

"Be  sure  that  you  have  culled  all  of  the  bricks  before  the  r. 
ment  is  rolled,  for  after  the  pavement  is  rolled  if  much  culli 
done  you  are  liable  to  have  a  rough  pavement.  After  the  p 
ment  is  rolled  go  over  same  and  mark  all  broken  and  sp 
bricks,  to  be  taken  out  or  turned  over. 

"Be  careful  of  all  high  and  low  bricks  in  the  pavement,  for ! 
will  wear  badly  when  the  road  is  finished. 

"Be  sure  that  your  bricks  are  laid  at  right  angles  to  the 
and  are  not  wavy  as  to  line. 

"In  no  case  allow  any  'Dutchman'3  in  your  pavement  es 
on  curves  where  absolutely  necessary. 

"Rolling. — Immediately  after  the  brick  in  the  pavement 
been  inspected  and  the  surface  of  the  pavement  swept  clea 
shall    be   rolled    with   a   self-propelling   tandem   roller,    weig 
approximately  3  tons,  in  the  following  manner:  The  rolling 

1  Soft  brick  are  found  by  sprinkling  the  pavement  lightly;  the  sc 
under-burned  brick  will  absorb  the  moisture,  rapidly  becoming   dull, 
the  good  brick  still  glisten  with  the  water. 

2  Over-burned  brick  are  known  by  their  color,  which  is  much  darker 
the  average. 

3  "Dutchman."  Brick  chipped  to  wedge  shape  to  fill  in  between  J 
courses  on  curves. 
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cJamence  near  the  curb  or  edging  line,  at  a  slow  pace  and  continue 
b  k  and  forth  until  the  center  of  the  pavment  is  reached,  then 
ps  to  the  opposite  curb  or  edging  line  and  repeat  in  the  same 
pinner  to  the  center  of  the  street.  After  the  first  passage  of  the 
ner  the  pace  may  be  quickened.  The  pavement  shall  then  be 
Wed  transversely  at  an  angle  of  45 °;  repeat  the  rolling  in  like 
■iner  in  the  opposite  direction,  then  roll  parallel  with  the  curb 
Dodging  line  until  the  surface  is  smooth. 

IJBefore  this  last  rolling  takes  place,  all  broken  or  injured  brick 
Kt  be  taken  up  and  replaced  with  acceptable  ones.  Portions 
■he  pavement  inaccessible  to  the  roller  shall  be  tamped  to  grade 
b;:he  use  of  a  hand  tamper  applied  upon  a  2"  plank. 
■After  the  final  rolling,  the  surface  shall  be  tested  with  a  10' 
■light-edge  laid  parallel  with  the  center  line  of  the  pavement  and 
■  depressions  exceeding  y±"  shall  be  taken  out. 
tjAll  brick  laid  shall  be  rolled  ready  for  grouting  at  the  end  of  the 
tjking  day. 

■Cement  Grout  Filler. — The  cement  grout  used  in  filling  the  joints 
■be  brick  shall  consist  of  1  part  of  cement  and  i3^  parts  of  sand. 
Ijrhe  cement  shall  meet  the  requirements  of  the  Standard  Specifi- 
ipns  for  Portland  Cement  of  the  American  Society  for  Testing 
■erials,  adopted  Aug.  16,  1909,  with  amendments  and  additions 
iheto  adopted  by  the  said  society. 

■the  sand  for  the  cement-sand  bed  and  the  grout  filler  shall  be 
xvposed  of  clean,  sharp,  well-graded  quartz  grains  and  shall  not 
x>ain  more  than  5C;  of  clay  or  silt.  The  grains  shall  be  such  size 
■I  all  will  pass  a  No.  12  sieve  and  that  not  more  than  40%  will 
■la  No.  50  sieve. 

Iks  soon  as  the  pavement  is  rolled  and  before  the  filler  is  applied, 
■pavement  shall  be  thoroughly  saturated  with  water  so  as  to 
■re  the  hardening  of  the  cement-sand  bed.  The  brick  must  be 
fetwhen  the  grouting  starts. 

»yhe  cement  and  sand  for  grouting  in  correct  proportions  shall 
jeioroughly  mixed  dry  until  the  mass  assumes  a  uniform  color. 
Wi  this  mixture  a  small  batch  not  exceeding  2  cu.  ft.  shall  be 
:>la:d  in  a  suitable  box  or  a  machine  especially  adapted  for  that 
3u:ose.  Slowly  add  water  and  thoroughly  mix  until  the  mixture 
|l  such  a  consistency  that  it  will  readily  flow  into  the  joints 
ffit)ut  separation.  Ample  time  must  be  taken  in  preparing 
■hi  liquid  mixture,  first  making  a  plastic  mortar,  then  gradually 
Bung  by  mixing  and  slowly  adding  water;  continue  the  mixing 
■j  all  is  removed  and  applied  to  the  surface  in  small  quantities, 
flfepplication  should  be  continued  until  the  joints  appear  to  be 
IU  Any  surplus  material  remaining  on  the  bricks  shall  then 
ftpept  into  the  joints.  Extreme  care  must  be  taken  that  the 
oil);  are  not  cemented  over  and  that  the  filler  extends  down  to  the 
x>tm  of  the  brick. 

''fter  the  first  coat  has  had  a  chance  to  settle  and  before  the 
Mtjl  set  develops,  a  second  coat  shall  be  applied  in  a  similar 
11a  er  with  a  somewhat  thicker  grout.  After  this  application 
-as  ad  time  to  settle  and  before  the  initial  set  takes  place,  the 
•avnent  shall  be  finished  to  a  smooth  surface  with  a  squeegee 
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having  a  rubber  edge  which  shall  be  worked  over  the  brick  at 
angle  with  the  joints,  thus  leaving  them  entirely  rilled. 

"The  contractor  shall  provide  thin  metal  strips  i}/{§"  by  6" 
3'  long  and  insert  same  in  the  brick  joints  across  the  street  w 
closing  up  a  stretch  of  grouting  at  work  intervals,  so  that 
grouting  will  end  in  a  vertical  joint.     These  strips  must  be  ta 
out  when  the  grout  becomes  stiff  and  before  the  initial  set. 

Protection  of  Filler. — After  the  surface  has  been  thoroug 
inspected  and  if  approved,  and  sufficient  time  for  setting  has  ta 
place  so  that  a  coating  of  sand  or  earth  will  not  absorb  any  moisl 
from  the  cement  mixture,  the  surface  shall  be  covered  with  1' 
more  of  sand  or  earth  to  prevent  too  rapid  drying  of  the  n 
This  shall  be  kept  moist  for  at  least  4  days,  and  no  traffic  shal 
allowed  on  the  street  for  a  period  of  at  least  15  days. 

Hillside  Brick. — On  grades,  when  ordered  by  the  engin 
standard  hillside  brick  shall  be  used.  These  brick  shall  in  que 
and  test  conform  to  the  requirements  of  these  specifications. 

The  general  method  of  constructing  a  wire-cut  lug  hillside  p; 
ment  shall  conform  to  the  standard  specifications,  except  that  . 
bricks  shall  be  laid  longitudinally  instead  of  transversely.  1  I 
shall  be  grouted  in  the  manner  specified  for  brick  pavem 
except  that  all  grout  in  the  surface  grooves  of  the  wire-cut  lug  hil! 
brick  shall  be  broomed  out  before  it  shall  have  time  to  set  up  ( 
being  taken  not  to  disturb  the  grout  in  the  longitudinal  joi] 
This  brooming  shall  be  done  transversely  with  a  rattan  broom. 

Note. — We  strongly  advise  the  use  of  a  small  mixer  prof 
equipped  for  applying  the  grout.  This  mixer  should  be  usee 
the  first  application,  and  a  suitable  box  for  the  second  applica 
When  boxes  are  used  the  grout  shall  be  removed  from  the  same 
scoop  shovels. 

Bituminous  Filler. — Where  bituminous  filler  is  used,  the  1 
must  be  clean  and  dry  when  the  filler  is  applied.  It  must  be  he 
to  the  proper  temperature  between  300  to  38o°F.  and  applie 
either  conical  pouring  cans  the  nose  of  which  rests  on  the 
and  is  drawn  along  the  joint,  or  by  the  squeegee  method, 
squeegee  method  is  recommended  by  the  brick  people.  In 
method  the  hot  filler  is  poured  on  the  pavement  and  rapidly  wo 
into  the  joints  by  hot  iron  squeegees  operated  slowly  back' 
and  forward  at  an  angle  with  the  joints.  The  operation  is  conti 
until  the  joints  remain  full  and  a  thin  film  of  bitumen  remair 
the  surface  of  the  brick.  A  thin  sand  or  screening  coat  is  sp< 
over  the  surface  and  the  pavement  opened  for  traffic. 

BRIDGES 

Staking  Out  Bridges. — Bridge  abutment  and  superstni' 
plans  are  usually  quite  thoroughly  dimensioned  and  these  di 
sions  refer  to  the  center  line  of  the  finished  bridge  and  to  the 
span  between  faces  of  abutments  or  between  bearing  centers 

Abutments  are  usually  staked  out  for  construction  by  n, 
of  two  or  more  firmly  driven  center-line  stakes  placed  outsi< 
the  limits  of  excavation  and  at  a  known  distance  from 
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Lthe  abutment  and  also  by  offset  side  stakes  outside  the  limits  of 
Havation  at  equal  distances  from  the  face  of  the  abutment  to 
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Fig.  345. — Bridge  staking  notes. 

tolish  the  location  and  angle  between  the  road  center  line  and 
pace  of  the  abutment;  the  location  and  direction  of  the  face 
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of  the  wings  are  shown  by  special  wing  stakes.     Figure  345  sh( 
the  usual  method  which  is  modified  to  fit  special  conditions. 
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Pig.  345. — (Continued). 

elevation  of  the  top  of  all  these  stakes  is  determined  from  wb 
the  grade  of  the  foundations,  bridge  seats,  camber  blocks,  etc. 
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tyreadily  determined.  A  permanent  bench  mark  is  established 
inhe  immediate  vicinity. 

earing  Power  of  Foundation  Soils. — The  foundation  pit  is 
jpavated  to  the  lines  and  grade  shown  on  the  plan  and  the  charac- 
|aof  the  soil  determined  not  only  for  the  bottom  of  the  pit  but 
al  for  at  least  10'  below  the  bottom  by  bar  and  gas-pipe  core 
saples  to  be  certain  that  the  underlying  strata  does  not  materially 
Spge  the  safe  bearing  of  the  soil  encountered  at  the  grade  depth. 
IJbridge  abutment  plans  should  show  and  generally  do  show  the 
le-pressure  diagram  which  gives  the  maximum  toe  and  heel 
■isure  for  the  completed  structure  (see  Fig.  A,  p.  1047).  The 
sa  bearing  power  of  soils  is  a  very  indefinite  proposition  and  all 
asimptions    should    be    conservative.     While    actual    test   loads 

■  be  applied,  this  is  rarely  necessary  for  the  usual  highway  bridge 

■  the  final  decision  as  to  the  width  of  spread,  footing,  or  the  use 
of  iles  is  based  on  the  allowable  pressures,  discussed  on  pages  207 
tcoo  and  repeated  at  this  point  in  tabular  form.  Table  232  shows 
thresult  of  actual  tests  for  settlement  on  common  soils. 

Rle    231. — Recommended    Maximum    Pressure    on    Bridge 
Foundation  Soils 

CJn  dry  sand 2  ton  per  sq.  ft. 

Coined  sand  and  fine  gravel 3  ton  per  sq.  ft. 

■rse  gravel 4  to  5  ton  per  sq.  ft. 

Oinary  mixture  sand  and  clay 2  ton  per  sq.  ft. 

Sc  damp  clay 1  ton  per  sq.  ft. 

1/1  clay  thick  layers 3  to  4  ton  per  sq.  ft. 

■lented  gravel  and  hard  pan 6  to  7  ton  per  sq.  ft. 

Sq  rock 8  ton  per  sq.  ft. 

■n  rock 20  ton  per  sq.  ft. 

•  ote. — Arch  bridges  require  piles  unless  the  foundation  soil  is  rock  or 
ha pan. 

I  ttual  Test  Loads. — Safe  load  is  generally  considered  as  50  %  of  actual 
io:  producing  a  settlement  of  H"  in  48  hr. 

Table  232. — Actual  Pressures  on  Deep  Foundations 
(E.  S.  Corthell) 


Actual  pressures  which  showed  no  settlement 


Material 


Number 

of 
examples 


Pressure  in  tons  per  square 
feet 


Maxi- 
mum 


Mini- 
mum 


Aver- 
age 


ae  sand 10 

jarse  sand  and  gravel 33 

hd  and  clay 10 

iuvium  and  silt 7 

Ird  clay 16 

irdpan 5 


5-4 

2.25 

7-75 

2.4 

8.5 

2.5 

6.2 

1.5 

8.0 

2  .0 

12.0 

3-0 

4-5 

5-1 

4-9 

2.9 

508 

8.7 


Actual  pressures  which  showed  settlement 


■  le  clay 

•  uvium  and  silt 
■id  and  clay. . . 


7.0 
5-6 

7-6 

7-4 


1.8 

4-5 

1  i 

1  .6 


5-2 
5-2 


3-3 


1338 


INSPECTION  DETAILS 


The  method  of  reducing  toe  pressure  by  increasing  the  wi 
of  the  footer  course  is  explained  on  pages  1047  to  1049.  If  thei 
any  uncertainty  as  to  objectionable  settlement,  piles  should  be  ui 
as  it  never  pays  to  take  a  chance  on  foundation  stability.  I 
should  also  be  used  if  there  is  danger  of  excessive  scour,  eve 
the  soil  is  safe  from  the  standpoint  of  bearing  value. 

Test  Piles. — If  piles  are  shown  on  the  plan  or  become  necess 
on  account  of  unexpected  foundation  soil  conditions,  test  piles 
driven  to  determine  the  length,  number,  and  spacing  of  piles 
be  ordered  driven. 

At  least  six  test  piles  should  be  driven  located  at  the  cente 
each  abutment  and  at  the  ends  of  the  wings  to  determine  varia" 
in  conditions  which  are  likely  to  occur. 

These  piles  are  driven  to  a  satisfactory  resistance.  There 
two  general  conditions;  first  where  the  pile  is  driven  to  rock  < 
hardpan  strata  and  where  the  top  material  is  semifluid  and  a 
soft;  in  which  case  it  is  figured  as  a  long  column  and  for  wl 
blunt-end  or  blunt-point  piles  are  required  (see  long  column  ta 
p.  1078) ;  second,  where  the  pile  develops  a  safe  load  by  skin  fric 
between  pile  and  soil,  in  which  case  the  length  size  and  taper  con 
the  safe  load  which  is  increased  by  length  and  size. 

The  safe  load  in  friction  piles  can  be  closely  determined  onl) 
actual  test  loads  and  is  usually  specified  as  50%  of  the  actual  1 
causing  a  settlement  of  %"  in  48  hr.,  but  as  a  general  rule 
so-called  Engineering  News  formulas  which  are  based  on  extec 
experience  and  tests  will  serve  as  a  safe  criterion  of  safe  1< 
These  formulae  are  given  below  and  are  supposed  to  give  a  facte 
safety  of  6  although  Table  233  comparing  actual  observed 
computed  loads  shows  considerable  range  of  results. 

Table    233. — Comparison    of    Actual    and    Computed    S 

Loads  on  Piles1 
(Engineering  News  formulas — drop  hammer) 


Length 

of  pile, 

feet 


Weight 
of  ham- 
mer, 
W  lb. 


Last 

pene- 

Load 

Height 

tration 
per 

of  fall, 

hit. 

blow, 

Ob-     |  Corn- 

S" 

served     puted 

inches 

Character  of  soi 


53 

25 

35 
35 

91 
73 
30 
33 


2,000 
1,600 
1,700 
910 
1,900 
2,300 
2,300 
2,300 
2,300 


4.0 
25.O 
25.O 

50 
29.0 
22.0 
33-5 
22.0 
22.0 


8.5 

13,300 

1,690 

3.0 

22,400 

19,750 

2.0 

44,800 

28,300 

0.35 

62,500 

6,740] 

1-5 

75,000 

44,iooj 

1-75 

75,ooo 

36,800 

3-75 

34.000 

32,500 

2.0 

38,000 

33.700 

1 .0 

110,000 

50,600 

Almost  fluid  mud 

Soft  muddy  bottoi 

Mud  30'  deep 

Mud,  sand  and  cla 

Stiff  clay 

Mud  6o'.     Sand  6' 

Water  12'.      Mud 

Sand 

Sand 


1  American  Civil  Engineer's  Pocket  Book,  John  Wiley  &  Son,  Publish 

In  order  to  utilize  the  Engineerings  News  formulas  with  reason, 
assurance  of  accuracy,  the  piles  mut  drive  with  fairly  uniforr 
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i^ally  increasing  resistance;  the  hammer  must  not  have  a 
ftable  rebound  and  must  fall  on  solid  uninjured  pile  top;  that 
Ren  test  penetration  is  taken,  broomed  tops  must  be  cut  off 
Be  down  to  solid  wood.  Also  the  formula  for  drop  hammers 
mes  free  fall.  For  a  restrained  fall  where  cable  and  drum  remain 
Med  to  hammer  use  80%  of  computed  safe  load  as  given  by  the 
ma.  In  driving  test  piles  the  safe  load  should  be  computed 
D,  15',  20',  etc.  depths  to  determine  the  relation  of  length  and 

Htoerage  Penetration  in  Inches  per  Blow  for  Last  Three  Blows  forZOOO  Pouncl  Drop  Hammer 
I  2  3  4  5  6  789 


1234  56789 

erage  Penetration  in  Inches  per  Blow  for  Last  Three  Blows  for  2000  Pound  Drop  Hammer 

m.  346A. — Safe  pile  loads  drop  hammer  test  with  free  fall. 
|r  release.)  Use  80  %  of  safe  loads  for  drop  hammer  with 
w cable  and  drum  rig. 

load  in  order  to  work  out  a  reasonable  length  spacing  layout 
Individual  pile  load.  Piles  are  usually  spaced  2^  to  3',  never 
•fan  2^'  and  rarely  over  4'.  Tops  should  be  cut  off  at  stag- 
■Qelevations  to  prevent  a  cleavage  plane.  Final  top  elevations 
■Jually  12  to  18"  above  bottom  of  concrete. 
P  ctical  refusal  in  driving  piles  is  generally  assumed  when  the 
lince  to  driving  indicates  the  pile  safe  for  30  tons.  This 
xi;  when  the  penetration  per  blow  is  from  }£  to  }£"  for  ordinary 
Wiammers  falling  15  to  20'  (see  Figs.  346^  and  346$).  The 
itadrop  hammer  should  weigh  at  least  2000  lbs.  for  timber  piles 
■ae  drop  should  not  exceed  20  ft.  jfn  driving  concrete  piles  the 
ipier  should  weigh  at  least  as  much  as  the  pile  and  the  drop 
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should  not  exceed  6  ft.  In  driving  concrete  piles  steam  ham 
striking  a  blow  of  at  least  12,000  ft.  lbs.  are  usually  specified  wit 
added  requirement  of  water  jets  in  hard  driving.  No  effort  si 
be  made  to  drive  piles  beyond  the  depth  at  which  practical  re 
is  reached,  unless  pile  penetration  is  less  than  minimum  stipu 
and  it  is  possible  to  get  further  penetration  by  water-jet  met! 
Leads  must  be  used  even  with  double-acting  steam  hamme 
permit  steam  hammers  to  rest  entire  weight  on  top  of  pile. 


PenefraTion;  "inches  per  blow 
n  0     1 2 3 4 5  6 

30  rVM\  1  I  m  m  n  1  1  1  J  1  1 1  1  1 1  i  1  1  J  1  1  1 1    1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  I  1  1  1  1 1 1 1 1 1 


2  3 

Pene+rafion/inches  per  blow 

Fig.  346B. — Safe  pile  loads.     Double  acting  steam  hammeil 

penetrations. 

Engineering  News  Formulas 

2WH 


Drop  hammers 

Single-action  steam  hammers 

Double-action  steam  hammers 


P  = 
P  = 
P  = 


S  +  1 
2Wh 

S  +  0.1 

2fi 


5  +  0.1 

P  =  safe  load  in  pounds  per  pile. 
W  =  weight  of  hammer  in  pounds. 
h  =  fall  of  hammer  in  feet. 

S  =  penetration  per  blow  last  5  blows  in  inches. 
E  =  energy  of  blow  in  feet,  pounds.      (Get  from  maker  s  catalog 
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Table  234^. 


Size  of 
hammer 


Weight 
of  ram, 
pounds 


Lifting 
area  of 
piston, 
square 
inches 


Striking 
area  of 
piston, 
square 
inches 


Length 

of 
stroke, 
inches 


Foot  pounds  . 

at  given  strc 

per  minut< 


Strokes 

per 
minute 


Fc 

pot 

& 


No.  1 

No.  2 

No.  3 

No.  s 

No.  6 

No.  7 

No.  0-B-2 
No.  11-B 


21 
48 
68 

200 

400 

800 

1. 500 

3.625 


1.932 
3-487 
3.139 

18. 85 
36.18 
55-6 
44-177 
100.645 


3-976 

3-487 
8.296 

18.85 
36.18 
55-6 
56.745 


33A 

sH 

7 

*k 

16 

20 


500 
500 
400 
300 
275 
250 
275 
230 
200 
225 
195 
170 
I4O 
I30 
120 
I20 
110 
100 


2. 
If 

I  I. 


Attention  is  called  to  the  fact  that  our  hammers  at  the  speeds  ind 
above  must  develop  the  foot  pounds  per  blow  as  specified.  Calcul 
based  on  steam  pressure  are  misleading  because  no  two  set-ups  are  ide 
and  it  is  impossible  to  determine  the  mean  effective  pressure  in  the  wt 
cylinder  from  the  boiler  pressure  as  shown  by  gauge. 

Figure  346^  shows  safe  load  2000  lb.  drop  hammer  for  difi 
falls  and  penetrations  with  load  factors  for  other  hammer  wei 
This  diagram  assumes  free  fall.  For  restrained  fall  {cable  and 
attached  to  hammer)  use  80  %  of  loads  given. 

Figure  3462?  shows  safe  loads  for  different  penetrations  per 
for  double  acting  steam  hammers  striking  a  10,000  ft.  lb. 
with  load  factors  for  other  forces  of  blow. 

Table  234  gives  typical  double-acting  steam-hammer  spec 
tions. 

As  a  check  on  the  Engineering  News  formulas,  Trautwine  s 
that  friction  on  piles  will  support  following  total  loads  per  s 
of  pile  surface  in  contact  with  earth. 


Soil 


Total  load  per  sq. 

ft.  pile  surface, 

pounds 


Safe  load  pe 

ft.  pile  surf; 

pounds 


Dense  moist  sand 

Loamy  gravel 

Common  soils  and  clays 
Silt  and  mud 


2000 

2000 

1000  to  1500 

200  to  400 


400 
400 
200  to  30 
50  to  10 
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Horizontal  Stability  of  Piles. — For  the  ordinary  bridge  foundation 
ditions  there  is  rarely  any  doubt  of  horizontal  stability  but  where 
es  are  driven  through  a  very  soft  upper  layer  with  only  a  short 
letration  into  an  underlying  hard  layer  and  where  after  driving 
j  tops  of  the  piles  can  be  easily  moved  horizontally  it  is  necessary 
insure  against  horizontal  movement  of  the  abutments  by  means 
batter  piles.  Where  a  condition  of  this  kind  is  unexpectedly 
:ountered  the  inspector  should  get  in  touch  with  the  bridge 
jineer  for  specific  instructions  as  to  the  number,  length,  location 
d  batter  of  the  piles  to  be  used  to  insure  stability. 
[nspectors  Records. — Sample  records  for  bridge  work  are  given 
ow  from  the  California  Manual. 

Forms. — The  following  figures  illustrate  typical  forming  for 
lcrete  which  is  strong  enough  to  prevent  objectionable  deflection. 
The  practice  of  the  Illinois  Highway  Commission  in  designing 
ms  for  reinforced-concrete  girder  bridges  is  as  follows: 

r.  Rail  and  Girder  Forms. — Forms  for  side  rails  of  reinforced-concrete 
bridges  may  be  constructed  of  1"  sheeting  with  vertical  studs  placed  not 
;her  apart  than  2'.  Forms  for  the  girders  of  reinforced  girder  bridges 
uld  preferably  be  constructed  of  commercial  2"  sheeting  with  studs  not 
her  apart  than  2>2'-  All  sheeting  should  be  surfaced  on  the  side  adjacent 
he  concrete. 

2.  Bracing  Rail  Forms. — Rail  or  girder  forms  are  best  kept  in  line  by 
ending  the  caps  of  each  bent  a  sufficient  distance,  bracing  them  to  the 
ework  posts  and  then  running  a  heavy  stringpiece  along  the  ends  of  the 
ended  caps,  bracing  from  this  stringpiece  to  each  stud  of  the  rail  or  girder 
11s. 

'3.  Setting  Panel  and  Coping  Forms. — The  panels  and  coping  of  rail 

girder  forms  should,  whenever  practicable,  be  omitted  until  the  floor 

the  span  has  been  concreted.     The  weight  of  the  floor  is  usually  the 

iter  part  of  the  total  weight  of  the  superstructure,  and  if  any  settlement 

he  falsework  occurs,  it  is  usually  when  the  floor  is  placed.     If  the  panel 

coping  forms  are  completed  before  any  concrete  is  placed,  settlement  of 

falsework  will  show  in  the  panels  and  coping.     It  is  not  safe  to  trust  to  a 

iber  to  take  care  of  the  settlement,  as  the  settlement  is  almost  sure  to  be 

ven  at  the  different  supports.     The  side  forms  of  the  rails  or  girders 

uld  preferably  be  left  3  or  4"  higher  than  the  finished  girder,  and  just 

jre  the  last  concrete  is  placed,  a  triangular  molding  should  be  nailed  on 

inside  of  the  forms  at  the  exact  elevation  required  and  used  as  a  guide 

a  template  in  striking  off  the  top  of  the  girder.     If  these  precautions  are 

en,  the  portions  of  the  work  visible  from  the  roadway  may  show  perfect 

12s,  although  a  settlement  of  the  concrete  may  have  occurred  which  shows 

ai  sag  in  the  bottom  of  the  girders  when  viewed  from  the  side.       A  small 

lilement  of  falsework  which  occurs  before  the  concrete  has  set  does  not 

Wire  the  strength  of  the  bridge. 

I]  4.  Construction  of  Girder  Forms. — Girder  forms  should  be  so  built  as  to 
Wrait  of  ready  removal  without  injury  to  the  concrete.  The  underside  of 
fcjings  should  be  given  a  pitch  towards  the  girder  for  this  purpose.  Great 
c;  should  be  taken  to  secure  perfect  alignment  of  rail  and  girder  forms, 
lial  kinks  should  be  taken  out  before  the  concrete  is  placed. 
R5-  Alignment  of  Forms. — Correct  alignment  of  girder  and  rail  forms 
Cinot  be  too  strongly  emphasized.  Irregular  lines  are  exceedingly  unsightly 
a  as  the  bridge  will  be  judged  for  all  time  to  come  from  the  appearance  of 
t  portion  visible  from  the  roadway,  if  this  appearance  is  unsightly,  the 
blge  will  be  condemned  by  the  public  regardless  of  the  possible  excellence 
Ijhe  concrete." 
The  following  instructions  for  constructing  concrete  highway 
bdges  forms  were  prepared  by  M.  W.  Torkelson,  bridge  engineer, 
Ifeconsin  Highway  Commission. 

III.  Never  place  the  bents  for  any  kind  of  falsework  more  than  5'  apart. 
\\2.  If  you  can  possibly  get  a  pile  driver,  use  driven  piling  to  support  youi 
f£3work. 
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STANDAIZP 


P/L£ 


Specif/cation   ffofes 


Materia/ 


fir  o~  Pine 


Load 


eeauired 20 


'bns  each 


Min< 


Eo_ 


SL 


Min.  \5uf£ 


20" 


Ihy-A 


?ngth  - 


Length 


6e/ow   Cutoff 


Load  .x    P  = 


2W.h    Mere  w 


St/ 


•  weight 


of  harhmer  in 


/hs,  S- 


AYeraQe 


Psnefra 


/on 


in  inches  fast 


3  b/ovYt 


,   h  =  hei  ?/>/  of  dr  op 


,  in  fee 


P  in 


joa 


>nds. 


North 


Abutmtnf 


A/o 


."ota/ 

Length 


Co/off 


fyL. 


L<75f  3 


h 


bbws  Pen 


24 


20 


I" 


15 


24 


20 


l's-2 


/5 


25 


20 


15 


26 


20 


23 


20 


/5 


ZZ 


20 


15 


Tota/s 


144 


ZA. 


120 


5oufh    Abutment 


25 


20 


25 


Pig.  347. — Sample  construction  pile  records. 
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"3.  If  you  cannot  get  a  pile  driver,  good  bottom  can  be  obtained  by  layi 
planks  or  timbers  on  the  stream  bed  to  get  a  good  wide  footing  for  each  be 
then  placing  the  mud  sill  upon  the  planks  to  support  the  posts.  Before  t 
planks  or  timbers  are  laid  upon  the  stream  bed,  this  should  be  leveled  and 
soft  mud  or  easily  removed  sand  should  be  removed.  Sometimes  tempore 
concrete  sills  can  be  used  to  advantage,  but  the  principle  is  the  same  as  : 
wooden  sills. 

"4.  The  posts  for  the  bents  should  be  8"  thick  and  of  good  sound  timb 
Always  use  eight  posts  in  each  bent  where  the  road  is  20'  wide,  and  arrar 
the  posts  so  that  two  will  come  under  each  railing. 


8  ' Floor-  y  J ' Z"xlO"Johfs -Spaced lL6"         g' Floor  "j,     '~2xIQ"Joists-5paced  llb" , 


■  2-2W 


Fig.  348^. 


"5.  Use  a  heavy  cap  on  top  of  the  posts  fastening  either  with  dowels  or 
means  of  very  heavy  spiking,  and  let  this  cap  extend  about  4'  beyond 
railing. 

"6.  The  floor  can  best  be  directly  supported  by  2  by  10  joists  spaced  1 
Under  railings  double  this  up. 

"7.  With  the  joists  spaced  as  in  (6),  the  floor  can  be  1  or  J>i"  matei 
It  should  be  nailed  to  the  joists  with  8-penny  nails  and  should  extend  ab 
4'  beyond  the  outside  of  the  railing.  This  extra  width  is  needed  to  brace 
railing  and  for  walking  across  the  bridge. 


<& 


g"Fhor  -  v       '  -Ex/0' 'Joists- Spaced  lL6 


Side  Elevation  of  Falsework 


V 


fa 


Plan  of  Timber  Footings 


^ 


Fig.  348.B. — Falsework  for  small  concrete  bridges.* 

"8.  Be  sure  to  cross-brace  the  falsework  both  ways  so  that  it  will  be  1 
rigid  against  pressure  from  any  direction.  Unless  this  is  looked  after, 
falsework  is  likely  to  wobble  when  the  placing  of  the  concrete  begins. 

"9.  Always  use  good  planed  and  sized  lumber  on  the  railing,  as  this  is 
part  of  the  work  which  shows  up.  Have  all  panel  work  and  three-corn* 
chamfer  strips  made  at  the  same  planing  mill.  Send  your  bridge  plan  to 
mill  and  have  strips  cut  to  the  proper  dimensions.  V/et  railing  fo 
thoroughly  before  pouring  concrete. 

"10.  Always  keep  a  man  tamping  the  concrete  next  to  the  forms, 
will  give  a  good  smooth  surface  when  they  are  removed  and  diminish 
work  of  finish.     A  wooden  tamper  will  give  better  results  than  a  steel  sps 

'■'■■  Note. — Specifications  mud  sills,  page  I5*i- 
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Mi.  Removal  of  Forms. — In  order  to  make  possible  the  obtaining  of  a 
Hactory  surface  finish,  forms,  on  ornamental  work,  railings,  parapets, 
Vertical  surfaces  that  do  not  carry  loads  and  that  will  be  exposed  in  the 
led  work  shall  be  removed  in  not  less  than  12  nor  more  than  48  hr., 
Bding  upon  weather  conditions.  Forms  under  slabs,  beams,  girders, 
Brches*  shall  remain  in  place  at  least  21  days  in  warm  weather,  and  in 
Bweather  at  the  discretion  of  the  engineer.  Forms  shall  always  be 
wed  from  columns  before  removing  shoring  from  beneath  beams  and 
Irs,  in  order  to  determine  the  conditions  of  column  concrete. 


's  &f Spaced /'■ff't 


<-h.9Mre 
(Doubled) 


-  Timbers  or  Planks   >•        •<        '  • 
Isework  on  Mud  Sills     Falsework  on  Piles 


II -KT 

□<  -  Block 

Detail  of  Railing  Form 


Fig.  349. 

Ho  forms  whatever  shall  be  removed  at  any  time  without  the  consent 
M  engineer.  Such  consent  shall  not  relieve  the  contractor  of  responsi- 
Hfor  the  safety  of  the  work.  As  soon  as  the  forms  are  removed  all 
M  places,  holes,  and  porous  spots  shall  be  filled,  and  all  bolts,  wires,  or 
■  appliances  used  to  hold  the  forms  and  passing  through  the  concrete 
ibe  cut  off  or  pushed  back  with  nail  set  H"  below  the  surface  and  the 
Bovered  with  cement  mortar  of  the  same  mix  as  used  in  the  body  of  the 


n     n     n     n     1 


?!4"-- 


.'&6"Plate 


n\ 


1      U      U   ALL     U      l 
'■^'Matched  Lumber  >  p- -*-/_?(?" 

m — n— ^1  JlA  Section  A~A  through  Form 

'-fjf5"||  Wf^'/Vo.PWIre  (For  railings  haying  end  posts) 

H      H      I  r   I  (Doubled)  ■ 

Zx6"Studs-Spaced l'-6''    I  J     ?     ?      n      ?  •  n      f?      ?     !?     I 


as-jpacea  1-0,      i  gts 

■J1..jlXjU,^^    I 

K.I  Br.,^„  " 


Srace 


^tside  Elevation  of  Railing  Form 

Fig.  350. 


~u — a — a — a — a — a — a — \r 
Section  A-A  through  Form 

(For  railings  having  no  end  posts) 


lie  falsework  and  form  plans  given  in  Figs.  348^4  to  350  were 

ae.red  by  M.  W.  Torkelson,  bridge  engineer  for  the  Wisconsin 

fc.vay  Commission. 

Be  plans  shown  in  (a)  Fig.  348^4  are  for  spans  up  to  and  includ- 

1k';  while  the  plans  shown  in  (b)  Fig.  348^.  are  for  spans  of  16 

■  inclusive.     The  bents  should  be  spaced  5'  centers.     Use  four 

*io"  joists  under  the  railing.     Use  hardwood  wedges  for  cam- 

fjad  to  facilitate  removal  of  forms. 

Be  falsework  in  Fig.  348.B  should  be  used  where  it  is  impossible 

Kve  piles.     Bents  should  be  spaced  not  more  than  5'  centers, 

Bwo  posts  should  be  spaced  under  the  railing.     Use  four  2  by 

■Rtthor's  Note. — A  good  rough  and  ready  rule  for  minimum  time  in 
■or  removing  forms  under  arches  is  to  divide  the  span  in  feet  by  4. 
•ssumes  warm  weather.      No  backfill  should  be  made  in  less  than  28 


1348 


INSPECTION  DETAILS 


10"  joists  under  the  railing.  Use  2  by  6"  joists  on  top  of  foe 
under  each  joist.  Use  hardwood  wedges  for  camber  and  to  f; 
tate  erection.     Details  of  an  elevation  of  a  bent  are  show 

Fig-  349- 

The  falsework  bent  shown  in  Fig.  349  may  be  a  framed  bent 
ported  on  a  mudsill  as  is  shown  on  the  left,  or  may  be  a  pile 
as  shown  on  the  right.  Eight  posts  or  eight  piles  should  be 
in  a  bent  for  a  20'  roadway.  Two  posts  or  piles  should  be  sp 
close  together  under  the  railing.  Bents  should  be  spaced 
more  than  5'  centers.  Use  four  2  by  10"  joists  under  the  rai 
Use  hardwood  wedges  for  camber  and  to  facilitate  erection. 


Fig.  351. 


.  J?q  o-  Concrete  roof/nq  Q£ 


Fig.  352. 


floor  to  top  of  curb,  then  build  inside  railing  form  to  top  of 
6"  plate,  or  under  side  of  coping,  and  pour  rail  to  this  point, 
concrete  set  while  pouring  other  rail  to  this  height.  Return  fc 
rail  and  see  if  any  settlement  has  occurred,  and  if  so  wedj 
2  by  6"  plate  level  before  building  form  for  coping.     Always 


each 
mill. 


10'   of  span.     Have  1 
For  elevation  and  se 


vide  camber  in  forms  y±  for 
cornered  strip  made  at  planin_ 
of  railing  forms,  see  Fig.  350. 

Details  of  forms  for  retaining  walls  as  constructed  by  the  H 
Central  Railroad  are  shown  in  Fig.  351.  The  forms  were 
structed  in  sections  54'  long.  These  forms  were  cross-bract 
%!'  rods  spaced  7'  83^"  centers  as  shown.  When  the  forms 
taken  down,  the  ends  of  these  roads  were  unscrewed,  the 
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Ibns  of  the  rod  being  left  in  the  wall.  The  forms  were  made  of 
jknk  surfaced  on  the  inside. 

1-ms  used  by  the  Chicago  and  Northwestern  Railway  are 
Hi  in  Fig.  352.  The  forms  were  built  in  sections  35'  long.  The 
■8"  braces  were  used  to  hold  the  sides  of  the  forms  apart  and 
■removed  as  the  concrete  was  put  in  place.  The  2"  pipe  used 
mrei  the  rod  bracing  was  old  boiler  flues  and  rejected  pipe. 


8^53. — Typical  form.     High  abutment  Ry.  elimination  project. 
New  York  State. 

Description 
i.Vhalers.     Two  2  by  6"  boards  nailed  together, 
lltraces.     2  by  6" — spaced  2'  apart. 
Braces  to  hold  whaler  in  place. 

Wnside  braces  after  forms  were  set.     Notice  pressure  against  wires. 
■This  board  held  in  place  and  form  started  from  here, 
hoarding  2  by  8". 
Rails. 

9\  is  No.  9  form  wire  tied  to  whalers,  twisted  and  also  doubled. 
Vis  are  staggered  on  different  braces  and  whalers. 


Bical  abutment  form  New  York  State  elimination  abutment 

Bical  section  arch  form  shown  in  Fig.  354. 

■ail  design  data  for  forms  given  in  Chap.  XIV,  page  1052. 
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Bridge  Inspection. — The  following  extracts  from  the  Calif 
Highway  Commission  Manual  of  Instructions  cover  most  p 
not  specifically  explained  in  the  ordinary  specification.  1 
extracts  are  supplemented  by  a  short  statement  in  regard  to  foi 
tion  soils,  test  piles,  and  staking  out  on  pages  1334  to  1354,  whic 
author  has  found  to  be  convenient  data  for  inspectors  (see 
Specifications,  pp.  1492  to  1572). 

CONSTRUCTION  DETAILS1 

"Resident  engineers  shall  be  guided  by  the  following  instruc 
concerning  the  various  types  of  work : 

"Section  1 .  Excavation. — Safe  and  proper  foundations  for  b 
structures  are  of  the  utmost  importance.  The  life  and  safe 
the  structure  depends  on  the  stability  of  its  foundations. 

"At  the  time  a  structure  is  designed,  the  type  of  footing 
the  allowable  soil  pressures  are  determined  from  the  most  ava: 
data,  but  upon  opening  the  excavation  pits  the  conditions  m; 
found  to  be  different  from  those  assumed  in  design.  This 
make  it  desirable  to  alter  the  footings  either  by  changing  theii 
raising  them,  lowering  them,  by  driving  piles,  or  by  other  mea 

"The  bridge  engineer  shall  always  be  notified  sufficient 
advance  of  the  date  upon  which  it  will  be  possible  to  inspec 
footings  or  foundation  materials,  so  that  he  or  his  assistant 
inspect  them  to  determine  their  suitability  and  pass  upor 
desired  changes. 

"In  case  excavation  is  wet  or  the  material  is  of  such  natur« 
it  has  to  be  cribbed  or  shored,  the  cofferdam  or  crib  shall 
sufficient  size  so  that  there  will  be  ample  room  between  the 
and  the  cofferdam  to  permit  bracing,  to  provide  pumps  for  p 
ing,  and  to  permit  inspection  of  the  concrete  after  the  forms 
been  removed. 

"The  cofferdams,  cribs,  and  shoring  shall  be  sufficiently  s 
to  withstand  the  pressures  caused  by  dewatering  the  pit. 
contractor  shall  be  required  to  submit  sketches  of  the  meth 
constructing  cofferdams  or  cribs.  Braces  shall  not  be  permit) 
extend  into  or  through  the  concrete,  but  should  be  so  arrange( 
they  can  be  removed  as  the  concrete  is  placed. 

"Before  placing  concrete,  all  loose  material  shall  be  reri 
from  the  bottom  of  excavations  and  from  the  walls  where  ex 
tion  is  made  to  neat  lines.  Care  shall  be  taken  not  to  allow  ma 
which  has  been  loosened  by  blasting,  etc.,  to  remain  in  footi 
abutment  excavations  (see  specifications  for  details  of  excava 

"Section  2.  Backfilling  (see  specifications  for  details). — 
filling  around  piers  and  abutments  shall  be  carried  up  unif< 
around  the  entire  structure.  In  case  of  approach  fills  aj 
abutments,  the  filling  shall  not  be  done  until  the  concrete  h. 
sufficiently  to  withstand  the  earth  pressure. 

"Backfilling  that  is  to  become  an  integral  part  of  the  roa 
embankment    shall   be   compacted   by   spreading   in   thin  1 

1  California  Manual. 
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Wed,  tamped,  puddled,  or  compacted  by  other  methods  approved 
h  the  bridge  engineer.  The  class  of  material  will  determine  the 
j|thod  to  be  used. 

[j'No  rubbish,  timbers,  or  other  foreign  materials  shall  be  used  for 
Jtkrilling.  Boulders  shall  not  be  permitted  to  drop  against  the 
tkh  concrete. 

1'Forms  shall  be  removed  to  the  ground  line. 
('Section  3.  Falsework. — For  important  structures  the  con- 
dctor  shall  submit  a  plan  for  approval  showing  the  proposed 
hthod  of  constructing  the  falsework  (see  specifications). 
(.{'Driven  falsework  is  preferable,  but  framed  falsework  may  be 
Jiroved  when  soils  are  suitable,  and  when  sufficient  bearing  is 
Bvided  under  the  sills  to  prevent  settlement.  Especial  care 
■111  be  taken  to  get  sufficient  bearing  area  in  the  case  of  adobe  or 
c  y  soils  because  of  the  liability  of  the  soil  becoming  wet  and  soft 
■sn  concrete  is  placed.  Falsework  shall  be  so  constructed  that  in 
t  event  of  settlement  it  can  be  taken  up  with  wedges.  In  case  of 
iiports  being  placed  where  excavation  has  been  made,  the  sup- 
■ting  timbers  shall  be  set  upon  the  original  firm  ground  or  where 
Isible  upon  the  concrete  footings. 

lit  shall  be  constructed  with  braces  and  fastened  together  in 
sih  a  manner  as  to  act  as  a  unit  so  that  the  settlement  will  be 
wctically  uniform. 

f  (The  use  of  bolts  in  fastening  falsework  is  preferable  to  spiking, 

fit  will  be  much  more  rigid  and  removal  will  be  facilitated. 

■Plans  for  arch  centering,  trussed  falsework,  and  falsework  for 

■ictures  over  railway  tracks  must  be  submitted  to  the  bridge 

■ineer  for  approval  before  their  use  will  be  permitted.     In  the 

Wb  of  supports  over  railway  tracks,  it  is  necessary  that  the  plans 

blapproved  by  the  railway  officials.     The  resident  engineer  will 

■I  that  these  plans  are  submitted  sufficiently  in  advance  of  their 

11  so  that  there  will  be  ample  time  for  approval. 

Illn  setting  grades  for  falsework,  an  allowance  shall  be  made  not 

ir  for  settlement  occurring  from  the  soil,  but  for  closing  of  hori- 

Idtal  joints  in  vertical  framing.     This  allowance  shall  be  deter- 

ijed  as  far  as  possible  by  data  obtained  from  previous  work. 

ft  resident  engineer  shall  take  careful  levels  before  and  after 

pl:ing  of  concrete,  and  before  removal  of  forms,  submitting  the 

selement  data  so  obtained  together  with  a  sketch  of  the  falsework 

tt,  and  a  description  of  conditions,  in  the  final  report  of  the  work. 

Section  4.    Forms. — The  plan  submitted  by  the  contractor  for 

ijfalsework  shall  include  the  forming  plan. 

riln  constructing  forms,  the  grade,  alignment,  surface  appear- 

■e,  and  rigidity  shall  always  be  kept  in  mind. 

•Forms  shall  be  constructed  of  lumber  surfaced  one  side  and  two 

■p.     Joints  in  sheeting  shall  be  permitted  only  at  studs.     Studs 

nl  be  spaced  so  that  the  lines  will  be  straight  and  true,  with  no 

bi;ing  and  tipping  out  of  line.     Where  1"  lumber  is  used  for 

^bting,  studs  shall  be  held  by  means  of  walings  of  sufficient  size 

■fpsure  rigidity  of  the  forms.     The  use  of  2"  T  and  G  lumber 

Jrhe  exposed  surfaces  will  give  a  much  better  finished  appearance 

■  will  facilitate  finishing  the  concrete  surface. 
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"If  green  lumber  is  used,  the  sheeting  shall  be  nailed  as  tight  { 
possible.     If  thoroughly  seasoned  lumber  is  used,  the  forms  shad 
be  oiled  before  the  concrete  is  placed,  or  a  space  from  }?{&  to^j 
in  width,  depending  upon  the  condition  of  the  lumber,  shall  1 1 
left    to   take   care   of   swell.     These   cracks   shall   be   closed  tJ 
thoroughly  soaking  the  forms  with  water  prior  to  placing  concret  4 
in  order  to  prevent  loss  of  cement  and  an  unsightly  surface  finis 
Ship-lap  may  by  used  but  it  shall  be  thoroughly  seasoned 
prevent  shrinkage  of  the  forms. 

"Knot  holes  and  other  apertures  in  forms  shall  be  closed  in  s 
acceptable  manner  before  placing  the  concrete.  Sheeting  of 
width  greater  than  8"  will  not  be  permitted  unless  special  pi 
cautions  are  taken  to  prevent  warping. 

"The  amount  of  camber  to  be  used  in  placing  falsework  depen 
upon  the  bearing  power  of  the  soil,  type  of  forms,  number  of  joir 
in  the  falsework  and  length  of  span.  The  camber  shown  on  t 
plans  is  the  amount  that  should  exist  after  the  forms  have  be 
removed.  A  reasonably  safe  rule  to  follow  is  to  double  this  amou 
to  allow  the  settlement,  but  local  conditions  must  be  considered 
determining  this  amount.  The  thickness  of  the  floor  slab  sh 
be  the  same  at  all  points  regardless  of  the  amount  of  camber  ust 

"The  use  of  bolts  as  tie  rods  in  forms  where  practicable,  such  1 
piers,  abutments,  or  other  mass  concrete,  is  desirable  because 
the  rigidity  obtained.  When  wire  is  used,  it  shall  be  of  sufficu 
strength  and  elasticity  to  permit  thorough  tightening. 

"Oiled  or  other  treated  forms  are  desirable,  but  oiling  must 
done  before  the  reinforcing  steel  is  placed. 

"If  steel  forms  are  used,  they  must  be  made  of  metal  of  sufficit 
gage  to  withstand  knocks,  so  as  not  to  become  dented.  If  of  la: 
size  they  shall  be  constructed  with  stiffeners  to  prevent  bendb 
When  reused  they  must  be  thoroughly  cleaned  and  oiled  bef< 
concrete  shall  again  be  placed  against  them. 

"If  railing  forms  are  constructed  of  lumber,  the  best  results  \ 
be  obtained  by  using  tongue  and  groove  flooring  for  sheeting  a 
other  lumber  cut  to  size  with  a  minimum  of  joints  and  trea: , 
with  white  shellac.     Bolts  are  preferable,  as  wired  forms  are  1 1 
flexible  and  difficult  to  tighten  in  the  thin  section.     The  rail 
forms  shall  be  set  true  to  line  and  grade  by  using  transit  and  to 

"Section  5.    Reinforcing  Steel. — The  placing  of  the  reinfor 
ment  is  a  very  important  detail  of  the  concrete  structure.    T  ■ 
success  of  the  structure  depends  upon  the  reinforced  memlx 
The  resident  engineer  shall  see  that  the  steel  is  furnished  according 
specifications,  that  none  is  placed  unless  absolutely  clean,  that  i 
spacing  in  all  cases  is  correct,  that  all  bars  are  tied  at  intersecti<  >, 
(with  figure-eight  ties),  adequately  supported  by  concrete  bio.; 
or    other   acceptable    means    and    that  there  is  sufficient  sp  I 
between  the  steel  and  surface  of  concrete  to  give  full  protection  |j 
the  steel. 

"Laps  are  to  be  made  only  where  shown  on  the  plans  unlj 
authorized  by  the  bridge  engineer  or  his  assistant  and  when  m;  '1 
shall  be  not  less  than  40  diameters.  At  laps  the  steel  shall  b< 
located  that  there  will  be  at  least  2"  of  concrete  around  each  b* 
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a  Extreme  care  shall  be  exercised  during  placing  of  concrete  to  see 

At  the  steel  does  not  become  misplaced.     The  bars  should  be 

jcgled  to  insure  a  good  bond. 

rlf  for  any  reason  concrete  becomes  dried  on  the  bars  before  they 

1  covered,  it  shall  be  removed  by  scraping  and  not  by  hammering 

I  bars. 

pSection    6.     Concrete,     (a)  Mixing    (see    specifications    and 

fcn  7  on  page  39  of  the  Construction  Department  Manual). — 

F.en  starting  the  placement  of  concrete  the  rock  may  be  reduced 

■the  first  few  batches  until  the  mixer-  has  become  thoroughly 

felted   with  cement  in  order  to  insure  the  workability  of  the 

Icrete. 

m(b)  Placing  (see  specifications). — It  is  of  the  utmost  importance 

0:t  concrete  be  properly  placed  and,  in  order  to  secure  the  required 

■lilts,   the  resident  engineers  must  give  this  close  and  minute 

fcntion. 

IjThe  plans  will  contain  a  diagram  showing  the  successive  loca- 

Li  ls  of  concrete  placement.     The  contractor  shall  equip  the  work 

ifcuch  a  way  that  this  can  be  followed.     If  it  is  necessary  to  make 

■Its  in  the  concrete,  they  shall  be  horizontal  in  piers  and  abut- 

lits,  except  in  abutments  for  arch  spans  when  they  shall  be 

Hie  at  right  angles  to  the  resultant  line  of  thrusts.     If  joints  are 

He,  they  shall  be  securely  bonded  by  stepping,  notching  or  by 

I  of  dowels  or  other  acceptable  means.  Joints  will  not  be  per- 
■ted  in  girder  spans  except  as  shown  on  the  plans,  unless  author- 

II  by  the  bridge  engineer  (see  plates  355  and  356). 

CONSTRUCTION  JOINTS 

I  lass  Concrete. — Construction  joints  in  mass  concrete  abut- 
■nts,  wings  and  walls  are  often  necessary  and  there  is  no  objection 
■their  use.  The  concrete  is  brought  up  in  horizontal  layers 
■to  8"  thick  to  permit  proper  placing  and  spading.  At  the  end  of 
feh  days'  work  a  key  or  dowel  joint  is  provided.  Dowel  joints  by 
nans  of  vertical  steel  beams  or  rails  as  shown  in  Fig.  353  are  the 
out  convenient  method  and  are  usually  adopted  utilizing  old  steel 
fra  the  old  bridge  but  key  joints  similar  to  Fig.  354,  page  1352,  are 
enrely  satisfactory.  These  key  joints  should  be  approximately 
■to  12"  deep  and  have  a  top  area  of  approximately  30%  of  the 
tol  area  to  be  bonded. 

I  iab  decks  should  be  constructed  full  depth  for  the  entire  span 
Kne  operation  and  if  there  is  any  doubt  of  being  able  to  accom- 
pp  this  they  should  be  laid  in  strips  parallel  to  the  span  and  each 
B>  completed.  There  is  no  objection  to  laying  in  a  series  of 
■bs.  If  a  breakdown  makes  it  necessary  to  stop  work  and  it  is 
■pssible  to  finish  by  hand  mixing  methods  put  in  a  header  per- 
■flicular  to  the  axis  of  the  slab  and  provide  corrugated  key 
prections  of  at  least  30%  of  the  section  area  as  shown  in  Fig.  356. 
The  joints  should  be  located  at  points  of  least  shear  (near  center 
oi  oan). 

:ch  rings  are  handled  in  the  same  manner  as  slabs  except  that 
W  is  started  at  both  abutments  working  towards  the  crown  to 
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keep  a  symmetrical  load  on  the  center  and  prevent  distortion.     It 
common  practice  to  lay  arch  rings  in  strips  but  intermediate  joir 
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Fig.  355. — Order  of  placing  concrete. 

are  to  be  avoided  if  possible;  when  necessary  they  should  be  perp 
dicular  to  the  arch  ring  radius  and  can  be  placed  at  any  local 
without  much  danger  of  weakness. 
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irders  are  handled  in  the  same  manner  as  slabs  except  that  they 
lit  not  be  constructed  in  strips. 
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Fig.  356. — Emergency  construction  joints. 

jbeams  are  the  most  difficult  deck  to  pour  properly  and  a  strong 
t  should  be  made  to  complete  the  superstructure  in  one  con- 
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tinuous  pour  even  if  double  shifts  are  required.  The  inspec 
should  have  in  mind  that  for  T-beam  construction,  Fig.  73,  page  '. 
the  floor  slab  is  part  of  the  beam  and  concrete  must  be  poured 
depth,  both  beam  and  slab  being  carried  forward  in  one  operat 
The  best  method  of  pouring  a  T-beam  structure  is  to  start  at 
side  of  the  bridge,  pour  one  beam  and  slab  complete  and  then  v* 
across  the  bridge  completing  each  beam  and  slab  one  at  a  ti 
In  case  a  break  down  forces  a  joint  the  best  location  is  in  the  f 
slab  parallel  and  midway  between  two  beams. 

"Concrete  shall  not  be  placed  in  the  curb  and  railing  until 
falsework  has  been  removed,  except  in  the  case  of  through  gi: 
spans  when  the  girder  and  curb  shall  be  placed  monolithic* 
The  curb  and  railing  shall  be  constructed  separately.  The  utr 
care  shall  be  exercised  to  keep  the  forms  in  good  alignment. 

"Except  in  cases  of  necessity,  no  concrete  shall  be  placed  ui 
water  and  at  no  time  will  it  be  permissible  to  place  concret 
running  water.  When  concrete  is  placed  under  water,  it  shal  •. 
by  means  of  a  tremie,  bottom-dump  bucket  or  other  met 
equally  as  good,  and  acceptable  to  the  bridge  engineer, 
concrete  shall  be  of  such  consistency  that  it  will  flow  and 
separate  when  deposited  under  the  water;  if  it  is  too  dry  or 
wet  it  will  separate  with  a  resulting  poor  concrete. 

"Concrete  shall  be  placed  in  successive  layers  in  all  portior 
the  work  except  the  deck.  As  each  layer  is  placed,  it  shal 
thoroughly  rodded  and  worked  into  a  compact  mass.  In 
forms  care  shall  be  exercised  to  see  that  the  placing  is  not  so  r 
as  to  permit  sufficient  pressure  to  accumulate  as  to  cause  bul 
of  the  forms.  Care  shall  be  exercised  to  see  that  all  bolts  or  \ 
are  tight  at  all  times. 

"In  piers,  abutments,  or  other  large  masses  the  concrete  ca 
spaded  very  satisfactorily  with  a  square-point  shovel,  but  in  sm 
sections  it  will  be  necessary  to  have  special  tools. 

"When  boulders  (plum  rocks)  are  placed  in  mass  concrete, 
shall  be  placed  in  such  a  manner  as  to  insure  their  being  thorou 
imbedded  with  no  air  pockets  around  them  and  not  less  tha: 
of  concrete  on  all  sides  (see  specifications). 

"When  placing  concrete  in  girders  or  beams,  the  first  layer 
be  just  sufficient  to  cover  the  steel  and  shall  start  at  one  end 
be  carried  continuously  along  the  full  length  of  the  girders  b< 
the  second  layer  is  started.  The  succeeding  layers  shall  t 
proper  thickness  to  permit  proper  working  of  the  concrete,  m 
placing  of  concrete  is  in  progress  and  before  it  has  taken  the  ii 
set,  the  forms  shall  be  hammered  on  the  outside  with  a  wo< 
mallet  or  hammer  to  insure  the  mortar  being  brought  to  the  sur 

"When  placing  concrete  in  the  deck,  it  shall  be  started  at  one 
brought  up  to  grade,  and  carried  forward  in  one  operation, 
surface  and  grade  shall  be  obtained  either  by  using  screeds  s 
grade  or  by  means  of  a  template  cut  to  the  proper  crown 
operated  on  the  side  forms.  The  surface  shall  then  be  smoo 
longitudinally  with  a  wooden  float,  operated  with  a  comt 
longitudinal  and  transverse  motion  to  plane  off  the  high  places 
bring  the  low  places  up  to  grade.     After  this  has  been  accompli* 
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Bnooth  surface  shall  be  obtained  by  finishing  with  a  belt,  hose, 
■t  or  other  acceptable  method.  It  is  essential  that  a  smooth- 
ing surface  be  obtained  so  that  impact  will  be  reduced  to  a 
mimum. 

■Where  angle  irons  are  placed  at  points,  extreme  care  shall  be 
Ircised  to  see  that  they  fit  true  to  grade,  are  not  tipped,  and  are 
ieirely  fastened  before  the  placement  of  concrete  is  commenced. 
D"ing  the  placing  of  concrete  they  shall  be  carefully  watched  to 
■that  they  are  not  knocked  out  of  position.  It  is  preferable  to 
He  angles  %"  below  grade. 

■The  placing  of  concrete  in  the  curbs  and  railing  shall  be  carried 
In  layers,  and  after  a  layer  has  been  spaded  and  worked  suffici- 
ly,  it  shall  not  be  disturbed  in  spading  the  succeeding  layers, 
bin  doing  so  air  pockets  will  be  formed  on  the  surface  with  a 
p|lting  poor  finish. 

mc)  Finishing  (see  specifications). — A  good  finished  appearance 
Bsential  at  all  times.  Good  finish  depends  upon  good  formwork, 
I  in  placing,  removal  of  forms  as  soon  as  possible,  and  care  in 
iihing  by  experienced  labor. 

Ikt  all  corners  where  possible,  such  as  at  construction  joints  and 
gn  tops  of  forms,  an  edging  tool  of  proper  radius  shall  be  used  to 
ibd  the  corners.  Corners  that  cannot  be  treated  in  this  manner 
■L  be  chamfered,  either  by  nailing  a  fillet  of  the  required  dimen- 
lk,  to  the  forms,  or  by  beveling  the  corners  of  the  forms, 
■excellent  results  will  be  obtained  by  finishing  in  two  operations, 
Jely,  "first  rub"  and  "second  rub." 

■The  "first  rub"  is  a  surface  treatment  of  imperfections  that  are 
Bent  upon  removal  of  forms,  such  as  form  marks,  bolt  holes, 
Hruding  tie  wires,  etc.,  and  must  be  made  immediately  upon 
|bval  of  forms — usually  done  within  24  to  48  hr.  after  concrete 
•faced,  on  vertical  surfaces  that  are  not  supporting  members.  A 
Ijtar  composed  of  1  part  cement  to  3  parts  sand  (screened 
■ugh  a  14-  or  16-mesh  screen)  is  applied  to  the  entire  surface, 
■r  removing  any  fins  or  projections,  while  the  concrete  is  green 
Afaat  it  will  become  an  integral  part  of  the  surface.  Care  shall 
^exercised  that  the  mixture  is  not  too  rich  so  that  checking  of  the 
fcace  will  be  prevented. 

The  "second  rub"  can  best  be  done  as  the  last  operation  when 
illther  work  on  the  structure  is  completed,  the  workman  to  start 
■ae  top  and  work  down,  the  treatment  to  consist  of  the  applica- 
ifof  water  and  very  thorough  rubbing  with  carborundum  stones. 

The  quality  of  the  finish  obtained  depends  upon  the  skill  of  the 
■fcmen,  as  in  both  "first"  and  "second"  rub,  hard  work,  proper 
»rvision,  and  particular  care  must  be  exercised  to  leave  the 
SQace  without  showing  fines  where  work  started  and  stopped. 
'J  Mechanical  means  of  surfacing  may  be  employed  if  the  results 
Kned  are  of  the  same  quality  as  the  foregoing. 
I  If  dark  cement  is  used  in  the  railings,  a  small  amount  of  hydrated 
■  should  be  added  to  the  mixture  to  make  a  lighter  color  in  this 
•ton  of  the  structure. 

%»)  Curing  (see  specifications). — Where  possible  the  curing  of 
:oirete  shall  be  done  by  covering  the  surface  with  earth  and 
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dyking  or  flooding  with  water.  In  places  where  this  methoc 
not  possible,  the  concrete  shall  be  kept  wet  by  sprinkling  or  covei 
with  burlap  that  is  kept  well  dampened  the  required  length  of  ti 
The  resident  engineer  shall  insist  upon  proper  curing.  The  stren 
of  structures  will  be  greatly  affected  by  the  curing  and  may 
reduced  as  much  as  30%  if  this  work  is  not  properly  done.  \^ 
this  in  view  steps  shall  be  taken  to  cure  the  concrete  as  sooi 
possible  after  it  is  in  place. 

"Section  7.  Waterproofing  and  Repair  of  Concrete  Structu 
(a)  Necessiiy  for  Waterproofing. — Where  structures  are  subjec 
to  action  from  salt  air  and  salt  water  or  alkali,  it  is  important  1 
the  concrete  be  as  impervious  as  possible.  If  there  is  any  poros 
the  salt  water  and  alkali  will  attack  the  concrete,  and  if  thei 
steel  within  reach,  it  will  corrode.  When  steel  corrodes,  it  expa; 
destroying  the  bond  and  cracking  the  covering  concrete. 

"  (b)  Waterproofing  New  Structures. — The  best  method  of  prev 
ing  this  destructive  action  is  by  obtaining  a  dense  concrete  w 
the  structure  is  constructed.  In  order  to  obtain  a  dense  conci 
the  utmost  care  and  attention  must  be  exercised. 

"There  are  certain  rules  and  practice  to  be  followed  as  given  be 

1.  Use  of  dense,  rich  concrete,  not  less  than  6  sacks  of  cement  per  cu 

2.  From  2'  below  low  water  to  2'  above  high  water  7  sacks  of  cemen 
cu.  yd.  shall  preferably  be  used. 

3.  Concrete  to  be  deposited  in  dry  when  possible. 

4.  Avoid  contact  of  salt  water  with  the  concrete  for  at  least  4  days 
placing  (see  p.  1530). 

5.  Use  of  strong,  sound  aggregates. 

6.  Avoidance  of  beach  sands. 

7.  Fresh  water  to  be  used  in  mixing  concrete.     A  minimum  of  water 
used  at  all  times. 

8.  Only  concrete  block  chairs  to  be  used  for  supporting  reinforcing 

9.  Reinforcing  steel  to  be  well  imbedded  in  the  concrete. 

10.  Construction  joints  to  be  reduced  to  a  minimum  number. 

11.  Concrete  to  be  spaded  and  tamped  thoroughly  to  produce  a  uni 
skin  surface. 

12.  Oiled  or  treated  forms. 

13.  Concrete  to  be  mixed  not  less  than  2  min. 

"(c)  Repairing  Old  Structures. — The  best  method  of  repairi 
reinforced-concrete  structure  that  has  been  affected  by  the  a( 
of  salt  water  or  alkali  is  to  remove  loose  concrete  and  recovei 
reinforcing  steel  with  concrete.  Small  repairs  can  be  mad(  I 
hand  methods  but  where  any  quantity  of  repairing  is  to  be  done 
of  the  best  methods  is  to  apply  gunnite. 

"Section  8.  Pile  Driving,  (a)  Materials. — For  details 
materials  for  all  classes  of  piling,  see  specifications. 

"(b)  Limitation  of  Use. — In  general,  the  penetration  for 
pile  shall  be  not  less  than  io'  in  hard  material  and  not  less^ 
one-third  the  length  of  the  pile  nor  less  than  20'  in  soft  materi; 

"For  foundation  work,  no  piling  shall  be  used  to  penetrate  a 
soft  upper   stratum  overlying  a  hard   stratum  unless   the 
penetrate  the  hard  material  a  sufficient  distance  rigidly  to  fb 
ends. 

"(c)  Caps. — The  heads  of  all  concrete  piles,  and  the  hea( 
timber  piles  when  the  nature  of  the  driving  is  such  as  undul 
injure  them,  shall  be  protected  by  caps  of  approved  design,  pr 
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h  having  a  rope  or  other  suitable  cushion  next  to  the  pile  head 
I  fitting  into  a  casting  which  in  turn  supports  a  timber  shock 
Ilk.  When  the  area  of  the  head  of  any  timber  pile  is  greater 
||  that  of  the  face  of  the  hammer,  a  suitable  cap  shall  be  pro- 
lid  to  distribute  the  blow  of  the  hammer  throughout  the  cross- 


Fig.  357. — Pile  splices. 

Mm  of  the  pile  and  thus  avoid,  as  far  as  possible,  the  tendency 

Hit  or  shatter  the  pile. 

I?)  Splicing  Timber  Piles. — Piles  shall  not  be  spliced  except  by 

■ermission  of  the  bridge  engineer. 

It)  Methods  of  Driving. — Timber  piles  shall  be  driven  with  a  drop 

airier,  steam  hammer,  water  jets,  or  a  combination  of  water  jet 

ac  hammer.     Concrete   piles  shall  not  be  driven   without   the 

jpination  of  steam  hammer  and  jet  except  by  permission  of  the 

rice  engineer.     Two  jets  shall  preferably  be  used  to  eliminate 
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the  possibility  of  the  pile  crawling.  If  satisfactory  to  the  bri 
engineer,  concrete  piles  may  be  used,  cast  with  a  pipe  through 
center.  The  final  penetration  shall  be  secured  without  the  ai. 
the  jet. 
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FlCS.  13d,  e  and/. — Shoes  for  Timber  Piles. 

Pig.  358. — Pile  shoes. 

"When  gravity  hammers  are  used,  they  shall  weigh  not  less 
3000  lb.  and  the  fall  shall  be  so  regulated  as  to  avoid  injury  t( 
pile  and  in  no  case  shall  exceed  15'. 

"When  the  penetration  is  %"  or  less  per  blow,  driving  sha 
stopped,  as  such  penetration  shall  be  considered  refusal 

"Steam  hammers  shall  develop  an  energy  per  blow  of  not  less 
12,000  ft.-lb. 
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ifThe  leads  shall  be  so  guyed  or  braced  as  to  hold  the  pile  in  posi- 
L  during  the  entire  process  of  driving.  Extension  leads  are 
■erred,  but  the  use  of  a  follower  will  be  permitted  when  neces- 
ii.  A  submarine  hammer  may  be  used  where  piles  are  driven 
met  water,  but  they  must  be  of  such  length  that  when  cut  off 
iiie  will  be  a  sound,  clean  head. 

There  shall  be  a  variation  of  not  more  than  ]/i"  per  foot  from  the 
/eical  or  batter  line  indicated. 


Lead}-. 


Hammer 


■■Ring  _ 

•  Cushion  Block 


^-Pile 

Fig.  359. — Pile  caps. 

a  m  some  instances  loading  tests  may  be  necessary  to  determine 
hoearing  value  of  piles.  More  generally,  however,  the  following 
orulas  shall  be  used  to  determine  bearing  values: 

2WH 

for  drop  hammers 


P  = 


pi  = 


s  +  1.0 
2WE 

S  +  O.I 

2H(W  -f  Ap) 


for  single-acting  steam  hammers 


for  double-acting  steam  hammers 


s  -\-  0.1 

?e  P    —  safe  bearing  power  in  pounds. 

W  =  weight  in  pounds  of  striking  parts  of  hammer 

i    H  =  height  of  fall  in  feet  or  length  of  stroke. 

I    A    =  area  of  piston  in  square  inches. 

1    p    =  steam  pressure  in  pounds  per  square  inch. 

5     =  The  average  penetration  in  inches  per  blow  for  the 

last  5  to  10  blows  for  gravity  hammers  and  the  last  10 

to  20  blows  for  steam  hammers. 

TTTHOr's  Note. — Formula  page  1340  using  maker's  speed  of  blow  in  deter- 
1  g  E  is  more  reliable  than  the  use  of  steam  pressure  area  and  stroke. 
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"The  above  formulas  are  applicable  only  when 

"a.  The  hammer  has  a  free  fall. 

ub.  The  head  of  the  pile  is  free  from  broomed  or  crushed  w< 
fiber. 

"c.  The  penetration  is  at  a  reasonably  quick  and  uniform  rate, 

"d.  There  is  no  perceptible  bounce  after  the  blow.     Twice  i 
height  of  the  bounce  shall  be  deducted  from  H  to  determine 
true  value  in  the  formula. 


ars 


Pitch  of 
Spiral 

Peinforcemenj;. 
6" 


bars 


|<-  "*-  r  -*9  Wire  sP.'ral 

~-  >{     hoping  wired 
lobars 


I8h24 


Pilch  of . 
\t^3     Sp'ra,\  f°°P'n9 


-A4"} 

Typical  precast  concrete  pile 
Ordinary  strength  up  to  30'. 

"In  case  water  jets  are  used  in  connection  with  the  driving 
bearing  power  shall  be  determined  by  the  above  formulas  froir 
results  of  driving  after  the  jets  have  been  withdrawn,  or  a  load 
may  be  applied. 

"When  required,  by  the  bridge  engineer,  test  piles  shall  be  dr  1 
of  a  length  and  at  the  location  designated.  These  piles  shall  1  f 
greater  length  than  the  length  assumed  in  the  design  in  ovdt  J 
provide  for  any  variation  in  soil  conditions. 

"After  proper  penetration  is  determined  by  driving  test  f  i 
the  resident  engineer  shall  furnish  the  contractor  with  an  iterr  i 
list  showing  the  number  and  length  of  all  piles,  and  the  contra | 
shall  furnish  piles  in  accordance  with  such  itemized  list 
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I  The  storage  of  piles  in  all  cases  shall  be  such  as  to  avoid  injury 
B.he  pile.  If  the  surface  of  treated  piles  is  bruised,  it  shall  be 
Ijeated  in  an  acceptable  manner. 

wThe  tops  of  all  piling  shall  be  sawed  to  a  true  plane  as  shown  on 
■  plans  and  at  the  elevation  so  indicated.  Piles  which  support 
■per  caps  or  grillage  work  shall  be  sawed  to  the  exact  plane  of  the 
ftrimposed  structure  and  shall  exactly  fit  it.  Foundation  piles 
111  be  cut  off  at  staggered  elevations  so  that  cleavage  planes  shall 
■avoided.  Broken,  split  or  misplaced  piles  shall  be  withdrawn 
Ij  properly  replaced.  Also,  those  driven  below  cut-off  grade 
fli  by  the  engineer  shall  be  withdrawn  and  replaced  by  new  and 
■ecessary,  longer  piles  at  the  expense  of  the  contractor.  All 
fife  raised  during  the  process  of  driving  the  adjacent  piles  shall 
jclriven  down  again. 

■/)  Concrete  Piles.* — In  general  the  same  rules  that  apply  to 
fir  concrete  shall  govern  the  mixing  and  placing  of  precast 
:o.:rete  piles.     The  casting  platform  shall  be  so  constructed  that 

I I  absolutely  level  and  so  there  shall  be  no  settlement  when  the 
0:  of  concrete  is  applied. 

The  forms  shall  be  of  the  same  standard  as  required  for  other 
JKes  of  concrete  work  and  of  sufficient  stability  to  prevent  warp- 
II  tipping  out  of  line,  or  bending.  They  shall  be  so  constructed 
I  removal  can  be  made  within  48  hr.  without  moving  the  pile. 
Boon  as  the  forms  are  removed,  the  surface  shall  be  treated  in 
name  manner  as  specified  for  other  concrete  surface  treatment. 
fljy  shall  also  be  cured  in  the  same  manner.  They  shall  not  be 
■red  until  the  28  days  have  elapsed  and  in  case  of  piles  to  be 
iren  in  salt  water  preferably  not  before  60  days, 
sltn  handling  piles,  care  shall  be  taken  not  to  bruise  the  surface 
>rreak  the  corners.  Piles  shall  be  handled  by  means  of  a  sling 
fther  acceptable  method  to  prevent  undue  stresses  with  resulting 
ijure  of  the  pile.  If  they  are  cracked  or  damaged  in  handling  so 
uso  be  unfit  for  use,  it  will  be  cause  for  rejection  and  all  such 
)il  shall  be  replaced  by  the  contractor  at  his  expense. 
\\t  is  preferred  that  piles  be  cast  full  length  of  the  reinforcement 
Mcut  off  to  the  required  height,  but  if  this  is  not  done,  the  con- 
K:or  shall  protect  the  projecting  steel  during  driving. 

The  reinforcing  steel  shall  have  a  cover  of  not  less  than  2"  and 
vl-e  piles  are  subject  to  the  action  of  salt  air  and  water  a  minimum 
:or  of  3"  shall  be  obtained. 

■In  driving  piles  for  concrete  bents,  a  good  method  to  follow  is 
Mto  drive  the  vertical  piles  and  to  provide  a  guide  for  the  batter 
H  by  bolting  two  large  timbers  alongside  the  vertical  piles. 
M  will  help  to  keep  all  the  piles  in  line. 

ng)  Sheet  Piling. — These  rules  apply  only  to  such  sheet  piling  as 
g  be  specified  in  the  contract  and  not  to  methods  which  the 
Hractor  may  employ  in  the  prosecution  of  the  work. 

JJuthor's  Note. — Figure  of  typical  concrete  pile  based  on  1%  to  1}$% 
wudinal  reinforcement  with  looping  as  shown.  This  pile  is  a  safe  design 
#p  to  30  ton  load  up  to  about  30  ft.  total  length.  For  special  heavy  loads 
Wxtreme  lengths  see  Jacoby  and  Davis  Foundations  for  Design  of  Precast 
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"The  type  and  quality  of  piles  used  shall  be  as  specified  and  sk 
be  driven  to  the  required  elevation. 

"They  shall  be  driven  in  approximately  the  same  manner 
specified  for  other  piles  but  shall  be  drift  sharpened  so  that  adjao 
piles  shall  be  wedged  tightly  together.  They  shall  be  bra< 
securely  by  means  of  waling  strips  either  on  the  inside  or  on 
outside  as  conditions  require.  The  wales  shall  be  of  one  lenj 
where  possible.  If  splices  are  necessary  they  shall  be  made  w 
timber  of  the  same  section  as  the  wale  itself  and  securely  bolt 
The  sheet  piles  shall  be  bolted  to  the  wales  sufficiently  to  g 
stability. 

STEEL  STRUCTURES1 

"Section  1.     Shop  Inspection. — All  important  steel  structv. 
are  usually  inspected  at  the  shops,  but  whether  shop  inspect 
has  been  made  or  not,  work  which  does  not  conform  to  the  spe< 
cations  and  to  recognized  good  practice  shall  be  rejected  by 
resident  engineer. 

"Section  2.  Unloading  and  Storage. — When  the  steel  arrive 
the  site  of  the  work,  the  resident  engineer  shall  see  that  i 
unloaded  in  such  a  way  as  to  avoid  bending  of  plates  or  member 
unduly  marring  the  shop  paint.  The  steel  shall  be  placed  i 
protected  place  upon  a  substantial  raised  platform.  It  shaL 
piled  in  such  a  way  that  it  will  not  topple  over  or  the  steel  be  t 
by  an  excess  weight  upon  it. 

"Any  material  bent  in  shipping  shall  be  straightened  cold, 
it  is  so  badly  bent  that  this  cannot  be  done,  it  shall  be  rejec 

"Section  3.    Falsework. — Before  any  steel  is  erected,  the  fa 
work  shall  be  carefully  inspected  by  the  resident  engineer, 
shall  see  that  camber  blocks  are  set  to  the  proper  grades 
alignment  and  that  they  are  maintained  until  the  span  is  swunj 

"Section  4.    Anchor  Bolts. — The  resident  engineer  shall  see  t 
the  anchor-bolt  holes  are  drilled  in  the  correct  location  and  ; 
pendicular  to  the  plane  of  the  bridge  seat.     Great  care  shall 
exercised  to  see  that  anchor  bolts  are  set  in  exact  position 
securely  grouted  into  place.     Expansion  ends  of  trusses  must  1 
free  to  move  longitudinally  under  change  of  temperature  but  t  i 
should  be  anchored  against  lifting  or  moving  side  wise.     To  accj 
plish  this,  the  nuts  on  the  anchor  bolts  should  be  brought  dowi ' 
allow  a  slight  clearance  between  the  nut  and  the  shoe.     Masc 
plates  should  be  grouted  in  such  a  manner  as  to  insure  per 
bearing  over  the  entire  surface  of  the  plate  and  they  must  be  1< 
and  to  exact  elevation. 

"Section  5.  Erection. — Segmental  rollers  should  be  set  to 
exact  angle  shown  on  the  plans.  When  the  span  is  swung  and 
floor  is  completed,  the  rollers  will  stand  vertical  at  the  avei 
temperature.  If  the  angle  of  inclination  is  not  shown,  the  atten' 
of  the  bridge  engineer  should  be  called  to  the  fact.  In  assemb 
steel,  the  resident  engineer  shall  see  that  proper  care  is  observe 
avoid  injury  or  damage  to  the  various  parts.     Excessive  hamme: 

1  See  also  pp.  1533  to  1566. 
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Ijh  may  distort  the  metal  shall  not  be  permitted.  All  parts 
m  be  placed  in  accordance  with  the  erection  diagram  of 
roiing  drawings.  Reamed  connections  which  have  been  match 
lied  in  the  shop  should  be  erected  in  accordance  with  those 

ibrifting  which  would  distort  the  metal  shall  not  be  permitted. 
Mid  holes  be  poorly  matched,  they  should  be  reamed  to  such 
Iks  will  give  a  true  hole  throughout  and  larger  rivets  driven. 
■L  cases,  the  resident  engineer  shall  see  that  the  proper  sequence 
•served  in  riveting  in  order  that  all  rivets  may  be  driven, 
fire  permitting  riveting,  all  members  shall  be  accurately  and 
By  bolted  up  and  all  burred  edges  should  be  removed  so  that 
fcrts  are  in  close  contact.     At  least  25%  of  the  holes  shall  be 

»ld. 

■he  resident  engineer  shall  check  the  sizes  of  all  members,  see 
■all  joints,  shown  on  the  plans  as  milled,  are  brought  to  perfect 
flng,  that  all  loose  fillers  and  pin  packing  or  ring  fillers  are 
■d  as  shown. 

'  ection  6.  Riveting. — All  field  riveting  shall  be  done  with 
Hmatic  hammers.  The  resident  engineer  shall  check  rivets 
ij  length  as  per  standard  specifications.  Rivets  shall  be  heated 
Brmly  to  a  light  cherry-red  color  and  be  at  that  color  when 
Bted  in  the  holes  for  driving.  The  heating  of  the  points  of 
Ik  more  than  the  remainder  shall  not  be  permitted.  When 
m  for  driving  they  should  be  free  from  slag,  scale,  and  other 
■ring  matter  and  when  driven  they  should  completely  fill  the 
dfli.  Burned,  burred  or  otherwise  defective  rivets  and  rivets 
wjb.  throw  off  sparks  when  taken  from  the  forge  shall  not  be 
Nn.  Rivets  whose  heads  are  pitted  from  burning  shall  be 
jcted. 

''here  have  been  times  when  as  many  as  25  %  of  rivets  that  have 
■placed  on  the  job  have  had  to  be  removed.  To  prevent  this, 
■resident  engineer  shall  inform  the  contractor  in  advance  that 
llsuch  riveting  as  is  of  the  best  quality  and  workmanship  will 
accepted  and  that  other  than  perfect  rivets  will  have  to  be 
■ved  and  replaced.  No  recupping  or  calking  will  be  allowed. 
Ik  burned,  badly  formed  or  otherwise  defective  riv  *ts  shall  be 
Hut.  All  rivets  shall  be  required  to  have  full  heads  and  line 
p  lith  rows  in  which  they  are  driven. 

In  cutting  out  defective  rivets,  care  shall  be  taken  not  to  injure 
le^djacent  metal  and  if  necessary  the  resident  engineer  shall 
■Ire  the  rivet  shanks  to  be  removed  by  drilling.  Should  injury 
Hrident,  the  contractor  shall  be  required  to  ream  the  holes 
at  the  injured  metal  is  removed  and  drive  larger  rivets.  Should 
Injury  be  of  such  extent  that  removing  up  to  3^"  larger  than 
■pal  diameter  of  the  holes  will  not  remove  the  injured  metal, 
If  member  or  part  of  member  will  be  required. 

'action  7.  Concrete  Floors. — Concrete  floors  on  steel  trusses 
Hnot  be  placed  until  after  the  falsework  has  been  removed  and 
Iban  swung  into  place.     In  placing  the  concrete  in  the  slab,  the 

I  as  shown  on  the  plans  should  be  followed.     If  there  is  no 

H  of  concrete  placement  shown  on  the  plans,  the  attention  of 


1370  INSPECTION  DETAILS 

the  bridge  engineer  shall  be  called  to  the  fact  and  he  will 
instructions. 

"It  is  always  safe  to  begin  at  the  center  of  the  span  and  woi 
both  directions. 

"The  resident  engineer  shall  see  that  counters  are  prop 
adjusted,  that  the  turnbuckles  are  so  adjusted  that  they  have 
same  number  of  turns  in  the  barrel  of  the  turnbuckles.  Cour 
should  be  left  loose  until  the  span  is  swung.  They  should 
be  tightened  sufficiently  to  take  out  any  slack  which  exists  in 
member  but  only  tightened  to  the  point  where  they  will  take  st 
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SPECIFICATIONS 

H"he  following  clauses  quoted  from  various  sources  are  examples  of 
(tirent  practice.  They  are  not  ideal  but  serve  to  show  the  points 
tooe  considered,  and  have  been  included  to  give  condensed  author- 
Be  descriptions  of  construction  operations.  If  the  reader  is 
mparing  specifications  he  can  obtain  the  most  up-to-date  ideas 
tin  the  U.  S.  Bureau  of  Roads  and  the  American  Association  of 
fijhway  Officials,  who  have  prepared  standard  specifications  cover- 
■  all  clauses  of  road  and  bridge  work. 

ft  specification  should  be  complete,  concise,  and  clear  as  to  the 
Biterials,  manipulation,  and  basis  of  measurement  and  payment. 
Ipreparing  a  specification  it  is  convenient  to  have  a  general  out- 
li ;  of  points  to  be  covered.  Such  an  outline  has  been  prepared  by 
I  U.  S.  Office  of  Public  Roads  to  serve  as  a  uniform  basis  for 
ijcifications  for  federal  aid  and  is  reproduced  below.  It  is  in  the 
aihor's  opinion  a  very  good  reminder  of  necessary  requirements. 
.Che  usual  size  of  page  used  for  highway  specifications  is  approxim- 
ately 8%  by  n";  this  is  an  unwieldy  size  for  field  use;  a  size  of 
Sty  g"  is  much  handier  and  is  about  the  smallest  dimension  feasible 
0)  account  of  space  required  on  the  proposal  bidding  blanks. 
I^ere  much  work  is  being  done,  the  specifications  proper  can  be 
pited  in  pocket  form  4}-^  by  6^2  "  and  the  proposal,  contract,  and 
bad  separately  on  the  usual  8^  by  n"  size.  This  makes  a  con- 
vdent  combination  for  both  the  field  men  and  for  office  filing  of 
c<  tract  records. 

Repetitions  should  be  avoided.  Segregating  the  requirements  for 
irterials  in  one  part  of  the  specification  will  prevent  repetitions. 
Bnks  to  be  filled  out  by  hand  are  undesirable  and  should  be 
nuced  to  a  minimum.  Loose-leaf  specifications  are  poor  prac- 
fi.  Printed  bidding  sheets  containing  the  estimate  quantities 
o:work  reduce  possible  ^complications  in  connection  with  com- 
ping  bids. 

Jo  attempt  is  made  in  this  book  to  discuss  methods  of  bidding 
»|the  legal  forms  of  contract,  as  they  must  conform  to  local 
st:utes. 

StNDARD    OUTLINE    OF   ROAD   AND    BRIDGE    SPECIFICATIONS 

P  posed  as  Standards  of  Practice  U.  S.  Bureau  of  Public  Roads  (1925) 

fjOTE. — General  headings  and  subheadings  appear  in  the  outline  in  the 
•fer  and  form  in  which,  it  is  proposed,  they  should  be  used  in  Standard 
•fcifications;  each  of  these  subheadings  should  cover  pertinent  subject 
Wter,  treated  in  the  form  and  arrangement  indicated.     Subject  matter  to 

1371 
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be  dealt  with  under  each  item  and  subheading  is  briefed,  where  not  otherw 
clear  and  self-evident.  To  promote  succinctness,  as  well  as  uniformity,  1 
selected  typical  phraseology  appearing  in  this  outline  is  suggested  as  standa 
It  is  not  the  intent  that  all  subjects  here  outlined  be  covered  in  a  st 
Standard  Specification,  if  not  involved  in  the  work  contemplated  by  a  sta 
or  required  by  law,  but  such  headings,  items,  subheadings,  and  subject  mat 
as  are  involved  in  a  specification  should  appear  in  the  order  and  form  in 
cated  in  this  outline.  Such  additional  items,  or  general  subjects  w 
suitable  headings,  as  are  desired  should  be  inserted  in  their  logical  posit 
in  the  outline.  Such  additional  clauses  or  incidental  paragraphs  as 
desired  should  be  placed  following  those  shown  in  the  item  or  article  to  wh 
they  pertain. 

Title  Page  or  Cover  for  Specifications,  Etc. 

Note. — The  name  of  the  state  should  appear  at  the  top  of  the  title  pj 
in  bold-faced  caps. 

Definitions  and  Terms 

Definition  of  State,  State  Highway  Department,  or  Commission,  Engint 
Contractor,  and  all  words  or  terms  used  in  a  special  sense. 

Proposal  Requirements  and  Conditions 

Contents  of  Proposal  Forms. — Location  and  description  of  proj< 
approximate  estimate  with  schedule  of  items  for  which  bid  prices  are  invit 
special  provisions,  date,  time,  and  place  of  opening. 

Interpretation  of  Estimates. — Basis  for  comparing  bids;  statement  rega 
ing  right  of  engineer  to  increase  or  decrease  quantities  shown  in  propo 
Actual  quantities  to  be  paid  for  at  unit  prices. 

Examination  of  Plans,  Specifications,  Special  Provisions,  and  Site  of  Wc 

Preparation  of  Proposal. — Requirement  that  proposal  must  be  filled 
completely.     Specific  requirements  as  to  signatures. 

Rejection  of  Proposals  Containing  Alterations,  Erasures,  or  Irregularit 

Proposal  Guaranty. — Form  and  amount  required — if  certified  check, 
whom  payable. 

Delivery  of  Proposals. 

Withdrawal  of  Proposals. 

Public  Opening  of  Proposals. 

Disqualification  of  Bidders. — Because  of  submission  of  more  than 
proposal,  collusion,  unbalanced  proposals,  lack  of  competency. 

Competency  of  Bidders. — Criteria  as  desired  by  state. 

Material  Guaranty. — Showing  by  bidder  of  material  sources  and  ma 
facture,  and  samples  for  approval  may  be  required  previous  to  aware 
contract. 

Any  Additional  Clauses  Desired. 

Award  and  Execution  of  Contract 

Consideration  of  Bids.— Comparison  of  bids  based  on  correct  summat 
of  items  at  prices  bid.  Right  to  reject  any  and  all  proposals  and  to  ws 
technicalities. 

Award  of  Contract. — By  whom,  place,  to  whom,  and  when  made. 

Return  of  Proposal  Guaranties. — How  and  when  returned. 

Requirement  of  Contract  Bond. — Reference  to  form  furnished  by  si 
and  to  the  amount,  or  to  percentage  of  amount  of  contract  required. 

Execution  of  Contract. — Time  and  place.     • 

Approval  of  Contract. — Reference  to  such  formal  approval  as  state  or  lc 
laws  require. 

Failure  to  Execute  Contract. — After  certain  period,  cause  for  annulme 
guaranty  becomes  property  of  state.     Statement  as  to  procedure  with  wc 

Any  Additional  Clauses  Desired. 

Scope  of  Work 
Intent  of  Plans  and  Specifications. — Statement  that  the  intent  is  to  I 
scribe  a  complete  work  or  improvement  which  the  contractor  undertake.' 
do,  in  full  compliance  with  the  plans,  these  specifications,  the  specialj 
visions,  proposal  and  contract,  including  all  earthwork,  base  and  surf 
courses,  structures,  and  incidental  construction.  Contractor  to  furnish 
required  materials,  equipment,  tools,  labor,  and  incidentals  unless  in  cert 
cases  otherwise  provided  in  these  specifications,  the  special  provisions,  j 
posal,  or  contract. 


GENERAL  CLAUSES  1373 

•lecial  Work. — Statement  that  proposed  construction  or  requirements  not 
Bred  by  these  specifications  to  be  covered  by  special  provisions,  and 
■prmed  by  contractor. 

■creased  or  Decreased  Quantities  of  Work. — Engineer  reserves  right  to 
I  quantities  of  work  as  found  necessary  or  desirable  without  waiving  or 
■idating  any  condition  or  provision  of  contract.  Contractor  to  perform 
Has  increased  or  decreased,  and  no  allowance  to  be  made  for  anticipated 

>  :tra  Work. — Unforeseen  work  made  necessary  by  alteration  of  plans  or 
llork  or  by  other  reason,  involving  increased  or  decreased  unit  cost  to 
■factor,  or  work  necessary  to  complete  improvement  for  which  no  price  is 
Hided  in  contract,  all  to  be  performed  in  accordance  with  specifications 
His  directed. 

Maintenance  of  Detours. — Statement  indicating  party  responsible  for,  and 
■Red  with,  roadway  upkeep  along  detours  during  construction  period. 

jmoval  and  Disposal  of  Structures  and  Obstructions. — All  obstructions, 
Btures  not  designated  for  use,  obstructing  fences,  telephone  poles,  etc., 
B  disposed  of  by  the  contractor  as  directed. 

ghts  in  and  Use  of  Materials  Found  on  the  Work. — Upon  approval, 
■-actor  may  make  use  of  any  material  found  in  earthwork  operations,  for 
Bpurpose  for  which  it  is  suitable;  when  material  so  made  use  of  was 
Bded  for  use  in  embankment  or  otherwise,  contractor  to  replace  with 
sq talent  quantity  of  material  suitable  for  embankment. 

aal  Clearing  Up. 

ty  Additional  Clauses  Desired. 

Control  of  the  Work 

ithority  of  Engineer. — All  work  to  be  done  under  direct  supervision  of  the 
Hieer,  who  shall  decide  all  questions  as  to  interpretation,  materials,  work. 
Brass,  disputes,  and  mutual  rights  between  contractors,  acceptable  fulfil- 
B,  and  compensation. 

.  ans  and  Working  Drawings. — Statement  that  plans  will  show  in  detail 
Btures  up  to  and  including  20'  spans,  lines,  grades,  typical  cross-section 
Bnprovement,  and  general  cross-sections;  plans  also  will  show  general 
Bres  of  bridges  (over  20'  span).  Supplementary  bridge  plans,  shop 
Bis,  etc.,  as  necessary  to  be  furnished  by  contractor  but  not  to  be  used 
I  to  approval.  Authorized  alterations  will  be  indorsed  on  approved 
b  or  shown  on  supplementary  sheets.  Additional  details  relative  to 
icdng  drawings. 

mformity  with  Plans  and  Allowable  Deviations. — Statement  that  finished 
B  in  all  cases  must  conform  with  approved  lines,  grades,  typical  cross- 
fion,  and  general  cross-sections,  except  minor  deviations  authorized  by 
Aleer  in  writing. 

>ordination  of  Specifications,  Plans,  and  Special  Provisions.— Statement 
Ha  requirement  in  any  one  of  the  three  is  binding.  In  case  of  discrepancy, 
■fes  to  govern  over  scaled  dimensions,  plans  over  specifications,  special 
srisions  over  plans. 

operation  by  Contractor. — Two  sets  of  approved  plans,  specifications 
in  special  provisions,  and  authorized  alterations  supplied  to  contractor; 
■set  must  be  kept  available  on  work.  English-speaking  contractor's 
iej:sentative  to  be  available  to  receive  and  execute  orders.  Contractor  to 
ivi  interference  with  other  contractors. 

•nstruction  Stakes. — Furnished  and  set  up  by  engineer  to  give  line  and 
He;  contractor  to  furnish  all  additional  stakes,  templets,  and  other  mate- 
B  and  work  necessary  for  marking  and  maintaining  points  and  lines. 
Bhed  surfaces  to  conform  in  all  respects  to  lines,  grades,  and  plans. 

ithority  and  Duties  of  Inspectors. — Inspectors  employed  by  state  to 
Kct  all  work  and  material  and  report  to  engineer;  and  to  note  and  sus- 
■},  if  necessary,  unsatisfactory  work  and  reject  work  containing  unsatis- 
W>ry  materials,  all  pending  final  decision  by  engineer.  Not  authorized  to 
M  specifications,  nor  accept  any  poi~tion  of  work,  nor  act  as  foreman  for 
-Oractor,  nor  interfere  with  management  of  work,  nor  to  bind  engineer  in 
inway. 

inspection. — Contractors  to  furnish  engineer  and  inspector  with  every 
Jlty  for  complete  inspection  of  work  and  of  the  preparation  and  majiu- 
Hre  of  the  materials,  also  to  uncover  questioned  work  if  ordered;  detailed 
pr^dure  in  such  cases. 

imoval  of  Defective  and  Unauthorized  Work.— Defective  work  to  be 
re- died   or  removed  and  replaced  forthwith  as  directed,  at  contractor's 
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expense.     Unauthorized  work  to  be  removed  if  so  ordered.     Or  engi 
may  replace  and  charge  against  contractor. 

Final  Inspection. — To  be  made  within  certain  period  subsequent  to 
cleaning  up  following  completion  of  project. 

Any  Additional  Clauses  Desired. 

Control  of  Material 

Source  of  Supply  and  Quality. — Statement  that  only  approved  mate 
conforming  to  requirements  shall  be  used.  Approved  source  of  suppl 
stand  approved  only  so  long  as  the  material  conforms  to  requirements. 

Samples  and  Tests. — Prescribed  samples  to  be  submitted  by  contre 
or  producer  for  testing.  Tests  to  be  made  in  accordance  with  U.  S.  Dej 
ment  of  Agriculture  Bulletin  1216  (or  other  recognized  methods  if  desii 
Contractor  to  furnish  facilities  for  verification  of  his  scales  and  meas> 

Storage. — Preservation  and  fitness  to  be  assured. 

Defective  Materials. — Materials  not  conforming  to  requirements  : 
be  rejected  and  removed  from  work,  and  replaced  in  an  acceptable  ma 
by  contractor  at  his  expense.  Engineer  may  remove  and  charge  ag: 
contractor. 

Any  Additional  Clauses  Desired. 

Legal  Relations  and  Responsibility  to  Public 

Laws  to  Be  Observed. — Federal,  state,  and  local;  to  save  the  state  ham 
against  all  claims  from  violations. 

Permits  and  Licenses. — Contractor  to  procure. 

Patented  Devices,  Materials  and  Processes. 

Restoration  of  Surfaces  Opened  by  Permit. — Contractor  not  to  a 
openings  except  on  authorized  permit.  Repair  work  involved  to  be 
formed  by  contractor  at  expense  of  party  making  opening. 

Federal  Participation. — Contractor  placed  on  notice  that  the  work  is  t 
subject  to  inspection  by  the  federal  government,  which  is  not,  howeve 
party  to  the  contract. 

Sanitary  Provisions. — Contractor  to  comply  with  Board  of  He 
requirements. 

Public  Convenience  and  Safety. — Comprehensive  regulations  and  ins- 
tions  relative  to  handling  the  work  to  assure  uninterrupted  convenience 
safety   to  traffic  and  the  public  along  or  near  the  work.     If  desired,  d 
here  maintenance  of  half  the  roadway  for  traffic  during  construction, 
road  to  be  closed  to  public  except  by  express  permission  of  the   enginet 

Barricades  and  Warning  Signs. — Contractor  to  provide;  to  be  illumin 
at  night. 

Use  of  Explosives. 

Protection  and  Restoration  of  Property. — Contractor  not  to  trespass  u 
damage,  or  neglect  the  rights  of  public  or  private  property;  to  take 
cautions  to  protect  same,  also  underground  structures,  monuments, 
trees;  to  restore  at  own  expense  where,  directly  or  indirectly,  is  respon 
for  injury  occurring;  or  upon  notice  engineer  may  cause  such  restoration  J 
charge  against  moneys  due  or  to  become  due  contractor. 

Responsibility  for  Damage  Claims. — Contractor  to  assume  when  broi 
in  suits  for  any  damage,  injury,  or  infringement  resulting  from  his  wor 
neglect;  engineer  may  retain,  sufficient  to  cover,  moneys  due,  or  to  bee 
due,  contractor. 

Opening  of  Section  of  Highway  to  Traffic. — At  option  of  engineer; 
such  opening  not  an  acceptance,  and  maintenance  to  be  at  contrad  1 
expense  unless  otherwise  specifically  provided. 

Contractor's  Responsibility  for  Work. — Does  not  cease  until  final  ace 
ance  by  engineer  in  writing.  Responsibility  covers  all  injury  to  work  f 
elements  and  traffic  unless  otherwise  provided.  Contractor  to  repair  sa 
also  to  care  for  materials  and  unfinished  work  during  suspension. 

Personal  Liability  of  Public  Officials. 

No  Waiver  of  Legal  Rights. 

Any  Additional  Clauses  Desired. 

Prosecution  and  Progress 

Subletting  or  Assignment  of  Contract. 

Prosecution  of  Work. — Notice  of  beginning.  Place  of  starting  determi 
by  engineer.  Prosecuted  at  points  as  ordered.  When  resuming  w 
subsequent  to  suspension,  contractor  to  give  due  notice  to  engineer  to  afl 
opportunity  to  reestablish  inspection. 
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imitations  of  Operation. — Contractor  not  to  open  up  work  to  the  prej- 
K    of    work  already  started   or  to   inconvenience   traffic   more   than   is 
■Bsary  as  determined  by  the  engineer. 
jjaracter  of  Workmen  and  Equipment. 

'mporary  Suspension  of  Work. — Wholly  or  in  part,  at  order  of  engineer, 
Wise  of  unfavorable  weather,  or  other  essential  conditions;  or  because  of 
■re  on  the  part  of  the  contractor  to  prosecute  the  work  properly  in 
fidance  with  the  contract,  to  carry  out  orders,  to  remove  defective 
;Srial  or  work;  but  the  contractor  shall  not  suspend  the  work  without 
ferity. 
^termination  and  Extension  of  Contract  Time  for  Completion. 

jjilure  to  Complete  Work  on  Time. 

.nulment  of  Contract. — Detailed  causes,  procedure,  and  retent. 
termination  of  Contractor's  Responsibility. — Contract  to  be  considered 
ftlete  when  all  work  has  been  completed  and  accepted  by  engineer  and 
■j estimate  paid;  contractor  to  be  then  released  from  further  obligation 
-apt  as  set  forth  in  his  bond. 
ily  Additional  Clauses  Desired. 

Measurement  and  Payment 

!sasurement  of  Quantities. — All  work  acceptably  completed  under  the 
■fact  to  be  measured  by  U.  S.  Standard  Measures  and  quantities  of  work 
■Irmed  to  be  computed  based  on  such  measurements.  Linear  base 
me,  surface  course,  or  pavement  measurements  to  be  along  actual  sur- 
al not  horizontally.  Structures  to  be  measured  according  to  neat  line 
win  on  plan  or  ordered. 

!Dpe  of  Pavement. — Compensation  provided,  at  bid  prices,  to  be  accepted 
■111  payment  for  materials,  labor,  tools,  and  equipment  necessary  to 
■jrm  and  complete  the  work,  also  loss,  damage,  unforeseen  difficulties, 
fisks  and  patent  infringements.  Before  payment  contractor  to  satisfy 
Hf.eer  as  to  liquidation  of  bills. 

■xreased  or  Decreased  Quantities. — Increased  or  decreased  quantities  of 
■z  for  which  there  are  contract  unit  prices  to  be  paid  at  such  prices  for 
Afcuantities  actually  done  with  no  allowance  for  anticipated  profits. 
nj  restrictive  provisions  as  desired. 

jltra  and  Force  Account  Work. — Extra  work  to  be  paid  either  under  a 
■Jlemental  Agreement  or  by  Force  Account  as  agreed  before  starting 
■dwork.  Supplemental  agreement  to  be  signed  by  both  parties.  Force 
Utnt  to  be  done  only  upon  written  order.  Detailed  procedure  relative 
■  rce  account  payment^ 

liritted  Items. — Provision  that  engineer  may  order  items  omitted  from 
amact,  found  unnecessary  to  the  improvement  without  vitiating  contract 
■jsuch  restrictive  provisions  as  desired. 
IJrtial  Payments. 

iceptance  and  Final  Payment. 
itiy  Additional  Clauses  Desired. 

CONSTRUCTION   DETAILS 
Earthwork 

.scription. — Earthwork  to  consist  of  all  clearing  and  grubbing,  roadway 
indrainage  excavation,  excavation  for  structures,  embankment,  borrow, 
■'paul,  subgrade,  shoulder,  and  subbase  construction,  all  to  be  done  by 
.enactor  and  paid  for  in  accordance  with  these  specifications. 

Clearing  and  Grubbing 
Ascription. — Specific  requirements. 
^asurement  and  Payment. 

Roadway  and  Drainage  Excavation 

1  scription. — This  work  shall  consist  of  .  .  ,  giving  specific  list  of  all 
•VI  and  features  of  work  desired  to  be  included — "all  in  conformity  with 
'he,nes,  grades  and  cross-sections  shown  on  plans." 

'issification. 

jtistruction  Methods. 

fithod  of  Measurement. — In  original  position  by  average  end  area 
■•god;  measurement  of  overbreak  as  desired. 

his  of  Payment. 
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Excavation  for  Structures 
Description. — Statement   of    work   included.      (Not   to   overlap  roa< 
and  drainage  excavation.) 

Construction  Methods. — Depth,  back  fill,  layers,  compaction,  etc. 
Method  of  Measurement. — Allowance  outside  of  neat  structure  lines. 
Basis  of  Payment. 

Embankment 

Construction  Methods. — Of  suitable  material;  depth  of  layers,  compac 
hillside  embankment;  responsibility. 

Compensation. — Not  to  be  paid  for  directly  but  to  be  considered  pa 
work  included  in  prices  bid  for  excavation  and  borrow. 

Disposal  of  Surplus  Material 

Statement  of  requirements.  Not  to  be  compensated  for  directly  b 
be  considered  part  of  work  included  in  prices  bid  for  excavation  and  bo 

Borrow 

Description. — To  consist  of  excavation,  and  disposal  as  directei 
satisfactory  material  obtained  from  borrow  pits  when  material  not  avai 
from  excavation  to  complete  embankments. 

Construction  Methods. — No  work  prior  to  staking  out;  pits  to  be  trin 
to  permit  measurement;  to  drain  where  practicable. 

Method  of  Measurement  and  Basis  of  Payment. — In  original  positic 
average  end  areas  or  equivalent  method. 

Overhaul 

Method  of  determination  and  basis  of  payment. 

Subgrade 

Description. — After  earthwork  substantially  completed  and  all  d 
laid,  subgrade  to  be  brought  to  lines,  grades,  and  typical  cross-section  s 
on  plans. 

Construction  Methods. — Soft  and  unstable  material,  also  rock  1 
removed;  to  be  refilled  with  suitable  material  from  excavation  and  bo 
Rolling  clauses  as  desired;  superficial  scarifying  of  old  stone  or  g 
roadways  where  reconstructed  base  course  not  ordered;  highway  and  ra 
intersections. 

Protection  of  Subgrade. — For  surface  courses;  for  pavements;  no  st 
or  stock  piling  of  material;  no  surfacing  material  to  be  placed  or  pave 
laid  on  frozen  or  muddy  subgrade;  nor  on  any  subgrade  prior  to  checkin 
approval. 

Compensation. — As  desired. 

Shoulders 

Description. — After  earthwork  substantially  completed  and  all  c 
laid,  shoulders  to  be  constructed  of  approved  material,  to  elevation,  v 
and  shape  shown  on  plans,  and  dressed  as  directed  after  surface  cour 
pavement  is  completed. 

Materials  and  Construction  Methods. 

Method  of  Measurement  and  Compensation. — As  desired. 

SUBBASE 

Description. — Item  to  consist  of  special  approved  material,  placed 
compacted    in   excavations   made   by   removal   of   soft,   unstable,   or 
unsuitable  subgrade  materials;  to  be  constructed  where  specifically  ord 

Materials. — Field  or  quarry  stone,  etc.;  filler,  slag,  gravel,  etc. 

Construction  Methods. — As  desired  (usually  by  cubic  yard). 

Finishing  Earth-graded  Roads 
Description. — "Where  road  to  be  finished  as  an  earth-graded  road  wil 
surfacing  other  than  earth,  after  all  other  earthwork  and  all  structures 
pleted,  roadway  to  be  finished  for  travel,  to  lines,  grades,  and  typical  t 
section  shown  on  plans. 
Construction  Methods. 
Method  of  Measurement  and  Basis  of  Payment. 

Fine  Grading  Subgrade  and  Shoulders 
Description. — This  work  to  consist  of  preparing  a  previously  graded 
for  immediate  placement  of  surface  courses  or  pavements. 
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Cjstruction  Methods. 

Mhod  of  Measurement  and  Basis  of  Payment. — As  desired;  or  may  be 

Lilted  as  included  under  some  other  suitable  item. 

Base  Courses 

Reat  the  following  outline  for  each  kind  of  course  desired. 

Subgrade  Treatment 
Dcription. — Item   to   consist   of   granular   or   other   stabilizing   courses 
Hicted  on  the  subgrade   in  accordance   with  these   specifications   and 
Hning  in  all  respects  with  the  lines,  grades,  and  typical  cross-section 
B  on  plans. 
AJ  erials. 

C<struction  Methods. 
Mhod  of  Measurement  and  Basis  of  Payment. 

Base  Course 

(Insert  name) 
Dcription. — Item  to  consist  of  a  foundation  course  of  etc.    .    .    .    con- 
Ed  on  the  subgrade  or  other  completed  base  course  in  accordance  with 
es;.pecifications,  conforming  in  all  respects,  etc.  (similar  to  above). 
M  erials. — Stone,  sand,  screenings,  binder,  etc. 
C.struction  Methods. — Placing,  rolling,  etc.      ' 
W  hod  of  Measurement  and  Basis  of  Payment. 

Surface  Courses  or  Pavements 

Surface  Treatment 

Dcription. — Indicate  number  of  treatments  and  gallons  to  each  treat- 
enif  paid  by  square  yard;  or  prescribe  "item  to  consist  of  consecutive 
Bents  or  amount  and  type  of  material  noted  on  typical  cross-section 
ins." 
hi.  erials. 

Obstruction  Methods. 
Mhod  of  Measurement  and  Basis  of  Payment. — Preferably  by  square 

Surface  Course  (or  Pavement) 

(Insert  name) 
Reat  the   following  outline  for  each  kind   of  surfacing  or  pavement, 
rrcge  in  order  from  lower  types  to  higher.      Each  item  should  prescribe  a 
d»t  and  straight-edge  test  of  finished  surface. 
Hcription. 
M  erials. 

Obstruction  Methods. 

M  hod  of  Measurement  and  Basis  of  Payment.— Details  of  measurement; 
e  cepted  quantities  of  this  item  thus  measured  shall  be  paid  for  at  the 
ntct  unit  prices  bid  per  square  yard  for  (insert  exact  name) ,  which  price, 
.eel  as  otherwise  expressly  provided,  shall  be  full  compensation  for 
rn:iing,  hauling,  and  placing  all  materials,  and  for  all  labor,  equipment, 
(diand  incidentals  necessary  to  complete  the  item. 

Concrete  Bridges  * 

Dcription. — Concrete    bridges    to    be    built    as    indicated    on    plans, 

nf  ming  to  line,  grade,  and  dimensions  shown,  and  in  accordance  with  the 

eccations  for  piling,  concrete,  reinforcing  steel,  and  other  items  which 

■jute  the  complete  structure. 

Aerials. — Statement  that  materials  shall  be  those  prescribed  for  the 

vejl  items  which  constitute  the  structure,  with  supplementary  require- 

etf  pertaining  to  bridges  only,  as  desired. 

extraction  Methods. — Prescribe  foundation  preparation  and  construc- 

?n  alsework,   sequence  and  method  of  casting,  and  details  peculiar  to 

idj   construction.      Manipulation    and    mixing    of    materials,    concrete 

lis.  protection,    etc.,    should  be   prescribed  under  concrete,  except  such 

■ements  peculiar  to  bridges  as  are  desired  here. 

Dign. — May  be  detailed  as  desired  here,  or  reference  made  to  indepen- 

nliridge  Design  section. 

Whod  of  Measurement  and  Basis  of  Payment. — Statement  that  the 

id  will  be  paid  for  by  the  actual  quantities  of  the  various  items  incorpo- 

te  -piling,  concrete  of  the  various  classes,  reinforcing  steel,  and  wearing 

Joturface  complete  in  place  at  the  unit  prices  bid  for  the  several  items 
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enumerated,  which  prices,  except  as  otherwise  expressly  provided,  shs  I 
full  compensation  for  all  work,  materials,  labor,  and  incidental  work  i  I 
sary  to  complete  the  bridge  ready  for  use. 

Steel  Bridges 

Description. 

Materials. 

Construction  Methods. 

Design. — May  be  detailed  as  desired  here,  or  reference  made  to  inde  ■ 
ent  Bridge  Design  section. 

Method  of  Measurement  and  Basis  of  Payment. — Statement  thai 
bridge  will  be  paid  for  by  the  actual  quantities  of  the  various  items  j 
porated — piling,  concrete,  reinforcing  steel,  structural  steel,  and  w<  ■ 
floors  as  desired,  all  complete  in  place  at  the  unit  price  bid  for  the  st  I 
items  enumerated,  which  prices,  except  as  otherwise  expressly  pro  i 
shall  be  full  compensation  for  all  work,  materials,  labor,  and  incidental  % 
necessary  to  complete  the  bridge  ready  for  use. 

Timber  Bridges 
Description. 
Materials. 

Construction  Methods. 

Design.— May  be  detailed  as  desired  here  or  reference  made  to  indepe 
Bridge  Design  section. 

Method  of  Measurement  and  Basis  of  Payment. 

Culverts  and  Retaining  Walls 

Description. — All  concrete  and  masonry  culverts,  all  pipe  culvert 
walls,  retaining  walls  to  be  built  as  indicated  on  plans  conforming  t 
grade,  and  dimensions  shown  and  in  accordance  with  the  specificatic 
concrete,  reinforcing  steel,  masonry,  culvert  pipe  of  the  several  vai 
and  other  items  which  constitute  the  complete  structure. 

Materials. — Statement  that  materials  shall  be  those  prescribed  f 
several  items  which  constitute  the  structure. 

Construction  Methods. — Foundation  conditions  and  involved  prepa  J 
and  construction.  Pipe  culverts  to  be  constructed  of  the  kind  c  I 
indicated,  suitably  connected  and  laid.  General  requirements  for  :  I 
joints,  also  for  back  filling. 

Method  of  Measurement. — Quantities  of  various  items  for  paymen  y 
actual  amounts  completed  and  accepted.  Concrete  and  masonry  i 
computed  from  neat  dimensions  shown  on  plans  or  ordered  in  writin  I 
to  be  measured  in  place. 

Basis  of  Payment. — Culverts,  including  pipe  culverts  and  retaining^ 
to  be  paid  for  at  contract  unit  prices  bid  for  the  several  items  which  -I 
tute  the  completed  structure,  which  prices,  except  as  otherwise  ex]  il 
provided,  shall  be  full  compensation  for  all  material,  labor,  equipment   | 
and  incidentals  necessary  to  complete  the  structure  ready  for  use. 

Concrete 

Description. — Classification  and  classified  uses,  proportions. 
Materials. — Specify  composition  and  materials  for  each  class.     St 
and  quality  requirements. 
Construction  Methods. 
Method  of  Measurement  and  Basis  of  Payment. 

Reinforcing  Steel 
Description. 
Materials. 

Construction  Methods. — Bending  and  placing. 
Method  of  Measurement  and  Basis  of  Payment. 

Structural  Steel 
Description. 
Materials. 

Construction  Methods. 
Method  of  Measurement  and  Basis  of  Payment. 

—Masonry 


(Insert  name) 
Repeat  for  each  type. 
Description. 
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#  Materials. 

Ipnstruction  Methods, 
[ethod  of  Measurement  and  Basis  of  Payment. 

Concrete  Pipe 

epeat  for  each  kind  of  pipe. 

;escription. — Under  this  item  concrete  pipe  conforming  to  these  specifi- 
■pns,  of  the  sizes  and  dimensions  shown  on  the  plans,  shall   be  furnished 
ar  placed  as  directed. 
Baterials. 
1  Manufacture. 

I  [ethod  of  Measurement  and  Basis  of  Payment. 

.:  [ Cast-iron  Pipe,  Corrugated  Galvanized  Metal  Pipe,  Vitrified  Pipe 

Incidental  Construction 

Mescription,  material,  construction  methods,  method  of  measurement,  and 
U  of  payment  to  be  included  under  each  of  the  following  items. 

pig,  Rip-rap,  Cribbing,  Underdrains,  Gutters,  Curbing,  Guard  Rails,  Addi- 
tional Items  As  Desired 

Bridge  Design 

II  desired,  design  and  design  details  of  bridges  may  be  grouped  below, 
II  mentioned  in  Construction  Details  division  by  reference  only.  Such 
K-reference  must  be  expressly  made. 

■pneral     Design. — Loads,     stresses,     substructures     and    retaining-wall 
■piptions,  etc. 
■pncrete  Design. 
Structural  Steel  Design. 
Imber  Structure  Design. 

Material  Details 

k>te. — If  it  be  desired  to  group  all  materials  in  an  independent  division, 
Merties,  tests,  and  requirements  for  all  materials  should  be  detailed  here, 
■bcli  case  the  materials  must  be  classified  and  defined  as  shown  below  and 
Kopriate  cross-reference  expressly  made  to  them  under  the  subcaption 
■trials  appearing  in  each  item  of  Construction  Details. 
J  pmenting  Materials. — Portland  cement,  lime,  etc. 

later. 
■jae  Aggregate. — Filler  dust,  sand,  grit,  etc.,  for  all  purposes,  including 
■Ion-bituminous  fillers. 

barse  Aggregate. — Stone,  gravel,  slag,  etc.,  for  all  purposes. 
I  plford  and  Quarry  Stone,  etc. 
■  asonry  Stone,  etc. 
living  Brick  and  Blocks. 

utminous  Materials. 
_  ilvert  Pipes,  Drain  Tiles,  etc. — Concrete,  cast  iron,  corrugated  metal, 
vilied  clay,  etc. 

etal  Reinforcement. — Bars,  mesh,  expanded  metal,  etc. 

tuctural  Steel. — Structural  shapes,  fabricated  steel,  etc. 

iscellaneous  Iron  and  Steel. — Castings,  special  wrought  work,  etc. 

eated  Timbers. 

itreated  Timbers. 

ints,  Oils,  etc. 

onuments. 

iscellaneous  Materials. — Fencing  wire,  cables,  pipe  rail,  etc. 

Forms 

.    )TE.— Documents  which  pertain  to  the  individual  project  and  which 
c   their  nature  require   filling  out,   completion   or  execution  should   be 
ariged  in  the  following  order.     If  desired  they  may  be  bound  in  a  separate 
paphlet. 

Notice  to  Contractors 

me  and  place  of  receiving  and  opening  proposals, 
ief  description  of  proposed  work. 

ice  where  plans  and  specifications  may  be  examined  or  secured,  and 
frc  whom  information  may  be  obtained. 

ghts  reserved  to  reject  any  or  all  proposals. 
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Any  additional  information  desired,  such  as  competency  of  bidders. 
<  Note. — The  above  information  should  be  shown  in  the  advertisement 
bids,  and  on  the  notice  to  contractors,  which  may  be  sent  out  to  prospec 
bidders. 

Special  Provisions 

Supplementing  the  specifications  for  the  construction  of  . 

(give  the  identification  of  proposed  w 
such  as  road  name,  number,  job  number,  etc.). 

Note. — Under  this  section  should  be  placed  all  supplemental  specificat 
and  exceptions,  as  pertain  only  to  the  particular  project  and  contract 
posed  and  are  not  covered  satisfactorily  in  the  general  specification  divis 
and  are  not  standard  or  common  to  all  work  for  which  the  general  si 
fications  may  have  been  prepared  such  as: 

Materials,  etc.,  furnished  by  the  state.  All  materials,  equipment,  or  o 
facilities  for  prosecuting  the  work,  furnished  by  the  state  to  the  contrac 
should  be  here  listed,  with  conditions  governing  delivery,  use,  and  retur 

Statement  relative  to  disposal  of  specific  materials  or  structures  foun< 
the  work  and  not  to  be  used  in  the  construction  thereof. 

Special  stipulations  and  requirements  intended  to  apply  to  the  one  pre 
only  and  to  supersede  corresponding  stipulations  and  requirements  as 
scribed  in  the  general  specifications. 

Specifications  for  special  structures,  such  as  lift  bridges,  etc. 

Materials  Investigated  on  State  Highway  Ko.  8264 

The  following  data  concerning  materials  has  been  compiled  by  the  '. 
York  State  Bureau  of  Highways.  The  information  is  as  reliable  as 
possible  to  obtain  without  actual  development  of  pits  or  ledges  but  nei 
the  quantity  nor  the  continuance  of  quality  is  guaranteed.  In  all  c 
prospective  bidders  are  required  to  satisfy  themselves  as  to  the  avail 
supply  of  materials  and  their  relative  location. 

Materials  similar  to  those  designated  and  of  acceptable  quality  from 
source  will  be  accepted.     Acceptable  materials  must  be  furnished  from  c 
sources  whenever  the  sources  here  indicated  fail  in  quality  or  quantity, 
bidders'  attention  is  called  to  the  General  Specifications  concerning  Mate 
of  Construction. 

Table  of  Materials,  August  30,  1926 

Location 

0.1  mile  from  Station  143  +  70 


Kind 

Sand 

Sand 

Stone 


Source 

Local  commercial 

Approved  commercial 

Approved  commercial 

For  Items  Numbered 

All  items 

All  items 

All  items 


Test  No. 
G-6315 


Attention  of  Bidders 

All  concrete  pavement  will  be  tested  for  thickness  and  quality  of  paven 
Sections  of  pavement  which  are  found  to  be  more  than  one-quarter 
short  of  the  specified  thickness  shall  be  removed  and  replaced  at  the  Con1 
tor's  expense. 

All    Portland    Cement   furnished   on   this   contract   must   be   bm-tes 


. 
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Proposal 

wees  for  name  and  address  of  bidder. 

E  ailed  description  of  location  of  roadway  or  structure,  length  and  width 
■pacing  or  pavement,  or  length  and  type>  of  structure,  referring  to  the 
B  drawings,  specifications,  special  provisions,  etc.,  by  their  titles  and 
Hngs  for  identification,  if  the  proposal  bond  form  is  used,  it  should  be 
Jqied  to  or  furnished  with  the  proposal  form. 
Kress  (as  "To  the  State  Highway  Department"). 

Blaration  of  the  bidder  that  the  only  persons  or  parties  interested  in  the 
Kal  as  principals  are  those  named  therein;  that  the  proposal  is  made 
Hit  collusion  with  any  other  person,  firm,  or  corporation;  that  he  has 
Hlly  examined  the  specifications,  including  special  provisions,  if  any, 
Kat  he  has  made  a  personal  examination  of  the  site  of  the  work;  that 
■to  furnish  all  the  necessary  machinery,  tools,  apparatus,  and  other 
B  of  construction,  and  do  all  the  work  and  furnish  all  the  materials 
led  in  the  manner  and  time  prescribed;  that  he  understands  that  the 
■ties  are  approximate  only  and  subject  to  increase  or  decrease,  and  the 
Hation  of  his  willingness  to  perform  increased  or  decreased  quantities  of 
■fat  unit  prices  bid  in  accordance  with  the  specifications  at  the  unit  prices 
I  the  following  proposal  schedule. 

■prized  proposal  showing  the  approximate  quantities  with  spaces  for  unit 
B  bid,  as: 

Proposal  Schedule 

Time  for  completing  project working  days 


Approxi- 
mate 
quantities 


Items  with  unit  bid  price 
written  in  words 


Unit  bid 
price 


Amount 
bid 


Total. 


Cubic 


yards     excavation 
. .  per  cubic  yard. .  . 


for 


Hte. — Spaces  should  be  left  for  filling  in  the  unit  prices  both  in  words 
ldgurei,  as  indicated.  The  items  of  work  should  be  numbered  in  the 
■deand  with  the  same  titles  and  units  of  measure  shown  in  the  specifi- 
Hs.  The  units  of  measure  used  should  be  as  follows: 
3l  cubic  yard  for  all  volumes  except  the  gallon  for  bituminous  materials 
henot  weighed  and  the  barrel  for  cement. 

T  square  yard  for  all  surface  measurements  except  the  square  foot  for 
ireiesh  or  expanded  metal.  Acre  may  be  used  for  clearing  and  grubbing. 
T  foot  or  mile  for  linear  measurements. 

T  ton  of  2000  pounds  for  weights  except  the  pound  for  steel  and  casting. 
Anit  price  each  for  any  item  desired. 
Pposal  to  perform  "extra  work,"  or  "force  account." 
Pposal  to  execute  contract  agreement  and  to  begin  work  as  prescribed 
al|>  complete  work  as  bid  in  schedule  (or  as  stated  in  proposal). 
Pposal  stating  the  amount  of  contract  bond. 

Pposal  for  guaranty  of  work  until  final  completion  and  acceptance. 
S'.ement  of  enclosure  of  proposal  guaranty,  naming  form,  amount,  and 
■iions  of  forfeiture. 
Seed  for  signatures,  titles,  and  individual  addresses. 

Proposal  Bond 

Ii  ase  a  proposal  bond  is  used  in  lieu  of  a  certified  check,  the  form  therefor 
18^.  be  attached  to  or  furnished  with  the  proposal  form. 

Contract 

T;  form  of  contract  should  be  as  short  as  consistent  with  legal  require- 

U  notice  to  contractors,  specifications,  special  provisions,  proposal,  and 
■Ishould  be  referred  to  and  made  a  part  of  this  agreement,  and  such 
afehce  should  identify  the  specifications,  plans,  drawing,  etc.,  by  their 
3ecc  markings.      When  standard  specifications  approved  by  the  Bureau 
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of  Public  Roads  are  to  govern,  identification  must  be  made  by  date  of  f( 
approval. 

The  federal  government  is  not  to  appear  as  party  to  this  agreement. 

Contract  Bond 

Estimates 

Estimates  shall  be  made  up  in  accordance  with  the  order  and  un 
measure  indicated  in  the  proposal  form. 

Index 

Itemized  index  to  be  placed  at  the  end  of  the  specifications  instead 
this  point  if  the  foregoing  documents  are  issued  as  separate  pamphlet 

General  Clauses 

For  the  best  examples  of  general  clauses  the  reader  is  referred  to  Stai 
Specifications  of  the  American  Association  of  Highway  Officials. 

Examples  are  not  included  in  this  book  as  they  are  rarely  needed  bj 
or  office  men  and  can  be  readily  obtained  from  local  state  or  goverr 
bureaus  free  of  charge. 

MATERIALS  1 

NEW  JERSEY  SPECIFICATIONS 

91.  Requirements  Governing  Materials 

91A.  General  Conditions  Governing  Their  Use. — No  materials  sh 
used  which  do  not  conform  with  the  requirements  therefor  as  herein  de 
All  materials  used  in  the  construction  of  any  of  the  items  of  work  given 
estimate  of  quantities  or  in  any  additional  or  extra  work  that  may  b 
formed  by  the  contractor,  as  herein  provided,  shall  be  furnished  by  th- 
tractor.  The  materials  required  for  the  different  items  of  constructk 
given  under  said  items.  The  requirements  governing  the  use  of  pat 
materials,  products  or  processes  are  given  in  Article  14.  Samples  of  &• 
able  materials  are  on  file  at  the  laboratory  of  the  department,  Taylo 
Quarry  Place,  Trenton,  N.  J.,  and  will  be  shown  to  prospective  b 
upon  request.  No  materials  shall  be  used  until  tested  and  released  t 
testing  engineer. 

Railroad  cars  or  barges,  used  for  transporting  such  road  materials  as 
gravel,  slag,  sand,  bituminous  filler,  Portland  cement,  bituminous  ce  I 
oils,  tars,  etc.,  must  be  clean  when  any  of  these  road  materials  are  dep  1 
therein.  Materials  shipped  in  cars,  the  sides  or  bottoms  of  which  are  c  I 
with  coal  dust,  manure,  ashes,  clay,  loam,  earth,  hay,  straw,  etc.,  v  1 
rejected  regardless  of  the  quality  of  said  materials.  Railroad  cars  cont;  I 
broken  sides  or  bottoms  must  be  repaired  before  any  materials  are  dep  ■ 
therein. 

Trucks,  wagons  or  other  vehicles  used  in  hauling  or  transporting^ 
materials  must  be  kept  clean,  in  proper  working  condition,  have  si  1 
substantial  bodies  which  will  prevent  materials  from  escaping  ther  J 
during  transit,  and  be  approved  by  the  Engineer  before  being  used.  J 

Materials  which  have  been  approved  before  shipment  and  are  injui 
transit,  during  unloading  or  handling  at  the  site  of  the  work,  shall  E 
used  until  reapproved.  During  handling  of  all  stone,  sand  or  other  mat 
which  are  to  be  used  in  concrete  extra  care  must  be  taken  that  no  ea: 
subgrade  gets  mixed  therewith. 

All  bituminous  cements  shall  be  shipped  ready  for  use  without  fi 
fluxing  at  the  mixing  plant  or  roadside.  Each  carload  of  bitumino 
Portland  cement  must  be  sampled  and  released  before  being  used._ 
samples  may  be  taken  before  shipment  under  special  arrangement  in 
case  with  the  department,  or,  in  default  thereof,  must  be  taken  t 
engineer  or  inspector  on  arrival  at  the  terminal  nearest  the  work,  or  a 
other  convenient  point.  Carloads  of  stone,  sand,  gravel  and  bitum 
paving  mixtures  shall  be  carefully  examined  by  the  inspector,  but  sha 
be  unloaded  until  released  by  him.  Materials  appearing  defective  sh. 
sampled  and  held  until  the  sample  taken  has  been  tested  by  the  t< 
engineer.  Any  material  condemned  by  the  engineer  shall  be  remov 
once  from  the  roadway. 

Cement  and  other  materials  liable  to  damage  from  the  elemen 
exposure  must  be  stored  in  proper  structures  which  will  prevent  them 
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ming  damaged.     The  method  of  storing  and  handling  explosives  and 

y  inflammable   materials   will   be   governed   by   the   local   regulations 

for. 

ie  quantities  of  materials  required  shall  be  determined  by  weight  unless 

•wise  specified.      The  railroad  shipping  weights  shall  govern  in  deciding 

ctual  amount  furnished  or  used.      The  contractor,  when  requested,  shall 

sh  the  department  with  the  freight  bills  of  all  materials  received. 

B.  Conditions  Governing  Approval  of  Materials. — No  materials  will  be 
oved  for  use  which  do  not  comply  with  the  requirements  given  therefor, 
approval  of  a  given  material  is  in  effect  only  as  long  as  the  material 
lied  is  of  the  same  character  and  composition  as  the  sample  approved, 
approval  of  a  material  for  a  particular  purpose  or  for  use  in  a  specified 

er  does  not  approve  its  use  for  any  other  purpose  or  manner. 

C.  Methods  Used  in  Testing  Materials. — The  methods  to  be  used  in 
lg  the  materials  given  herein  are  those  on  file  at  the  office  of  the  depart- 

at  Trenton,  and  will  be  furnished  to  producers  or  manufacturers  upon 
cation. 

92.  Broken  Stone 

1  broken  stone,  regardless  of  type,  must  not  contain  more  than  five  (5) 
ent  of  weathered  or  partly  decomposed  rock.  When  used  in  concrete 
be  coated  with  a  bituminous  material  it  must  be  free  from  pieces  coated 
rtly  coated  with  mud,  clay,  loam  or  other  foreign  material,  and  must  not 
tin  any  other  type  of  stone  having  a  higher  per  cent  of  wear  than  that 
fied  for  the  stone  itself.  All  such  stone  must  be  shipped  in  clean  cars. 
;  shipped  in  dirty  cars  will  be  rejected.  Any  one  given  type  of  broken 
,  as  shipped,  must  not  contain  over  ten  (10)  per  cent  of  any  other  type 
one.  Approved  stone  of  different  types  cannot  be  mixed  during  use, 
ised  intermittently  for  any  one  given  item  of  construction.  All  orders 
rushed  or  broken  stone  must  state  purpose  for  which  it  is  to  be  used. 

stone  must  not  contain  more  than  five  (5)  per  cent  of  slabs,  flat  or 
;ated  pieces,  the  width  of  which  is  less  than  five  (5)  per  cent  of  the  length, 
various  stone  fragments  composing  any  particular  size  shall  be  uniformly 
buted  throughout  the  mass  of  stone,  as  shipped.     When  two   (2)   or 

sizes  of  stone  are  mixed  to  secure  any  particular  specified  size,  the 
g  must  be  done  before  the  stone  is  loaded  into  the  shipping  vehicle, 
olio  wing  methods  are  suggested: 
nultaneously  feeding  on  belt  conveyor  proper  proportions  of  the  different 

Heding  proper  proportions  of  the  different  sizes  through  converging  chutes 

■the  bin  or  stock  pile  from  which  the  material  is  to  be  shipped. 

■versing  screen  plates  or  otner  arrangement  of  screens,  which  will  insure 

Hperly  graded  material  of  the  sizes  desired. 

Hpments  containing  piles  or  layers  of  broken  stone  that  are  not  uniform 

H>e  rejected. 

Hme  intended  for  use  in  any  Portland  cement  concrete  or  to  be  coated 

la  bitumen,  in  addition  to  meeting  the.  above  requirements,  must  not 

■tin  more  than  ten  (10)  per  cent  of  stone  coated  or  partly  coated  with 

■r.  dust.     Stone  which  has  become  coated  with  mud,  loam,  clay  or  other 

■fen  material,  either  during  transit  or  after  receipt  on  site  of  work,  must 

He  used  and  shall  be  removed  from  the  highway  or  storage  site. 

HA.  Sizes. — Permissible    variations  as  to  size  of  stone  are  shown  in  the 

H  below  for  each  size  and  grade  of  stone.     This  table  shows  the  minimum 

■maximum  allowable  percentages  passing  the  different  screens  and  sieves. 

Hscreens  and  sieves  designated  in  the  table  are  those  used  in  the  labora- 

oiof  the  department. 

■penever  the  words  Trap,  Granite,  Dolomite,  Limestone  Gneiss,  Sand- 

H  or  Quartzite  are  used  in  these  specifications,   the  rocks  designated 

Hby  shall  comply  with  the  following  additional  requirements  respectively. 

map  Rock. — A  basic,  igneous  rock  consisting  principally  of  augite  and 

Hoclase.     It  must  be  of  medium  or  fine  grain  texture,  show  an  even  dis- 

Htion  of  the  constituent  minerals,  be  of  uniform  quality  and  structure 

Hghout,  and  have  a  per  cent  wear  not  greater  than  three  (3). 

Uinite. — An  igneous  rock  consisting  principally  of  quartz  and  feldspar. 

Hkll  be  of  medium  or  fine  grain  texture,  show  an  even  distribution  of  the 

Hituent  minerals,  be  of  uniform  quality  and  texture  throughout,  and 

■ja  per  cent  wear  not  greater  than  four  and  one-half  (4.5). 

Ufomite. — A  rock  consisting  principally  of  the  carbonates  of  lime  and 

Hesia.     It  must  contain  not  less  than  thirty  (30)  per  cent  of  magnesium 

annate,  nor  less  than  eighty  (80)  per  cent  of  the  combined  carbonates  of 
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■land  magnesia.  It  must  be  of  uniform  quality  and  texture  throughout, 
m  a  per  cent  wear  not  greater  than  3.5  and  be  of  such  density  that  it  will 
Jpe  noticeably  affected  by  five  (5)  immersions  in  a  saturated  solution  of 
Bun  sulphate  with  proper  dehydration  after  each  immersion. 
Bnes/oMe. — A  rock  consisting  principally  of  the  carbonates  of  lime  and 
Ihesia.  It  must  contain  not  less  than  fifty-five  (55)  per  cent  of  calcium 
Knates,  nor  less  than  eighty  (80)  per  cent  of  the  combined  carbonates 
Ipe  and  magnesia,  have  a  per  cent  wear  not  greater  than  six  (6),  and  be  of 
■fa  density  that  it  will  not  be  noticeably  affected  by  five  (5)  immersions 
a;  saturated  solution  of  sodium  sulphate  with  proper  dehydration  after 
U  immersion. 

i.teiss. — A  rock  containing  pratically  the  same  minerals  as  granite,  but 
|ytig  these  minerals  arranged  in  strata.  It  must  have  a  dense  structure 
M the  lines  of  stratification  not  so  distinctly  formed  that  the  stone  breaks 
Bin  pieces  or  slabs.  It  must  have  a  per  cent  wear  not  greater  than  four 
■one-half  (4.5)- 

Wtndstone  or  Quartzite. — A  rock  belonging  to  either  of  these  two  types  shall 
■pin  not  less  than  ninety  (90)  per  cent  of  quartz,  be  of  uniform  quality  and 
Ere,  free  from  seams,  lines  of  clay,  distinct  cleavage  planes,  or  lines  of 
Hification  which  will  cause  the  stone  to  break  into  three  slabs  or  pieces, 
.t  ust  have  a  per  cent  wear  not  greater  than  four  and  one-half  (4.5). 

93-  Slag 

•  il  slag  must  be  air  cooled,  have  a  fresh,  clean  surface,  free  from  mud,  dirt, 
■or  loam.  It  must  not  be  brittle  nor  glassy  nor  have  an  apparent  specific 
ftty  greater  than  3.0  at  I5.5°C.  When  used  for  concrete  it  must  produce 
■terete  which  will  have  an  average  compressive  strength  of  not  less  than 

H  lb.  per  square  inch  when  twenty-eight  (28)  days  old,  having  the  same 
Mposition  and  consistency,  and  tested  in  the  same  manner  given  here 
Br  Broken  Stone.  It  must  weigh  not  less  than  seventy  (70)  pounds  per 
A  foot  loose  measure,  and  be  free  from  decomposed  products.  The 
■irements  governing  the  different  sizes  will  be  the  same  as  for  broken 
■e.  Slag  containing  more  than  one  and  one-half  (i}4)  per  cent  of  sulphur 
■i  not  be  used  in  reinforcement  concrete. 

94.  Gravel 

•avel  shall  be  divided  into  two  general  classes:   Washed  gravel  and  road 
r.el. 

l|A.  Washed  Grave!. — Washed  gravel  may  be  composed  partially  or 
■ily  of  crushed  pebbles,  but  must  be  free  from  soft,  thin,  elongated  pieces, 
qnnic  matter,  loam,  clay,  or  pebbles  coated  therewith.  It  shall  contain 
On  pebbles  of  a  sound,  hard,  durable  character,  and  must  be  uniform 
ia  imposition,  free  from  weathered,  decomposed  pebbles,  pieces  of  coal  or 
■ir  foreign  materials.  It  shall  not  contain  more  than  5  per  cent  of  slate, 
Bil:  or  soft  sandstone  particles,  having  a  per  cent  wear  greater  than.  .  .  . 
hen  tested  by  means  of  laboratory  screens  and  sieves  the  various  sizes 
of  lashed  gravel  shall  conform  to  the  following  requirements: 

Total  Per  Cent  Passing 


Sizes 


Laboratory  screens,  inches 


Sieves 


2K     1Y2        iH 


/4  y±       10-mesh 


i;:n. 


ha. 

C  crete  gravel1. 

P  gravel 


0-25 
75-ioo 
25-50 
100 


0-5 

0-25 

0-12 

95-ioo 


o-5 
0-2 
0-25 


0-5 


Concrete  gravel  size  may  be  prepared  by  mixing  two  (2)  parts  of  one  and 
onnalf  (1J-2)  inch  gravel  with  one  (1)  part  of  three-quarter  (%)  inch  gravel 
TOolume;  however,  when  thus  prepared,  these  two  sizes  must  be  mixed  in 
Via  manner  that  will  insure  a  uniformly  graded  product,  conforming  to  the 
J»n  requirements  given  below.  The  method  employed  in  mixing  in  each 
ca  must  be  approved  by  the  department  before  using. 
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94B.  Road  Gravel. — Road  gravel  shall  be  composed  of  sand  and  h 
durable  pebbles  of  quartz,  mixed  with  clay  in  such  proportions  that  the  gi 
will  comply  with  the  grading  and  other  requirements  specified  herein  be 
and  also  compact  under  travel  into  a  hard,  dense  pavement.  It  shall  con 
not  less  than  eight  (8)  nor  more  than  twenty  (20)  per  cent  by  weigr 
material  removed  by  the  elutriation  test,  and  the  gravel  having  the 
material  thus  removed  shall,  when  tested  by  means  of  laboratory  scr 
and  sieves,  comply  with  the  requirements  given  below: 


Total  Per  Cent  Passing 


Grades 

Screens,  inches 

Sievi 

2 

I>2 

I 

H 

H 

10 

A 
B 

100 

95-IOO 
IOO 

85-IOO 
95-IOO 

55-90 
90-100 

45-80 
75-95 

35-7 
60-8 

95.  Sands 

Sands  shall  consist  of  grains  or  particles  of  quartz  or  other  hard 
durable  rocks,  the  surfaces  of  which  are  not  coated  with  any  foreign  mat 
nor  worn  smooth.  The  grains  shall  be  moderately  sharp,  free  from_ 
decomposed  or  partly  decomposed  sand  grains,  lumps  of  clay,  or  ferrugi 
cemented  sand,  mica,  loam,  sea  salts,  organic  matter,  or  other  materia 

Sands  shall  be  divided  into  two  general  classes,  bituminous  sands 
concrete  sands. 

95A.  Bituminous  Sands. — Bituminous  sands  are  those  intended  foi 
in  the  construction  of  bituminous  pavements,  bituminous  mortars,  bit 
nous  filters,  or  mastics,  and  when  tested  by  means  of  laboratory  screens 
sieves  shall  conform  to  the  following  requirements: 


|: 


Passing 

Retained  on 

Minimum, 
% 

; 

Maximum, 
% 

! 

}-£-in.  screen 
10-mesh  sieve 
30-mesh  sieve 
50-mesh  sieve 
80-mesh  sieve 
200-mesh  sieve 

10-mesh  sieve 
30-mesh  sieve 
50-mesh  sieve 
80-mesh  sieve 
200-mesh  sieve 

0.0 
10. 0 
150 
20.0 
150 

2.0 
30.0 
42.0 
35  -0 
35-0 

5-0 

: 
- 

1 
■ 

95B.  Concrete  Sands. — Concrete  sands  are  those  intended  for  use 
Portland  cement  either  in  a  Portland  cement  concrete  or  mortar,  and  \  . 
tested  by  means  of  laboratory  screens  and  sieves  should  conform  to 
following  requirements: 

- 

1 

• 
- 

Passing 

Retained  on 

Minimum, 
% 

Maximum, 
% 

- 

M-in.  screen 
yi -in.  screen 
10- mesh  sieve 
30-mesh  sieve 
50-mesh  sieve 
200-mesh  sieve 

J^-in.  screen 
10-mesh  sieve 
30-mesh  sieve 
50-mesh  sieve 
200-mesh  sieve 

5.o 
30.0 
20.0     ' 

50 

1 .0 
250 
60.0 
40.0 
150 

5-0 

. 
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crete  sands  must  not  contain  more  than  four  (4)  per  cent  of  material 
ed  by  the  elutriation  test  and  must  produce  a  Portland  cement  mortar 
will  have  at  the  end  of  seven  (7)  and  twenty-eight  (28)  days  a  crushing 
nsile  strength  equal  to  or  greater  than  that  of  a  mortar  prepared  in 
ne  manner,  of  the  same  proportions  and  consistency,  using  the  same 
t,  and  Standard  Ottawa  sand.1  The  ratio  of  cement  to  sand  is  to  be 
ne  as  that  specified  for  the  concrete  in  which  said  sand  is  to  be  used, 
proval  of  a  sand  for  use  in  concrete  of  a  given  composition  does  not 
e  its  use  in  concrete  having  a  different  composition. 

Stone  Dust. — Stone  dust,  Grade  A,  may  be  used  as  a  concrete  sand, 
y  after  being  approved  by  the  engineer  for  this  purpose,  said  approval 
pply  only  to  the  material  that  is  actually  represented  by  the  sample, 
t  produce  a  mortar  having  not  less  than  one  hundred  and  twenty-five 
er  cent  of  the  strength  of  a  similar  mortar  prepared  from  Ottawa  sand 
ited  in  the  same  manner  as  Concrete  Sands. 

Grout  Sand. — Sands  intended  for  use  in  a  Portland  cement  grout 
in  addition  to  meeting  the  other  general  requirements  given  above, 
s  a  10-mesh  sieve  and  produce  a  Portland  cement  mortar  which  will 
t  least  seventy-five  (75)  per  cent  of  the  strength  of  a  similar  mortar 

d  with  Standard  Ottawa  sand,  and  tested  in  the  same  manner  as 
te  Sands. 

Cushion  Sand. — Sands  for  use  in  the  cushion  course  placed  under 

blocks  shall  comply  with  the  requirements  for  a  concrete  sand 
the  mortar  produced  therefrom  need  only  75  per  cent  of  the  strength 
rtilar  mortar  prepared  from  Standard  Ottawa  sand  and  tested  in  the 
tanner  as  specified  under  Concrete  Sand. 

96.  Portland  Cement 

cement  shall  comply  with  the  requirements  and  be  tested  in  thernan- 
:cified  by  the  A.  S.  T.  M.  standards,  Serial  Designation  C9-21,  with  all 
uent  changes  or  corrections. 

'ortland  cement  required  for  use  will  be  shipped  from  bins  previously 

ed  by  the  State  Highway  Department.      Copies  of  all  Portland  cement 

placed  by  the  contractor  with  cement  companies,  direct  or  through 

5  or  local  dealers,  shall  be  forwarded  to  the  department.     When  an 

s  placed  through  a  broker  or  local  dealer,  said  broker  or  local  dealer 

rnish  the  department  with  a  copy  of  this  order  to  the  cement  com- 

>r  the  cement  required.     In  all  cases,  regardless  of  whether  the  cement 

red  by  the  contractors  direct  or  through  brokers,  the  order  must  be 

with  the  cement  company  at  least  ten  (10)  days  previous  to  the  date 

initial  shipment.     The  extra  cost,  if  any,  required  for  shipment  from 

isly  approved  bins  shall  be  borne  by  the  contractor  and  will  not  be 

it  by  the  department. 

AlPortland  cement  shall  be  shipped  in  cloth  bags,  which  are  plainly 

iir;d    with    the  manufacturer's  name  and  brand  of  cement  contained 

■It.     Each  bag  shall  contain  ninety-four  (94)   pounds  of  cement  net 

ig  and  be  considered  as  containing  one  (1)  cubic  foot  of  cement. 

B:s   of   cement  which  for  any  reason  have  become  partially  set  on  the 

tsB  or  which  contain  lumps  or  partly  set  cement  shall  be  rejected. 

D  ;rent  brands,  makes,  or  grades  of  cement,  must  be  piled  by  themselves. 

jpved  cements  cannot  be  mixed  during  use,  or  used  intermittently  in  any 

■pen  item  of  construction. 

Ahement  must  be  stored  in  bins  prepared  for  this  purpose  and  shipment 
Bsnly  from  these  bins.  All  cars  shall  be  loaded  under  the  supervision 
ai  sealed  by  a  representative  of  the  State  Highway  Commission.  Cars 
■Id  at  their  point  of  destination  with  seals  broken  or  destroyed  may  be 
Hed,  but  should  not  be  used  until  resampled  and  approved. 
■lucers  are  requested  not  to  permit  shipments  to  be  made  of  any  cement 
itaes  not  comply  with  the  requirements  given.  It  is  assumed  that  all 
mc  shipped  complies  with  the  requirements  given  herein.  All  shipments 
adoontainmg  cement  that  does  not  comply  with  the  requirements  given 
Hshall  be  replaced  with  cement  that  does  comply  with  said  requirements. 
Wer  used  with  Portland  cement  shall  be  clean,  free  from  oil,  acid,  alkali, 
■Its,  or  vegetable  matter. 

lrawa  Sand  is  furnished  by  the  Ottawa  Silica  Co.  of  Ottawa,  111.     One 

4wd  per  cent  passes  a  No.  20  sieve  and  100  per  cent  is  retained  on  a 

vl  sieve.     It  has  about  37  per  cent  of  voids  and  a  fineness  modulus  of 
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Item  19A.     Special  Cement  (Quick  Hardening)1 


Under  this  item  the  contractor  shall  furnish  and  place  cement  meetii 
following  requirements: 

A  pat  of  neat  cement  shall  remain  firm  and  hard,  and  show  no  si 
distortion,  cracking,  checking,  or  disintegregation  in  the  steam  U 
soundness. 

The  cement  shall  not  develop  initial  set  in  less  than  45  min.  when  the 
needle  is  used  or  60  min.  when  the  Gillmore  needle  is  used.  Final 
shall  be  attained  within  10  hr. 

The  average  tensile  strength  in  pounds  per  square  inch  of  not  les; 
three  standard  mortar  briquettes  composed  of  1  part  cement  and  3 
standard  sand,  by  weight,  shall  be  equal  to  or  higher  than  the  following: 

Ten 
Age  at  Strei 

Test,  Pound 

Days  Storage  of  Briquettes  Square 

1      1  day  in  moist  air 3c 

7      1  day  in  moist  air,  6  days  in  water 3; 

28      1  day  in  moist  air,  27  days  in  water 4c 

The  average  tensile  strength  of  standard  mortar  at  7  days  shall  be 
than  the  strength  at  1  day  and  the  average  tensile  strength  of  sta 
mortar  at  28  days  shall  be  higher  than  the  strength  at  7  days. 

The  cement  shall  be  tested  in  accordance  with  the  methods  of  U 
given  in  the  Standard  Specifications  of  the  American  Society  for  1 
Materials,  Serial  Designation  C-9-21. 

All  cement  shall  be  sampled  as  directed  by  the  Bureau. 

Measurement  and  Payment. — The  quantity  to  be  paid  for  shall 
number   of   barrels,    of   376   lb.    net    weight,  incorporated   in    the  w' 
accordance  with  the  specifications  and  to  the  satisfaction  of  the  en: 

97.  Mineral  Fillers 

Fillers  for  use  in  a  bituminous  mortar,  bituminous  concrete,  or 
asphalt  shall  be  Portland  cement,  ground  limestone,  or  pulverized  lii 
less  than  eighty-five  (85)  per  cent  of  which  must  pass  a  one  hundred 
mesh  sieve  and  sixty-five  (65)  per  cent  a  two  hundred  (200)  mesh  sie\ 
shall  be  free  from  lumps  or  balls  or  any  foreign  material  that  may  in 
for  the  purpose  intended. 

98.  Bituminous  Cement 

Must  be  uniform,  homogeneous,  and  free  from  water.  They  mus 
the  requirements  designated  below  for  the  respective  type  of  paveni' 
which  they  are  intended  to  be  used.  They  must  have  the  consistei 
quired  herein  before  shipping,  for  fluxing  will  not  be  allowed  at  the  1 
plant. 


99.  Asphaltic  Cements  and  Oils 

nay  be  made  from  petroleum  or  fi 
must  be  free  from  tar  or  tar  pro< 

1  To  get  quick-hardening  concrete  b    other  methods,  see  p.  485. 


Asphaltic  cements  may  be  made  from  petroleum  or  from  fluxed  or  un 
natural  asphalts,  and  must  be  free  from  tar  or  tar  products. 
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I.  iG.  Asphalt  Cement  Emulsion. — General:  The  emulsion  shall  be  homo- 
■bous,  of  such  character  that  it  will  mix  with  water  in  all  proportions  and 
jfich  stability  that  it  will  remain  constant  and  uniform  while  being  corn- 
ed and  mixed  with  clean,  wet,  crushed  stone.  Its  consistency  shall  be 
ji  as  uniformly  to  coat  the  stone  and  remain  constant  while  being  handled. 
one  Test:  One  (1)  pound  of  dry,  clean,  trap  rock  screenings.  Grade  A, 
;h  be  washed  until  clean  and  surplus  water  allowed  to  drain  off  for  a  period 
tf;'e  (5)  minutes. 

,  5  this  clean,  washed,  crushed  stone  screenings  shall  be  added  one  and 
joquarter  (i3^)  ounces  of  the  emulsion.  The  mixture  will  then  be  con- 
fctly  agitated  by  stirring,  turning  and  mixing  for  a  period  of  three  (3) 
unites. 

1  .iy  material  that  will  not  retain  its  emulsified  characteristics  without 
ip  eciable  separation  during  such  agitation  will  be  rejected  as  being  unsuited 
a  he  purpose  for  which  it  is  intended. 

\  lalysis  of  Emulsion:  When  distilled  up  to  a  temperature  of  26o°C.  the 
D'  loss  shall  not  exceed  thirty-two  (32)  per  cent  and  not  more  than  two  (2) 
je:ent  of  this  distillate  shall  be  other  than  water.  The  residue  from  the 
fcfoing  distillation  shall  comply  with  the  following  requirements: 


Grade 

A.E. 

Tests 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

:  Specific  gravity  at  25°C.. 
:  Penetration      at      25°C., 

100   g. — s   sec 

;  Solubility  in  CS2,  per  cent 
/Fixed  carbon,  per  cent. . . 
'Ash,  per  cent 

1 .01 
ISO 

98.  s 
6.0 

250 

150 
1.0 

4-7 

<  Ductility  at  25°C.  (cm.) .  . 
; Paraffin  scale,  per  cent..  . 

40.0 
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100.  Tars 

ir  may  be  either  coal  tar  or  petroleum  water  gas  tar. 
the  following  requirements: 


They  must  comply 
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;end    of   Asphaltic    Cements,    Asphaltic   Oils   and   Tars 


Intended  use 


Grades  that  may  be  specified 


ieet  asphalt,  type  S.  A 

tuminous      concrete      surfaces, 
mixed  hot,  Type  F.  A.-B.  C.-1, 
F.  A.-B.  C.-2,  or  W-B. 
tuminous      concrete      surfaces, 

mixed  cold,  type  A 

tuminous    macadam    surfaces, 

penetration  method , 

tch  work,  hot-mixing  method, 
tch  work,  cold-mixing  method, 
rface  treatments,  cold  applica- 
tion— macadam 

Bituminous  concrete 

rface    treatment,    hot   applica- 
tion— macadam 


N.    A.-i,    H.    M.~>,    L.    M.->,    C-J 

C.  M.-i,  or  T.-i 
N.    A.-2,   H.      M.-2,     L.     M.-2,    C-2 

C.  M.-2,  or  T.-2 

N.  A.-3,  H.    M.-3,  L.    M.-3,  C-3,  C. 

M.-3,  orT.~3 
N.  A.-«,  H.  M.-»,  L.  M.-<,  C-4,  C.  Mr* 

T-*.  X.,  or  U~* 
H.  H.  O.,  X.,  or  \J~* 
L.  K.,  H.  K.,  P.,  or  U.  C 

S.  C.  O.,  R.  C.  O.,  B.,  U.  B.,  or  U.  C 
L.  K.,  or  H.  K 

L.  H.  O.,  H.  H.  O.,  A.,  or  U"« 


101.  Bituminous  Waterproofing  Compounds 

1  bituminous  waterproofing  paints  shall  be  prepared  ready  for  use  before 
nent  and  shall  be  shipped  in  strong,  substantial  containers,  plainly 
fed  with  the  name  and  weight  of  content  and  name  and  address  of  the 
ufacturer.  When  so  requested,  the  analysis  of  all  paints  furnished 
be  supplied  by  the  manufacturer  within  ten  (10)  days  after  request 
ade. 

iA.  Tar  Paints. — Tar  paints  shall  be  prepared  from  a  refined  coal  tar 
f  ater-gas  tar  and  a  tar  distillate.  _  They  shall  be  free  from  water  or  petro- 
■i  distillates,  and  must  comply  with  the  following  requirements: 


Grades 

T  P-i 

T  p-2 

T  P-2 

Tests 

Min. 

Max. 

Min. 

Max 

Min. 

Max. 

Viscosity   at   25°C.,  first 

50  c.c  Engler  (seconds) . 

325 

400 

275 

350 

275 

350 

Free    carbon    (using   hot 

benzol,  CcHc;),  per  cent 

8.0 

14.0 

12.0 

18.0 

4.0 

10. 0 

Distillation: 

o°-i70°C.,  per  cent..  .  . 

20.0 

28.0 

12.0 

20.0 

12.0 

20.0 

o°-235°C.,  per  cent..  .  . 

0.0 

37-0 

150 

35.o 

150 

350 

o°-270°C.,  per  cent..  .  . 

0.0 

39-5 

0.0 

39-5 

0.0 

41.0 

o°-300°C.,  per  cent..  .  . 

0.0 

4i-S 

0.0 

43-5 

0.0 

46.0 

:  Melting  point  of  distilla- 

tion   residue     (Ball    & 

Ring)  °C 

60 

7o 

55 

70 

55 

70 

1400 
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101B.   Asphaltic  Paints. — Asphalt  paints  shall  be  prepared  from  petro 
residue  or  natural  asphalts,  and  a  petroleum  or  tar  distillate.     They 
be  free  from  water,  animal  or  vegetable  oils,  fats  or  greases,  and  shall  coi 
with  the  following  requirements: 


A  P-i 


Min. 


Max. 


Min. 


i.  Evaporation  loss  at   i63°C.  on 

20  g.  for  s  hours,  per  cent.  . .  . 

(a)   Penetration    on    residue    at 

25°C.  (ioo  g.-5  sec.) 

2.  Evaporation  loss  at   ioo°C.  on 

20  g.  for  5  hours,  per  cent 

3.  Solubility  in  benzol,  CeH6 
(Prepared   from    petroleum   as- 
phalt) ,  per  cent 

(Prepared  from  natural  asphalt) , 
per  cent 

4.  Ductility  at  50  penetration  at 

25°C,  centimeters 

5.  Viscosity  at  25°C.  (Engler,  first 

50  c.c),  seconds 

6.  Asphaltic  content  at  100  pene 

tration,  per  cent 


45-0 

10 

20 

35-0 

00.5 

95   0 

20.0 

200 

300 

50.0 

60.O 

Max. 


Mil 


102.  Wood  Preservatives 

Wood  preservatives  used  in  the  pressure  treatment  of  wooden  fc 
piling,  etc.,  shall  be  either  an  oil  distillate  from  coal-gas  tar  coke-ove 
or  a  product  of  which  at  least  sixty-five  (65)  per  cent  shall  be  a  distill 
coal-gas  tar  or  coke-oven  tar,  and  the  remainder  shall  be  refined  or  fi 
coal-gas  tar  or  coke-oven  tar.  Only  one  type  of  preservative  shall  b< 
on  any  one  contract.  They  must  comply  with  the  following  requireme 
given  under  W  P-1  and  W  P-2. 

Wood  preservatives  used  in  the  open-tank  treatment  of  guard  rail 
or  other  timbers  shall  be  an  oil  obtained  by  distillation  from  coal  tar  or 
oven  tar,  and  shall  be  free  from  any  admixture  of  undistilled  tar,  wat 
tar,  or  tars  or  oils  obtained  from  any  other  sources.  The  oil  shall  co 
to  the  following  specifications  given  under  W  P"3. 
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Grades 

w  p-i 

w  p-» 

w  p-» 

Tests 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Water  content,  per  cent 

3-0 

5.o 
15.0 

So 
2.0 

97-0 
1 .07 

1 .02 
1 .09 

30 

1. 14 

5.0 

25.0 

80 
10. 0 

99-75 
1.09 

10 

120 

165 
21 

1 .0 

1. 13 

2.50 
20.0 

25 
50.0 

2.0 
15.0 

Solubility  in  benzol,  CeHe,  per 
cent 

99.  S 
1 .06 

Specific  gravity  at  38°C./38°C., 
per  cent 

Specific  gravity  at  38°C./i5°C 
Distillates  (based  on  water-free 
oil),  o°C.-2io°C.,  per  cent  .  . 

Distillates  (based  on  water-free 
oil),  o°C.-235°C.,  per  cent  .  . 

Distillates  (based  on  water-free 
oil),  235°C.-300°C.,  per  cent 

Float  test  at  7o°C.  on  distilla- 
tion residue  above  355°C,  if 
over  10  per  cent,  inches 

Float  test  at  70°C,  on  distilla- 
tion residue  above  355°C,  if 

Per     cent     of     residue    above 
355°C 

Specific    viscosity,    Engler    at 

Specific     gravity     at 

38°C./i5.5°C.  of  fraction  be- 
tween 2350  and  3i5°C 

Specific     gravity     at 

38°C./i5.5°C.      of     fraction 
between  3i5°C.  and  355°C  .  . 

Coke  residue,  per  cent 

1.03 
r  .00 

Tar  acids  (per  cent  of  total  dis- 

Flash    point    (Cleveland    open 
cup),  °C 

Fire    point     (Cleveland    open 
cup),  °C 

103.  Joint  Fillers 

e  material  used  in  filling  joints  in  pavements,  curbs,  gutters,  etc.,  shall 
vided  into  two  grades,  Grade  P,  poured  joint  fillers,  and  Grade  M, 
ed  joint  fillers. 

e  poured  joint  fillers  shall  be  prepared  from  either  a  coal  tar  or  an 
lit  cement,  complying  with  the  requirements  given  below. 
)lded  joint  fillers  shall  be  prepared  by  impregnating  such  inert  materials 
t,  woolen  or  cotton  fiber,  paper  pulp,  sawdust,  etc.,  with  a  bituminous 
at  complying  with  the  requirements  given  below.  The  inert  material 
be  applied  as  a  layer  on  the  outside  of  a  bituminous  sheet,  or  may  be 
rmly_  distributed  through  the  bituminous  material.  In  either  case 
ient  inert  material  must  be  used  to  prevent  the  joint  from  chipping 
g  cold  weather. 

Med  joint  fillers  shall  be  cast  in  sheets,  the  thickness  of  which  shall 
e  same  as  the  joint  width  specified,  but  in  no  case  shall  molded  joint 
be  cast  in  sheets  less  than  one-half  (H)  inch  nor  more  than  three- 
€rs  (%)  inch  thick.  When  no  special  width  is  specified  the  joints  shall 
it  in  sheets  from  one-half  (K)  inch  to  five-eighths  (?,£)  inch  thick, 
molded  joint  fillers  to  be  used  in  transverse  joints  in  a  concrete  pave- 
shall  be  cast  in  lengths  equal  to  one-half  the  width  of  the  pavement, 
a  width  of  one-half   (H)   inch  greater  than  the  thickness  of  the  pave- 


1402 


SPECIFICATIONS 


merit,  have  one  edge  cut  to  the  curvature  specified  for  the  crown  of  the  pj 
ment,  and  have  a  thickness  equal  to  the  width  of  the  joint  as  above  specif 
When  for  use  in  longitudinal   joints  in  concrete   pavements  adjacent 
curbs,  gutters,  headers,  etc.,  molded  joints  shall  be  made  in  the  lengths 
widths  ordered. 

The  various  grades  of  bitumen  used  for  the  fabrication  of  expansion  ji 
fillers  shall  comply  with  the  requirements  given  below. 


Grades 

M.  A. 

P.  A. 

P.  T. 

Tests 

Min. 

Max. 

Min. 

Max. 

Min.    M 

i.  Specific  gravity  at  25°C 

2.  Penetration    at    25°C.-ioo   g. 

for  s  sec 

3.  Penetration    at    46°C.-ioo  g. 

for  5  sec 

4.  Melting  point  (ball  and  ring)°C 

5.  Evaporation  loss  on  20  g.  at 

i63°C.  for  s  hours,  per  cent.  . 

6.  Solubility  in  benzol,  CeH6,  per 

cent 

1 .00 

25 

99  -0 
4.0 

33 
55 

1.0 

1 .00 
30 

'65 

99-5 

99.0 
200 
4.0 

40 

70 
95 

1 .0 

1 .  22 

36 
65.0 

55 
20.0 

I 

7.  Solubility     in     carbon     tetra- 

chloride, CCL4,  per  cent 

8.  Flash  point  in  °C 

9.  Ductility  at  2S°C,  centimeters 

10.  Float  Test  at  ioo°C 

11.  Distillation      o°-i70°C.,      per 

cent 

Distillation      0°-300°C.,      per 
cent 

5 

12.  Free  carbon,  per  cent 

35 

104.  Lignin  Binders 

They  must  be  concentrated  liquid  extracts  from  organic  matter,  unif 
in  composition;  homogeneous,  free  from  mineral  oils,  asphalts  or  tars.  I 
ing  concentration  the  liquors  must  not  be  heated  above  2i2°F.  They  n 
conform  to  the  following  requirements: 


Grades 


G.  N. 


Tests 


Min. 


Ma 


1.  Specific  gravity  at  6o°F 

2.  Solubility  in  cold  water,  per  cent 

3.  Solubility  in  hot  water,  per  cent 

4.  Evaporation  loss  at  ioo°C.  to  constant  weight,  per 

cent 

5.  Ash  content,  per  cent 

6.  Free  acids,  per  cent 

7.  SO2  content  as  sulphite,  per  cent 

8.  CaO  content 

9.  MgO  content,  per  cent 

10.  Ferric  oxide  content,  per  cent 


1.25 
995 
99-5 


1.25 


55- 
9- 
0. 
I. 
2. 
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105.  Inorganic  Binders 

lis  class  of  binder  shall  consist  of  concentrated  solutions  of  soluble  alka- 
silicates  and  may  contain  soluble  organic  compounds.  They  shall 
1  the  following  requirements: 


Grades 

S.  S. 

R.  M. 

Tests 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Solubility  in  hot  water,  per  cent. 

Specific  gravity  at  6o°F 

Residue  on  evaporation  at 
iio°C.  to  constant  weight, 
per  cent 

Silica  content  of  residue,  per  cent 

990 

1-35 

60.0 

70.0 

1.40 

70.0 
80.0 

99- S 

1 .  20 

30.0 
36.0 

1.30 

40.0 
40.0 

106.  Telford  Base  Stone 

is  stone  shall  be  prepared  from  a  hard,  durable  rock,  such  as  trap, 
te,  gneiss,  limestone,  etc.  In  the  selection  of  these  stones  no  decom- 
l,  weathered,  shattered  or  soft  stone  shall  be  included.  The  stone 
be  broken  nearly  rectangular  in  shape,  and  of  such  a  width  that,  after 
ping,  they  will  produce  a  foundation  of  the  required  thickness.  When 
ecial  size  is  specified  the  stone  shall  be  so  broken  that,  after  knapping 
rimming  up,  they  will  be  approximately  eight  (8)  inches  in  depth,  not 

Ihan  two  (2)  or  more  than  (5)  inches  in  width,  and  from  six  (6)  to  twelve 

Inches  in  length. 

107.  Cobble  Stones 

Ibble  stones  shall  be  composed  of  only  good,  hard,  durable  stone  which 

S early  uniform  in  size.  They  shall  not  exceed  five  (5)  inches  in  their 
;t  diameter,  except  for  the  center  line  and  side  lines  of  gutters  where 
■1  stones  may  be  used.  They  must  have  fairly  smooth,  even  faces  that 
■ermit  the  construction  of  a  gutter  surface  with  a  uniform  contour. 

108.  Rubble  Stones 

Ibble  stones  shall  be  prepared  from  a  hard,  durable,  tough  stone,  such 
ihp,  granite,  gneiss,  etc.,  that  has  a  fairly  uniform  fine  grain,  is  sound, 
Brom  weathered  or  deomposed  stone,  shattered  ends  or  structural  defects, 
led  laminations,  seams  or  cracks,  and  must  be  approved  by  the  engineer 
He  use  intended. 

lien  for  use  in  a  rubble  gutter  stone  shall  be  not  less  than  six  (6)  nor  more 
leight  (8)  inches  in  depth,  not  less  than  two  (2)  nor  more  than  five  (5) 
k  in  width,  and  from  six  (6)  to  ten  (10)  inches  in  length.  The  top 
trie  must  be  approximately  flat,  and  so  cut  as  to  permit  the  construction 
Jfutter  surface  of  the  proper  contour.     When  for  use  in  rubble  masonry 

f  otherwise  specified  the  stone  for  the  faces  of  the  wall  shall  be  not 
an  six  (6)  inches  thick  nor  less  than  twelve  (12)  inches  long.  The 
shall  not  be  less  than  the  thickness  and  the  length  shall  not  exceed 
m  (3)  times  the  thickness.  Selected  stones,  rough  squared,  cut  to  the 
tg'ed  pitch,  shall  be  prepared  for  use  at  all  angles  and  ends  of  walls. 

109.  Stone  Block  for  Gutters 

Sne  block  for  gutters  shall  be  prepared  from  a  hard,  tough  rock  such  as 
(B;  granite,  gneiss,  etc.  In  the  selection  of  the  stone  all  decomposed, 
'•s.ered,  soft,  brittle  or  laminated  stone  will  be  excluded.  The  blocks 
i>oi  be  of  nearly  the  same  degree  of  hardness  and  toughness.  They  shall 
Bcut  that  they  will  be  practically  rectangular  in  shape,  be  not  less  than 
■)  nor  more  than  eight  (8)  inches  square  on  top,  and  from  six  (6)  to 
1(8)  inches  in  depth.  The  blocks  shall  be  so  split  and  dressed  as  to 
■  when  laid,  close  joints  not  exceeding  one-half  (3^)  inch  in  width  on  the 
Hnd  have  a  fairly  smooth  top  and  bottom  surface. 


1404  SPECIFICATIONS 

no.  Construction  Brick 

Brick  for  use  in  constructing  manholes,  catch  basins,  etc.,  shall  be  1 
whole  building  brick  of  a  standard  brand  or  make.     They  must  be 
uniform  commercial  size. 

The  physical  properties  of  construction  brick  shall  comply  with  the  req 
ments  for  Hard  Brick,  as  defined  in  A.  S.  T.  M.  standards,  Serial  Designs 
C21-20. 

in.  Masonry  Stone 

The  stone  used  in  the  construction  of  stone  masonry,  such  as  retai 
walls,  headers,  etc.,  shall  be  a  hard,  durable  stone,  that  will  easily  pe 
of  its  being  cut,  chipped  or  chiseled  into  the  required  shape  or  form.  S 
shall  be  of  two  grades,  rough  dressed  and  hand  dressed.  Rough-dn 
stone  shall  be  fairly  rectangular  in  shape,  have  at  least,  one  smooth, 
face,  be  not  less  than  three  (3)  inches  in  thickness,  nor  less  than  eigh 
inches  in  width,  and  have  a  length  greater  than  one-half  the  thickness  o 
wall  in  which  the  stone  will  be  used.  Hand-dressed  stone  will  be 
dressed  to  nearly  rectangular  shape.  The  front  face  shall  be  smooth 
even,  free  from  objectionable  depressions  or  projections,  be  rectani 
in  shape,  have  straight  edges  with  square  corners,  and  the  other  faces  dn 
nearly  perpendicular  to  this  face. 

Hand-dressed  stone  shall  be  not  less  than  eighteen  (18)  inches  in  lei 
six  (6)  inches  in  thickness,  nor  less  than  one  (1)  foot  in  width,  and  mu 
approved  by  the  engineer  before  being  used. 

Header  stone  shall  be  equal  in  length  to  the  thickness  of  the  wall  in  v 
it  will  be  used. 

112.  Stone  Curbing 

Straight  curbing  shall  be  made  from  either  granite  or  bluestone;  cir 
curbing  from  granite  only. 

The  granite  used  shall  be  a  good  grade  of  medium  fine  grain  gr 
which  has  a  uniform  texture  and  distribution  of  its  constituent  minen 
neither  stratified  nor  laminated,  and  is  free  from  seams,  evidence  of  wea 
ing,  or  disintegration. 

The  bluestone  shall  be  a  hard,  durable  stone  that  is  free  from  such  imp 
tions  as  soft  or  weathered  spots,  shattered  layers,  weathered  bedding  pi 
or  distinct  lines  of  stratification.  It  must  be  of  sufficient  hardness  as 
serviceable,  but  not  so  hard  as  to  be  brittle  or  glassy. 

_  All  curbing  shall  be  cut  in  lengths  of  not  less  than  four  (4)  nor  more 
eight  (8)  feet,  and  be  twenty  (20)  inches  in  depth  unless  a  concrete  fo 
is  specified  to  be  used,  when  the  depth  shall  be  sixteen  (16)  inches. 

The  top  of  all  curbing  shall  be  dressed  to  an  even,  smooth  surface  fc 
length,  have  straight,  even  edges,  and  a  one-quarter  (3^)  inch  bevel, 
front  faces  shall  be  hand  dressed  full  length  for  a  depth  of  twelve 
inches,  and  have  a  batter  of  one  (1)  inch  from  the  top  of  the  curb  t 
finished  line  of  the  gutter  and  be  straight  from  this  line  to  the  bo 
The  back  face  shall  be  hand  dressed  for  a  depth  of  three  (3)  inches, 
dressed  faces  shall  be  free  from  depressions,  projections  or  other  de 
and  hand  dressed  in  a  manner  equal  to  four  (4)  cut  stone  finish.  All  cu 
shall  have  square  ends  that  will  permit  joints  being  made  not  more 
one-quarter  (^4)  inch  in  width  for  full  depth. 

1 12 A.  Five-inch  Curbing. — Five-inch  curbing  shall  be  five  (5)  inct 
thickness  on  the  top  and  not  less  than  six  (6)  nor  more  than  eight  (8)  i 
in  thickness  on  the  bottom;  other  dimensions  to  be  as  above  specified. 

112B.  Six-inch  Curbing. — Six-inch  curbing  shall  be  six  (6)  inch 
thickness  on  the  top  and  less  than  seven  (7)  nor  more  than  eight  (8)  i 
in  thickness  on  the  bottom;  other  dimensions  to  be  as  above  specified. 

112C.  Eight-inch  Curbing. — Eight-inch  curbing  shall  be  not  less 
eight  (8)  inches  in  thickness  on  the  top  nor  less  than  nine  (9)  nor  more 
eleven  (1 1)  inches  on  the  bottom;  other  dimensions  to  be  as  above  specifi 

112D.  Circular   Curbing. — Circular  curbing  shall   be   similarly  cut 
dressed  in  the  same  manner  as  straight  curbing.     It  must  be  so  cut 
conform  accurately  to  the  required  radius.     The  ends  shall  be  so  cut 
permit  of  joints  being  made  of  not  more  than  one-quarter  O-4)  inch  in ' 
for  full  depth. 

113.  Paving  Blocks 

113A.  New  Granite  Paving  Blocks. — New  granite  paving  blocks  sh: 
prepared  from  a  granite  of  medium  or  fine-grained  structure,  showii 
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distribution  of  the  constituent  minerals  of  uniform  quality,  structure 

exture. 

ysical  Properties. — The  granite  shall  have  a  French  coefficient  of  wear 

t  less  than  nine  (9).      The  average  of  three  determinations  shall  be  used 

porting  this  test. 

mensions. — The  blocks  shall  meet  the  following  requirements: 

Length  on  top 8  to  12  in. 

Width  on  top 3>2  to  4^  in. 

Depth 4>4  to  5%.  in. 

tssing. — The  blocks  shall  be  so  dressed  that  the  faces  will  be  approxi- 
ly  rectangular  in  shape  and  the  ends  and  sides  sufficiently  smooth  to 

t  the  blocks  to  be  laid  with  joints  not  exceeding  one-half  (34)  inch  in 

at  the  top  and  for  a  distance  of  one  (1)  inch  down  therefrom,  and  not 
d  one  (1)  inch  in  width  at  any  other  part  of  the  joint.  The  top  surface 
e  block  shall  be  so  cut  that  there  will  be  no  depressions  measuring 

than  three-eighths  (%)  inch  in  depth  from  a  straightedge  laid  in  any 
;ion  on  the  top  of  said  block  and  parallel  to  the  general  surface  there  of. 
re  shall  be  exercised  in  handling  the  blocks  so  that  the  edges  and  cor- 

hall  not  be  chipped  or  broken.  Blocks  otherwise  acceptable  may  be 
;ed  on  account  of  spalling. 

ipection. — The  engineer  or  his  authorized  representative  shall  select 
2  work  not  less  than  three  (3)  blocks  which  fairly  represent  the  actual 
lent.      These  blocks  shall  be  tested  for  the  French  coefficient  of  wear. 

samples  shall  include  blocks  that  would  be  rejected  by  visual  examina- 

The  bedding  plane  shall  be  marked  on  at  least  two  (2)  of  the  blocks 

ed.     All  deliveries  shall  be  subject  to  further  inspection  at  the  work 

to  and  during  paving.      Blocks  received  at  the  work  that  are  manu- 
red at  a  quarry  other  than  the  quarry  or  quarries  stated  in  the  certificate 
itted  by  the  contractor  at  the  time  of  bidding  shall  be  rejected. 
[B.  Recut  Granite  Paving  Blocks. — The  recut  granite  paving  blocks 
be  made  from  the  blocks  in  the  street  or  roadway  which  is  to  be  paved. 

ional  blocks  required  shall  be  either  new  granite  blocks  or  made  from 

used  granite  blocks  of  the  proper  size  and  equal  in  quality  to  those  in 
avement  to  be  repaved. 

ysical  Properties. — All  recut  blocks  must  show  a  French  coefficient  of 
equal  to  that  specified  herein  for  new  granite  paving  blocks. 
mensions. — The  blocks  shall  meet  the  following  requirements: 

Length  on  top Not  less  than  6  in. 

Width 3?^  to  4H  in. 

Depth 4%  to  $y±  in. 

essing. — The  blocks  shall  be  so  dressed  that  the  faces  will  be  approxi- 
y  rectangular  in  shape  and  the  ends  and  sides  sufficiently  smooth  to 
t  the  blocks  to  be  laid  with  joints  not  exceeding  one-half  (M)  inch  in 

at  any  part  of  the  joint.  Blocks  less  than  six  and  one-half  (6J4) 
s  in  length  shall  be  reclipped.  The  head  of  the  blocks  shall  be  so  cut 
hey  shall  have  not  more  than  three-eighths  (^g)  inch  depression  across 
ead  measured  from  a  straightedge  held  parallel  to  the  general  surface 
i  blocks. 

pection. — After  the  blocks  have  been  recut  they  shall  be  carefully 
cted.  Undersized  or  irregular-shaped  blocks  or  those  not  complying 
the  above  requirements  shall  be  rejected  and  must  be  removed  from  the 
fay. 

|C.  New  Sandstone  Paving  Blocks. — Sandstone  paving  blocks  shall 
»t  of  the  best  quality  sandstone,  free  from  quarry  checks  or  cracks,  and 
be  quarried  from  fine  grain  live  rock,  showing  a  straight  and  even 
ire.     The  material  shall  be  of  uniform  quality  and  texture,  free  from 

,  fines  or  clay,  or  other  substances  which,  in  the  opinion  of  the  engineer, 
>e  injurious  to  its  use  as  paving  blocks. 

ysical  Properties. — All  sandstone  blocks  must  have  a  French  coefficient 
ar  of  not  less  than  nine  (9).     The  average  of  three  (3)  determinations 
be  made  in  reporting  this  test. 
mensions. — The  blocks  shall  meet  the  following  requirements: 

Length  on  top 8  to  12  in. 

Width  on  top 3^2  to  434  in. 

Depth 4%  to  5%  in. 
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Dressing. — -The  blocks  shall  be  dressed  in  the  same  manner  as  that  spe 
for  new  granite  paving  block. 

Inspection. — The  same  method  of  inspection  shall  be  used  as  that  spe 
for  the  new  granite  paving  blocks. 

113D.  Durax  Paving  Blocks. — Durax  paving  blocks  shall  be  cut  fr 
gTanite  that  complies  with  the  requirements  specified  herein  for  new  gi 
paving  blocks. 

Dimensions. — Durax  blocks  shall  have  six  (6)  irregular,  approxim 
square  surfaces,  the  edges  of  which  shall  measure  not  less  than  two  and  1 
quarter  (2%)  inches,  nor  more  than  four  (4)  inches. 

Dressing. — The  blocks  shall  be  dressed  so  as  to  conform  with  the  rec 
ments  specified  for  new  granite  blocks,  except  that  the  faces  shall  be  s> 
instead  of  rectangular. 

Inspection. — The  same  method  of  inspection  shall  be  used  for  I 
blocks  as  that  specified  for  new  granite  blocks. 

113S.  Vitrified  Paving  Brick. — All  brick  used  for  pavement  or  g 
surfaces  shall  be  vitrified  and  prepared  especially  for  paving  puri 
They  shall  be  pressed  brick  with  lugs  or  wire-cut  lug  brick  when  the  pave 
is  to  be  Portland  cement  grout  filled,  and  wire  cut  without  lugs  whe: 
pavement  is  to  be  filled  with  a  bituminous  cement  or  bituminous  m 
Special  forms  shall  be  furnished  when  so  ordered  or  required  witnout 
compensation. 

All  brick  shall  be  thoroughly  annealed,  tough,  and  durable,  regular  i 
and  shape,  and  evenly  burned.  When  broken,  the  brick  shall  show  a  < 
stonelike  body  free  from  lime,  air  pockets,  cracks,  or  marked  lamina 
Kiln  marks  shall  not  exceed  three-sixteenth  (2i6)  inch,  and  the  wt 
surface  shall  show  but  slight  kiln  marks. 

Representative  samples  of  the  brick  shall  meet  the  following  requirei 
when  subjected  to  the  rattler  test: 

Average  loss  by  abrasion  on  3-in.  wire-cut  brick  twenty-five  (25)  per 
maximum,  wenty-seven  (27)  per  cent. 

Average  loss  by  abrasion  on  3^-in.  wire-cut  brick,  twenty-three  (23 
cent;  maximum,  twenty-five  (25)  per  cent. 

An  abrasion  loss  of  one  (1)  per  cent  lower  than  that  specified  abov> 
be  required  for  repressed  paving  brick. 

A  maximum  of  three  tests  may  be  used  as  a  basis  for  rejection. 

The  brick  shall  meet  the  following  dimensions; 

Either  8K  X  3  X  4  in.,  or  8K  X  3K  X  4  in. 
Variations  among  brick  from  a  single  plant  shall  not  exceed  the  foil 
limits: 

Variation  in  length M  inch 

Variation  in  width H  inch 

Variation  in  depth M  inch 

If  the  edges  of  the  brick  are  rounded,  the  radius  shall  not  exceed 
sixteenth  0-16)  inch. 

The  name  or  trade-mark  of  the  manufacturer,  if  shown  on  the  brick 
be  recessed  and  not  raised. 

The.  brick  shall  be  subjected  to  inspection  subsequent  to  deliver 
during  laying  in  order  to  cull  out  and  reject  upon  variations  from  the  g 
and  dimensions  clauses  and  upon  the  following  grounds: 

All  brick  which  are  broken  through  or  chipped  in  such  mannei 
neither  wearing  surface  remains  substantially  intact,  or  in  such  m 
that  the  lower  or  bearing  surface  is  reduced  in  area  by  more  than  one-< 

All  brick  which  are  cracked  to  a  depth  greater  than  one-eight  (H 
on  any  surface,  or  which  are  cracked  on  the  wearing  surface. 

All  brick  which  are  so  ofisized  or  misshaped,  bent,  twisted,  or  kiln  m 
that  they  will  not  form  a  proper  surface  or  align  properly  with  other  bi 

All  brick  which  are  obviously  too  soft  and  too  poorly  vitrified  to  e 
street  wear. 

113F.  Asphalt  Blocks. — These  blocks  shall  be  prepared  from  trap  roc 
a  mineral  filler  of  ground  limestone  or  Portland  cement  bound  tof 
with  an  asphaltic  cement.  The  trap  rock  shall  be  prepared  by  recrt 
clean  %-in.  to  i>2-in.  stone  which  is  free  from  all  weathered  or  decom 
material  and  quarry  screenings.  The  product  thus  produced  must  al 
through  a  screen  having  circular  openings  one-quarter  (K)  inch  in  diai 
the  stone  therein  shall  be  as  near  cubical  as  possible,  and  be  so  graded 


uce  in  the  finished  block,  the  mesh  composition  specified  below.  The 
ral  filler  must  fulfill  the  requirements  given  in  Article  97;  the  asphalt 
;nt,  those  for  Grade  NA.5,  as  defined  in  Article  99-4. 
1  blocks  shall  be  uniform  in  texture  and  composition,  straight,  true  to 
,  free  from  warp,  wind,  and  broken  corners  or  edges.  The  planes  of  the 
site  faces  and  edges  must  be  parallel.  Each  block  shall  be  five  (5) 
2sin  width,  twelve  (12)  inches  in  length,  and  two  (2)  inches  in  depth  and 
variation  therefrom  of  over  one-quarter  (^)  inch  in  length  or  one-eighth 
inch  in  width  or  depth  from  these  dimensions  will  cause  the  rejection 
eh  blocks. 

ichor  blocks  shall,  in  addition  to  meeting  the  requirements  specified 
nabove,  have  a  strip  of  sheet  iron  one  (1)  inch  wide  so  embedded  in  the 
k  that  it  is  firmly  held  in  place,  does  not  project  less  than  three-eighths 
inch  or  over  one-half  (M)  inch  below  the  surface  of  the  face  of  the  block, 
iptical  in  shape,  the  major  axis  of  which  is  not  less  than  nine  (9)  inches 
/er  ten  (10)  inches  and  the  minor  axis  not  less  than  two  and  one-half 
)  inches  or  over  three  (3)  inches. 

1  blocks  must  have  a  specific  gravity  at  I5.5°C,  of  not  less  than  2.40  and 
prepared  that  they  will  comply  in  all  respects  to  the  following  additional 
irements: 

Composition 
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Size  of  screen  and  sieves 


Passing 


Retained  on 


Minimum, 


Maximum, 


t-in.  screen 

20-mesh 
100-mesh 
imen  content 


J-4-in.  screen 

20-mesh 

100-mesh 


35-0 

150 

26.0 

6.5 


0.0 
50.0 
30  o 
300 

8.0 


ter  having  been  dried  for  twenty-four  (24)  hours  at  a  temperature  of 
,  the  blocks  shall  not  absorb  more  than  one  (1)  per  cent  of  water 
1  on  the  weight  after  drying,  when  immersed  in  water  for  seven  (7)  days, 
le  average  penetration  of  the  block  under  the  punch  test  shall  not  exceed 
in.  at  ioo°F.,  and  1.00  in.  at  ii5°F. 

ocks  which  have  the  corners  or  edges  broken  off  of  one  end  only  and  will 
the  other  requirements  giving  hereinabove,  may  be  used  for  half  blocks 
:ent  to  curb,  for  breaking  courses,  and  in  making  closures, 
addition  to  the  above  requirements,  the  block  must  be  prepared  by  a 
afacturer  or  producer  who  is  experienced  in  the  preparation  of  such 
cs.  Before  approval  by  the  engineer  of  any  blocks  of  this  type,  the 
ifacturer  or  producer  thereof  must  submit  a  statement  giving  the  loca- 
of  two  or  more  pavements  that  are  five  (5)  years  or  more  old,  have 
1  good  service  during  this  time,  do  not  show  evidence  of  an  unnatural 
or  deterioration,  and  were  constructed  of  paving  blocks  of  the  type 
n  specified. 

ch  consignment  or  carload  shall  be  sampled  in  such  a  manner  that  each 
ile  represents  about  ten  thousand  (10,000)  blocks.  The  blocks  selected 
be  samples  shall  be  taken  at  random  from  the  shipment  and  shall  repre- 
the  average  quality  of  blocks  contained  in  the  consignment.  In  case 
blocks  fail  to  pass  the  tests  herein  specified,  a  check  analysis  shall  be 
on  another  sample  similarly  selected.  If  the  check  sample  passes  the 
irements  above  specified,  the  shipment  or  consignment  shall  be  accepted, 
•wise  rejected,  unless  the  engineer  shall  agree  to  resample  the 
gnment. 

3G.  Wooden  Blocks. — All  wooden  blocks  used  for  paving  purposes 
be  creosoted  in  the  manner  designed  below,  and  comply  with  the  other 
rements  given. 

ality  of  Wood  for  Blocks. — The  lumber  to  be  used  in  manufacturing 
:s  shall  be  Southern  yellow  pine,  Norway  pine,  Douglas  fir,  tamarack, 
;  gum,  or  hemlock,  but  only  one  kind  shall  be  used  on  any  one  section 
vement. 
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The  blocks  shall  be  sound  and  shall  be  well  manufactured,  square  but 
square  edged,  free  from  unsound,  loose,  or  hollow  knots,  knot  holes,  w 
holes,  and  other  defects  such  as  shakes,  checks,  etc.,  which  would  be  injur 
to  the  blocks. 

The  number  of  annual  rings  in  the  one  (1)  inch  measured  radially,  w 
begins  two  (2)  inches  from  the  pith  of  the  block,  shall  not  be  less  thai 
(6),  provided,  however,  that  blocks  containing  between  five  (5)  and  six 
rings  in  this  inch  will  be  accepted  if  they  contain  thirty-three  and  one-t 
(33M)  Per  cent  or  more  of  summer  wood.  In  case  the  block  does  not  con 
the  pith,  the  one  (1)  inch  to  be  used  shall  begin  one  (1)  inch  from  the 
which  has  the  shortest  radius.  When  being  treated  the  blocks  in  1 
charge  shall  contain  an  average  of  at  least  seventy  (70)  per  cent  of  b 
wood.  No  one  block  shall  be  accepted  that  contains  less  than  fifty 
per  cent  of  heart  wood. 

Size  of  Block. — Blocks  shall  be  from  five  (5)  to  ten  (10)  inches  in  ler 
but  shall  have  an  average  length  of  twice  the  depth;  they  may  be  from  t 
(3)  to  four  (4)  inches  in  width,  and  three  (3),  three  and  one-half  (3^ 
four  (4)  inches  in  depth,  as  specified.  Only  block  of  a  single  width  sha 
used  in  a  section  of  pavement.  A  variation  of  one-sixteenth  (Me)  of  an 
shall  be  allowed  in  the  depth,  and  one-eighth  (H)  inch  in  the  w 
of  the  block. 

Properties  of  Preservatives. — The  preservative  to  be  used  in  manufactt 
of  block  shall  be  a  coal-tar  distillate  or  a  coal-tar  paving  oil,  complying 
the  requirements  given  therefor.  The  preservatives  used  shall  be  design 
by  the  engineer,  but  only  one  preservative  shall  be  used  on  any  one  cont 

Inspection  of  Preservative. — The  manufacturer  of  the  blocks  shall  pe 
complete  sampling  at  all  times  and  places,  and  shall  furnish,  if  requ 
satisfactory  proof  of  the  origin  of  the  preservative.  Samples  of  the  prest 
tive,  taken  from  the  treating  tank  during  treatment,  at  no  time  shall  ! 
an  accumulation  of  more  than  two  (2)  per  cent  of  sawdust,  dirt,  or  < 
foreign  materials.  Due  allowance  shall  be  made  for  such  accumulatic 
foreign  materials  by  injecting  an  additional  quantity  of  preservative  int< 
blocks. 

Treatment  of  Blocks. — The  blocks  shall  be  treated  with  the  preserv; 
under  pressure  so  that  they  shall  contain  not  less  than  sixteen  (16)  po 
per  cubic  foot,  and  at  no  time  shall  be  subjected  to  a  temperature  of 
than  two  hundred  and  forty  (240)  degrees  Fahrenheit.  They  shall 
satisfactory  penetration  of  the  preservative  after  treatment.  All  b 
which  have  become  warped,  checked  or  otherwise  injured  in  the  proce 
treatment  will  be  rejected. 

Inspection  of  Blocks.— The  blocks  will  be  subjected  to  inspection  be 
during  and  after  treatment  and  may  be  reinspected  at  any  time.  The  • 
shall  be  equipped  with  gages  and  appliances  necessary  for  suitable  inspe 
and  every  facility  for  this  inspection  shall  be  afforded. 

Handling   of   Blocks. — The    blocks  at  all  times  shall  be  kept  clean, 
neatly  and  shall  be  handled  carefully,  as  blocks  otherwise  acceptable  nu 
rejected  if  they  become  coated  with  dirt. 

114.  Pipes 

All  pipe  of  any  given  type,  grade,  or  size  must  be  uniform  in  appear; 
composition,  and  texture.  The  smallest  inside  diameter  shall  be  the  go- 
ing size.  Unless  otherwise  specified,  all  lengths  must  be  straight,  tn 
form,  with  circular  cross-sections,  and  free  from  cracks,  holes,  ragged  c 
or  broken  ends.  No  culls,  second  grade,  used  or  second-hand,  injun 
defective  pipe  shall  be  used,  or  other  grades  or  sizes  substituted  for  1 
specified.  No  pipe  shall  be  used  until  approved  by  the  engineer.  "Wher 
possible,  the  manufacturer  should  have  consignments  inspected  and  appr 
before  shipment. 

114A.  Drain  Tile. — The  pipe  used  for  drain  tile  shall  be  either  vit: 
tile  or  machine-made  concrete  pipe,  unless  otherwise  shown  on  plans. 

Vitrified  pipe  shall  be  of  the  best-grade,  first-quality,  salt-glazed  pi] 
the  hub-and-spigot  type.  The  grazing  shall  extend  uniformly  over  botJi 
exterior  and  interior  surfaces.  It  shall  be  uniformly  and  thoroughly  bu: 
free  from  blisters,  cracks,  or  other  defects  that  will  injure  it  for  the  puj 
intended.  The  dry  pipe  must  give  a  clear,  metallic  ring  when  taj 
It  shall  be  furnished  in  lengths  of  not  less  than  twenty-four  (24)  in 
The  inside  diameter  shall  be  the  determining  size.  Unless  otherwise  s 
fied,  all  lengths  must  be  straight.  When  required,  curved  or  special  fori 
pipe  shall  be  furnished. 
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ncrete  drain  pipe  shall  be  made  of  the  same  materials  and  in  the  manner 
fied  for  machine-made  reinforced  concrete  pipe,  given  below,  with  the 
)tion  that  no  reinforcing  metal  is  required  and  the  ultimate  strength  of 
shall  be  1000  D.  The  dimensions  for  this  kind  of  pipe  shall  conform 
e  A.  S.  T.  M.  requirements,  Serial  Designation  C14-21. 
4B.  Cast-iron  Pipe. — All  cast-iron  pipe  shall  be  of  the  hub-and-spigot 
It  shall  be  manufactured  in  the  lengths  specified.  When  no  length 
:signated,  it  shall  be  manufactured,  in  lengths  not  less  than  three  (3) 
lor  more  than  twelve  (12)  feet.  Unless  otherwise  specified,  each  length 
have  square  ends,  be  straight  in  the  direction  of  the  cylinder  and  the 
and  outer  surfaces  shall  be  concentric  and  true  circles  in  cross-section, 
ipe  shall  be  smooth,  free  from  scales,  lumps,  blisters,  cracks,  broken  ends, 
her  defects  considered  injurious  for  the  use  intended.  Small  sand-  or 
-holes  will  not  be  considered  defects.  Each  joint  shall  have  the  maker's 
Is  cast  upon  it  in  raised  letters. 

cast-iron  pips  shall  be  made  from  first  quality  cast  iron  which  is  free 
clinker  iron  or  other  inferior  iron.  It  must  produce  a  sound,  tough, 
:>le  casting,  having  a  uniform,  even  grain  that  is  soft  enough  to  admit 
actorily  of  drilling  and  cutting. 

her  cast-iron  water  pipe,  Grade  A,  or  cast-iron  culvert  pipe  will  be 
ted  provided  it  complies  with  the  requirements  given  above  and  its 
it  per  lineal  foot  is  not  less  than  that  given  below  for  the  different  sizes. 


minal  inside  diam- 
eter, inches 

Thickness,  inches 

Weight  per  lineal  foot, 
pound 

> 

4 

0.42 

20.0 

6 

0.44 

30.8 

8 

0.46 

42.9 

10 

0.50 

57- 1 

12 

0.54 

72. 5 

14 

0.57 

89.6 

16 

0.60 

108.3 

18 

0.64 

129.  2 

20 

0.67 

150.0 

24 

0.76 

204.  2 

30 

0.88 

291.7 

36 

0.99 

391-7 

pipe  will  be  accepted,  the  weight  of  which  shall  be  five  (5)  per  cent 
Lan  the  weights  herein  specified. 

h  section  of  cast-iron  pipe  shall  be  coated  inside  and  outside  with  coal- 
itch  varnish  to  which  sufficient  linseed  oil  has  been  added  to  make  a 
th  coat,  tough  and  tenacious  when  cold,  with  no  tendency  to  scale  off. 
C.  Corrugated   Sheet  Iron   or    Steel.     Size   and   Shape. — Each   joint 
have  square  ends,  be  circular  in  form  and  of  the  size  and-  length  indi- 
on  plans.     When  no  particular  length  of  joint  is  indicated,  the  pipe 
be  shipped  in  standard  lengths  of  the  required  size.     The  inlet  and 
;  ends  shall  be  reinforced  by  a  round  rod  not  less  than  one-half  (}■£) 
n  diameter.      Sufficient  metal  shall  be  lapped  over  this  rod  to  cover  it 
etely.      Each  joint  shall  be  firmly  and  neatly  riveted  together,  the 
being  spaced  not  over  three  (3)  inches  apart  in  longitudinal  seams, 
lore  than  eight  (8)  inches  apart  in  circumferential  seams.      The  metal 
be  lapped  not  less  than  one  and  one-half  (1^2)  inches  in  longitudinal 
nor  less  than  one  (1)  corrugation  in  circumferential  seams. 
■position    of  Materials    Used. — All    corrugated    pipe    shall   be    manu- 
ed  from  galvanized  sheets  of  iron  or  steel  that  were  prepared  from 
a  pure-iron  or  a  copper-bearing  pure-iron  steel.     These  sheets  must 
iform  in  thickness,   and  free  from  blisters,   scales,   or  other  defects 
will  injure  them  for  galvanizing.      All  rivets,  reinforcing  rods,  and 
ngs  or  connecting  bands  shall  be  made  from  the  same  grade  metal  as 
dy  of  the  pipe. 

e  iron  shall  be  so  refined  that  it  shall  have  an  iron  content  of  not  less 
Hninety-nine  and  seventy-nine  hundredths  (99.79)  per  cent,  copper- 
fcig  pure  iron,  not  less  than  99-75  per  cent  and  not  less  than  0.20  per 
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cent  of  copper.     Copper  steel  shall  be  so  prepared  that  it  shall  contair 
less  than  three-tenths  (0.3)  of  one  (1)  per  cent  of  copper  nor  more 
fifteen   hundredths   (0.15)    per  cent  of  carbon,   five  hundredths   (0.05) 
cent  of  sulphur,  four  hundredths   (0.04)    per  cent  phosphorus,  and 
thirty  hundreths  (0.30)  to  forty-five  hundredths  (0.45)  per  cent  mangai 

Galvanizing. — All  sheet  metal  used  in  the  manufacture  of  corrug 
pipe  shall  be  galvanized  on  both  sides  by  the  hot-dipping  process, 
square  foot  of  unconjugated  sheet  shall  contain  not  less  than  two  (2)  01 
of  spelter,  evenly  distributed  over  both  surfaces.  The  zinc  coating  mu 
uniform  in  thickness,  completely  cover  both  sides,  firmly  adhere  the 
and  be  free  from  imperfections  of  any  kind,  and  show  no  signs  of  cracki: 
blistering.  All  rivets,  reinforcing  rods,  and  couplings  or  connecting  t 
shall  be  galvanized  in  the  same  manner  as  the  sheets. 

Corrugation. — The  corrugations  of  any  one  given  size  of  pipe  sha 
uniform  but  must  not  be  less  than  three-eighths  (£3)  inch  in  depth 
more  than  three  (3)  inches  from  center  to  center. 

Gages  of  Sheets  Required. — Corrugated  metal  pipe  shall  be  made  of  s! 
of  the  following  thickness  (U.  S.  Standard  Gage  Measure): 

Diameter  Gage 

Pipe  from  12  to  20  in.  shall  not  be  lighter  than  16 
Pipe  from  24  to  30  in.  shall  not  be  lighter  than  15 
Pipe  from  36  to  42  in:  shall  not  be  lighter  than  14 
Pipe  from  48  to  60  in.  shall  not  be  lighter  than  12 

114D.  Reinforced  Concrete  Pipe.  Type  of  Pipe. — Reinforced  con 
pipe  may  be  either  cast  or  machine  made.  Each  type  shall  confor 
size,  shape  and  reinforcement  to  the  standards  as  shown  in  the  table  for 
a  part  in  these  specifications.  The  letter  C  or  M  shall  be  plainly  impr 
upon  the  outside  surface  of  each  length  of  pipe  to  designate  whether 
cast  or  machine-made  respectively.  Each  length  of  pipe  shall  als 
clearly  marked  with  the  date  of  manufacture  and  the  name  or  trade- 
of  the  manufacturer. 

Shape. — All  concrete  pipe  12  in.  or  over  in  diameter  shall  be  reinforc 
herein  specified  and  be  of  the  bell-and-spigot  type  unless  some  other  tj 
specified  or  shown  on  the  plan.  Each  section  shall  have  square  end 
circular  or  elliptical  in  cross-section,  unless  otherwise  specified,  and 
walls  of  uniform  thickness  throughout  except  the  bell  end,  which 
have  a  thickness  of  not  less  than  three-fourths  (££)  of  the  wall  thicknes; 
point  }/i  in.  from  the  end  of  the  bell. 

Size. — It  shall  be  cast  in  sections,  the  length  of  which  shall  be  as  1 
specified  or  shown  on  plans.  When  no  particular  length  is  specified 
pipes  shall  be  manufactured  in  standard  lengths  of  not  less  than  fou 
feet,  nor  more  than  six  (6)  feet.  The  smallest  inside  diameter  shall  g< 
in  deciding  the  sizes  of  any  given  pipe. 

Joints. — The  bell  end  shall  be  so  constructed  that  the  spigot  enc 
enter  to  full  depth.  The  distance  the  spigot  end  must  enter  freely  sh; 
as  follows:  12-  to  18-in.  pipes  not  less  than  two  and  one-half  (2H)  in 
18-  to  30-in.  pipe,  not  less  than  three  (3)  inches;  and  30-  to  72-in.  pip< 
less  than  three  and  one-half  (3H)  inches. 

Finish. — The  surface  of  all  pipe,  both  interior  and  exterior  shall  be  sn 
and  even,  of  uniform  texture,  free  from  surface  checks,  cracks,  bli 
fractures,  laminations,  lean  and  porous  spots.  The  pipe  shall  be  tr 
dimensions  intended  in  the  design  with  a  permissible  variation  fron 
true  form  of  not  more  than  iH  per  cent.  The  shell  of  the  pipe  ms 
thicker  than  called  for  in  the  designs,  but  it  shall  not  be  less  than  the  c 
nated  shell  thickness  by  more  than  5  per  cent. 

Composition. — Concrete  pipe  shall  be  prepared  from  a  concrete  m 
having  the  following  composition: 

Portland  cement 1  part  by  volume 

Fine  aggregate 1  to  2  parts  by  volume 

Coarse  aggregate 3  parts  by  volume 

and  sufficient  reinforcing  metal  to  meet  the  requirements  given  below. 

Materials. — The  Portland  cement  shall  comply  with  the  required 
give  in  Article  96.  The  fine  aggregate  shall  be  concrete  sand,  comp 
with  the  requirements  given  in  Article  95-B.  The  coarse  aggregate 
be  dustless  screenings  prepared  from  trap  rock,  dolomite  or  pea  grav 
defined  in  Articles  92  and  94  respectively. 
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e  reinforcing  metal  shall  be  woven  wire  mesh,  expanded  metal,  rods. 
5,  or  spirals  manufactured  from  billet  steel  which  complies  with  the 
rements  specified  therefor  by  the  A.  S.  T.  M.  Standards,  Serial  Desig- 
A  15-14.  It  must  be  free  from  grease,  dirt,  rust,  or  any  foreign 
rial  that  will  prevent  the  concrete  from  properly  adhering  thereto. 
zparation. — Concrete  pipe  shall  be  prepared  from  the  materials  above 
5ed.  Each  length  shall  be  cast  in  a  single  operation.  The  molds 
be  properly  assembled,  cleaned,  and  oiled  when  so  ordered  before  any 
■ete  mortar  is  placed  therein.  The  reinforcing  metal  must  be  so  held 
e  required  position  that  it  will  not  be  displaced  during  manufacture 
i  pipe.  For  cast  pipe  the  forms  shall  not  be  removed  until  the  con- 
is  at  least  twelve  (12)  hours  old,  and  after  removal  unless  steam  cured, 
ape  must  be  covered  and  be  kept  wet  at  least  ten  (10)  days.  Pipe 
factured  when  the  atmospheric  temperature  may  drop  below  35°F. 
be  so  protected  that  the  concrete  threin  will  not  at  any  time  have  a 
erature  below  35°F.,  until  the  concrete  is  at  least  seven  (7)  days  old. 
shall  not  be  shipped  for  use  that  is  less  than  fourteen  (14)  days  old. 
inf or  cement. — All  pipe  shall  be  reinforced  as  herein  specified.  Pipe 
j  thirty  (30)  inches  in  diameter  shall  have  a  single  line  of  reinforcement, 
r  (30)  inches  and  above,  two  lines  of  reinforcements  as  shown  in  the 
below  or  an  approved  method  of  reinforcement  developing  equivalent 
gfch. 

gle  lines  of  reinforcement  shall  be  placed  at  equal  distances  from  the 
;  and  outside  surfaces  of  the  pipe. 

uble  lines  of  reinforcement  shall  be  placed  parallel  to  each  other  and 
1)  inch  from  the  inside  and  outside  surface  walls  of  the  pipe,  other 
rements  to  be  as  above  denned  for  single-line  reinforcements, 
igitudinal  reinforcement  shall  extend  full  length  of  each  section  and 
:he  bell,  and  shall  be  wired  or  otherwise  securely  fastened  to  the  body 
)ell  reinforcement. 

cular  reinforcement  shall  extend  completely  around  the  pipe  and  have 
ent  lap  not  less  than  forty  (40)  diameters  of  the  circular  reinforcement 
>e  firmly  fastened  together. 

e  thickness  of  the  pipe  walls  and  total  cross-sectional  area  of  circular 
ongitudinal  reinforcement  for  the  different  sizes  of  the  pipe  shall  be 
;ss  than  those  shown  in  the  table  given  below: 


trr- 

er 

ipe, 

hes 

Cast  pipe                Machine-made  pipe 

Longitudinal 
reinforcing 

cnpii    j     Minimum 

+-u-„%     1  area  of  circu- 

thl^k-      lar  reinforc- 
ness,       •               r     j. 

inches      mgJ3jrl 
01  pipe 

Shell 
thick- 
ness, 
inches 

Minimum 
area  cf  circu- 
lar reinforc- 
ing per  foot 
of  pipe 

Mini- 
mum 
number 
of  long 

Mini- 
mum 
total 
area 
long 

2 
5 
8 
4 
0 
6 
2 
8 

4 
0 

2 

2K 

2M 

3 
3H 

4 

4H 

5 

SY2 

6 

0.070 

0.096 

0. 123 

0. 180 

2X0. 167 

2X0. 200 

2  X  0.230 

2  X  0.265 

2  X  0.300 

2  X  0.330 

iH 

2 

2K 
3 
3 
3H 

4 

5 

0.093 

0. 123 

0. 160 

0.  220 

2X0.  210 

2  X  0.300 

2  X  0.320 

2  X  0.350 

2  X  0.390 

2  X  0.410 

4 
4 
4 
4 
8 
8 
8 
8 
12 
12 

0. 196 
0. 196 
0.16 
0. 196 
0.392 
0.614 
0.614 
1 .200 
1.326 
1.326 

t.ength. — When  supported  at  the  bottom  upon  a  knife  edge  one  (1)  inch 

X  dth,  or  upon  two  rounded  bearings  centered  two  (2)  inches  apart,  in 

Bmanner  than  an  even  bearing  is  provided  throughout  the  whole  length, 

(sive  of  the  bell,  and  load  is  applied  at  the  crown  through  a  similar 

edge,  all  pipe  twenty-four  (24)  inches  in  diameter  and  greater  shall 

tand,  without  the  appearance  of  a  visible  crack  extending  through  the 

length  of  the  pipe,  a  load  of  1000  D  lb.  per  lineal  foot  of  laying  length; 
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all  pipe  of  a  diameter  less  than  24  in.  when  tested  in  a  similar  manner 
withstand  a  load  of  1330  lb.,  as  specified  for  larger  size  pipe.  When  t< 
to  destruction,  all  pipe  of  twenty-four  (24)  inches  diameter  and  greater 
show  an  ultimate  strength  of  not  less  than  1500  D  lb.  per  lineal  fo 
laying  length;  all  pipe  of  a  diameter  less  than  twenty-four  (24)  inches  ; 
in  a  similar  manner,  show  an  ultimate  strength  of  not  less  than  2000 
per  lineal  foot  of  laying  length.  In  the  above  expression  of  load  D  i 
inside  diameter  of  the  pipe  in  feet. 

Absorption. — The  maximum  average  absorption  as  obtained  by 
A.  S.  T.  M.  standard  boiling  test  shall  not  exceed  eight  (8)  per  cent  by  we 

Testing. — Each  manufacturer  furnishing  pipe  under  these  specifica 
shall  be  fully  equipped  to  carry  out  the  tests  herein  designated.  Upo: 
demand  of  the  department  and  under  its  supervision,  the  manufac 
shall  perform  such  number  of  tests  as  the  department  may  deem  nece 
to  establish  the  quality  of  the  pipe  offered  for  its  use.  Failure  of  an^ 
of  pipe  to  meet  the  test  requirements  shall  be  sufficient  cause  for  reje 
of  all  pipes  of  that  size,  which  the  test  specimen  represents. 

Inspection. — All  pipes  shall  be  subject  to  inspection  at  the  factor 
point  of  delivery,  by  a  competent  inspector  employed  by  the  departi 
The  purposes  of  the  inspection  shall  be  to  cull  and  reject  pipes  which, 
pendent  of  the  physical  tests  herein  specified,  fail  to  meet  the  requirer 
of  these  specifications  and  rejection  through  inspection  may  be  mac 
account  of  any  of  the  following: 

(a)  Porous  spots  on  either  inside  or  outside  surface  of  pipe  havii 
area  of  more  than  ten  (10)  square  inches  and  a  depth  of  more  than 
half  inch. 

(b)  Pipes  which  have  been  patched  to  repair  porous  spots,  cracks  or  | 
defects. 

(c)  Variations  in  any  dimension  exceeding  the  permissible  variations  1 

(d)  Fractures  or  cracks  passing  through  the  body  or  bell,  except  t! 
single  crack  at  either  end  of  pipe  not  exceeding  three  inches  in  lengt] 
single  fracture  in  the  bell  not  exceeding  two  inches  in  depth  nor  extending 
than  10  per  cent  around  the  circumference  of  the  bell  will  not  be  consi 
cause  for  rejection. 

(e)  Failure  to  give  a  clear  ringing  sound  when  tapped  with  a  light  har 
(/)   Exposure  of  the  reinforcement  when  such  exposure  would  inc| 

that  the  reinforcement  was  misplaced.^ 

(g)  In  machine-made  pipe  the  entire  absence  from  the  exterior  st 
of  a  pipe  of  the  characteristic  water  marks  due  to  suction,  caused  b 
removal  of  the  outer  form,  shall  be  considered  proof  of  an  insufficient 
tity  of  mixing  water  and  shall  be  sufficient  cause  for  rejection  of  such 

Vitrified  Pipe 

Vitrified  pipe  shall  be  double-strength,  salt-glazed,  vitrified,  ston« 
sewer  pipe  of  the  first  quality  (for  dimensions  and  weights,  seep.  1 
The  item  will  include  the  furnishing  delivering,  handling,  laying,  and  cei 
ing  of  joints;  also  the  operations  of  excavating  the  trench,  bracing,  shei 
or  otherwise  supporting  the  sides,  grading  and  preparing  the  bottom, 
filling  and  compacting  to  the  original  surface,  and  the  removal  of  all  su 
material. 

115.  Reinforcing  Metal 

All  reinforcing  metal  shall  be  made  from  open-hearth  or  Bessemer 
complying  with  the  A.  S.  T.  M.  standard  requirements  of  tentative  s 
ards  for  the  type  of  steel  from  which  the  reinforcing  metal  is  required 
made. 

When  any  special  design,  shape,  or  form  of  reinforcing  metal  is  spe  I 
to  be  used,  the  same  shall  be  used  in  the  manner  and  in  the  quantity  reqt 
All  reinforcement  shall  be  placed  as  shown  or  as  otherwise  ordered  b 
engineer.  It  must  be  free  from  rust,  paints,  oils,  grease,  or  other  fo 
materials  that  will  prevent  the  proper  bond  being  secured  betweei 
concrete  and  the  metal.  All  reinforcement  must  be  straight  unless  ci 
or  special  shapes  are  required.  When  so  required,  they  must  hav« 
designated  shape  when  used. 

When  reinforcing  bars  or  rods  have  to  be  spliced,  the  lap  shall  bil 
less  than  forty  (40)  diameters  for  deformed  rods,  or  fifty  (50)  diameter 
plain  rods.  The  lapped  ends  shall  be  firmly  clamped  together  or  0 
wise  securely  fastened  in  a  manner  satisfactory  to  the  engineer.  All 
or  rods  shall  be  firmly  and  securely  fastened  together  in  a  satisfactory 
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t  all  intersections.  At  intersections  the  members  in  reinforcing  fabric 
be  welded  or  otherwise  securely  fastened. 

116.  Structural  Steel 

-uctural  steel  shall  be  prepared  from  a  steel  that  complies  with  the 
rements  given  in  Volume  16,  Part  1  of  the  A.  S.  T.  M.,  pages  99  and 
o  113.  A  coupon  giving  the  analysis  of  the  Melt  Number  from  which 
;eel  forms  or  structures  were  made  shall  be  furnished  with  each  shipment, 
lenever  any  special  forms  or  shapes  are  specified  to  be  used,  the  steel 

be  made  to  conform  to  such  shapes  and  dimensions.  The  methods 
in  manufacturing  the  steel  into  the  forms  required  shall  be  such  that 
teel  is  not  injured  thereby.  All  shearing  and  chipping  shall  be  neatly 
accurately  done,  and  all  portions  of  the  steel  which  will  be  exposed 
ew  must  be  neatly  finished.  All  holes  must  be  neatly  punched  and 
ng   and    bolting   performed   in   a    workmanlike   manner.     Undersized 

shall  be  reamed  to  size.  All  pins  and  rivets  must  be  full  size  and  fit 
•ately  at  normal  temperature. 

structural  steel  must  be  protected  from  the  weather  and  have  clean 
ces  before  being  worked  into  the  proper  shapes  or  forms.  When 
tures  are  required  to  be  painted  before  shipment,  the  surfaces  must  be 
ed  and  given  a  coat  of  an  approved  paint. 

117.  Miscellaneous  Iron  and  Steel 

cast-iron,  malleable-iron,  or  cast-steel  castings  shall  be  prepared  in 
lanner  and  from  a  metal  which  complies  with  the  A.  S.  T.  M.  require- 
s  as  defined  in  the  1918  Year  Book,  pages  406,  403,  and  220  respectively, 
len  any  special  size,  shape,  or  form  is  specified  to  be  used,  the  cast- 
lust  comply  with  these  dimensions.  All  castings  must  have  the  weight 
thickness  of  metal  as  specified  or  shown  on  plans.  They  must  be 
y  finished,  free  from  fins,  broken  edges,  blow-holes,  cracked  sections, 
irped  surfaces.  They  must  be  properly  protected  during  shipment 
Dainted  when  so  specified. 

118.  Guard  Rails 

lard  rails  shall  be  made  either  of  wood  or  galvanized  pipe  as  specified. 

imensions  or  sizes  of  materials  to  be  used  therefor  shall  be  as  specified. 

no  definite  size  or  character  of  material  as  specified  for  a  given  type  of 
rail,    the    material    furnished    shall   comply    with   the   requirements 

below  for  such  materials. 
JA.  Wooden  Guard  Rails. — The  lumber  used  in  all  wooden  guard  rails 

be  well  seasoned,  straight  grained,  sound,  surfaced  on  all  sides  and 
ee  from  shattered  or  cracked  ends,   barked  edges,  loose  or  unsound 
5,  and  reasonably  free  from  other  knots. 
e  wooden  rails  shall  be  made  from  long-leaf  yellow  pine,  chestnut,  or 

The  top  rails  or  caps  shall  be  two-inch  plank,  eight  (8)  inches  wide,  six- 
(16)  feet  long.      The  bottom  rail  shall  be  two-inch  plank  ten  (10)  inches 

and  sixteen  (16)  feet  long.     All  rail  plank  must  have  square  ends  for 
all  width  of  the  plank.     Rails  and  caps  shall  have  their  joints  on  alter- 
posts. 
sts  shall  be  made  from  chestnut,  oak,  locust,  white  or  red  cedar.     They 

not  be  less  than  seven  (7)  feet  in  length,  six  (6)  inches  square,  have 
op  ends  cut  to  the  bevel  required,  the  lower  end  off  square,  and  the 

four  (4)  feet  treated.  The  treatment  shall  consist  of  immersing  the 
',  in  a  bath  of  hot  tar.     The  tar  used  for  this  purpose  shall  be  Grade 

UJ,  as  defined  in  Articles  100A  and  100B.  The  tar  shall  be  heated 
een  225  and  27S°F.,  and  kept  at  this  temperature  during  the  treatment 
e  posts. 

ie  posts  shall  be  placed  in  a  vertical  position  in  the  hot  tar  for  not  less 
thirty  (30)  minutes,  or  as  much  loncer  as  is  needed  to  heat  the  lower 
(4)  feet  of  the  posts  to  the  same  temperature  as  the  tar.     Immediately 

removing  from  the  hot  tar,  it  shall  be  immersed  in  a  bath  of  cold 
f  the  same  grade  until  cooled  to  normal  temperature.  The  portion  of 
K>sts  treated  shall  be  slightly  in  excess  of  the  depth  that  the  posts  will 
aced  in  the  ground,  but  in  no  case  shall  the  treatment  extend  more  than 

)  inches  above  the  ground. 
8B.  Galvanized  Pipe   Rails. — All  pipe   shall  be  made  from  the  best 
;  of  galvanized  wrought-iron  pipe  that  is  equal  in  every  respect  to  the 
grade  of  "Byers*  wrought-iron  galvanized  pipe."     All  such  pipe  must 

an  even,  smooth  surface,  be  full  weight  and  thickness,  well  threaded, 
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and  free  from  rust  or  cracks.  All  fittings  used  in  pipe  guard  railing, 
be  galvanized  and  made  from  malleable  iron  that  is  free  from  flaws,  cr 
etc.  They  shall  be  neatly  threaded  or  bored  to  the  required  size  nc 
for  the  proper  installation  of  the  pipe. 

Steel  Cable 

Cable  shall  be  three-strand,  seven  wire  to  the  strand,  double-galvar 
steel- wire  cable  of  ££"  diameter.  Individual  wires  shall  be  not  less 
0.120"   diameter. 

The  minimum  tensile  strength  of  the  rope  shall  be  15,000  lb. 

Each  wire  of  the  cable  and  all  fittings  and  fastenings,  except  thn 
portions,  shall  be  galvanized  by  the  "hot  dip  method"  and  shall  h< 
continuous  coating  of  pure  zinc  of  a  uniform  thickness,  so  applied  that  i 
adhere  firmly  to  the  surface  of  the  wire,  and  it  shall  be  capable  of  withs 
ing  four  immersions  in  a  standard  testing  solution  of  copper  sulphate  wi 
showing  any  trace  of  metallic  copper  on  the  steel.  The  first  three  immei 
shall  be  for  a  period  of  1  min.  each  and  the  fourth  immersion  for  a  per 
M  min. 

The  threaded  portions  of  all  fittings  and  fastenings  shall  have  a  contii 
coating  of  pure  zinc  of  a  uniform  thickness,  so  applied  that  it  will  a 
firmly  to  the  surface  of  the  thread,  and  it  shall  be  capable  of  withstandin 
immersions,  of  1  min.  each,  in  a  standard  testing  solution  of  copper  sul 
without  showing  any  trace  of  metallic  copper  on  the  steel. 

These  threaded  portions  shall  receive,  after  erection,  two  coats  of  alum 
paint  meeting  the  requirements  under  Materials  of  Construction. 

119.  Timber  and  Lumber 
General. — All  timber  or  lumber  shall  be  well  seasoned,  straight  gn 
sound,  free  from  loose  knots,  worm  holes,  shattered  or  cracked  ends,  b. 
edges,  or  other  defects  that  impair  its  strength  or  durability  for  th 
intended.  It  must  be  cut  or  sawed  to  the  specified  size  and  dimen 
and  when  painting  is  required,  must  be  surfaced  on  all  faces  to  be  pa: 
It  must  be  of  sufficient  length  to  give  square  ends  for  full  width  of  the  1 
specified. 

When  a  special  kind  or  grade  of  timber  or  lumber  is  specified,  this 
or  grade  must  be  furnished.  When  no  kind  or  grade  is  specified,  the 
may  be  white  oak,  chestnut,  long  leaf  yellow  pine.  Timber  for  t 
piling  must  withstand  the  specified  driving  without  spreading  or  < 
brooming  of  the  head.  It  must  be  not  less  than  six  (6)  inches  in  dia 
at  the  point  or  ten  (10)  inches  at  the  butt.  It  must  have  a  uniform 
from  butt  to  tip,  have  the  bark  removed,  be  free  from  short  bends,  . 
straight  line  from  the  center  of  the  butt  to  the  center  of  the  tip  sh. 
wholly  within  the  body  of  the  pile.  All  knots  or  blemishes  must  be 
med  off  close  and  even  with  the  body  of  the  pile.  The  lower  ends  sh 
cut  square  or  tapered  as  may  be  directed  by  the  engineer. 

Timber  or  lumber  to  be  creosoted,  unless  otherwise  specified,  shall 
ply  with  the  requirements  given  above  and  shall  be  long-leaf  yellow 
It  mu-t  be  treated  with  the  creosote  oil  described  in  paragraph  102 
the  treatment  so  performed  that  the  wood  will  absorb  not  less  than  t 
(12)  pounds  of  oil  per  cubic  foot  for  lumber  having  a  minimum  cross-s< 
not  over  four  (4)  inches,  or  eight  (8)  pounds  per  cubic  foot  for  lumber  h 
a  minimum  cross-section  of  not  less  than  six  (6)  inches. 

Log  Cribbing  (U.  S.  Forest  Road  Specifications) 

Log  cribbing  shall  be  built  to  the  lines  and  grades  given  by  the  enf 
and  constructed  in  conformity  with  the  plans  or  as  directed  by  the  eng 

Materials. — The  contractor  shall  secure  and  prepare  or  shall  furni 
his  own  expense  all  necessary  logs,  timber,  hardware,  etc.,  under  the  c 
tions  and  as  called  for  under  the  heading  "Material"  for  "Log  Bridges 

Construction. — The  cribbing  shall  be  supported  on  mudsills  with  flat 
luv/er  surfaces  placed  as  shown  on  the  plans.  . 

All  logs,  including  face  logs,  tie  logs,  mudsills  and  anchor  logs,  shx| 
properly  notched  together  and  drift  bolted  as  shown  on  the  plans. 

The  minimum  lengths  and  sizes  of  logs  shall  be  as  shown  on  the  1 
Each  course  of  logs  shall  break  joint  with  the  adjacent  courses.  The  le 
of  tie  logs  required  for  the  proper  support  and  anchorage  of  the  cri 
shall  be  as  determined  by  the  engineer. 

The  face  and  tie  logs  are  to  be  so  notched  together,  and  hewn  if  neces 
that  the  face  logs  will  be"  in  contact  with  each  other  throughout  their  1 
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,  except  that  in  case  a  satisfactory  rock  backfill  is  placed  against  the 
ogs  the  engineer  may  permit  open  spaces  not  exceeding  4  inches  in 
between  the  face  logs.  When  permission  to  use  such  spaces  is  given. 
jck  backfill  shall  be  carefully  placed,  using  the  larger  rocks  adjacent 
logs  and  backing  up  with  the  smaller  rocks  in  such  manner  that  earth 
ner  material  will  not  escape  or  be  washed  out. 

rment. — Payment  will  be  made  by  the  linear  foot  of  face  logs  in  place 
lete  at  the  unit  bid  price,  which  price  shall  include  the  furnishing  and 
g  of  transverse  mudsills,  tie  logs,  anchor  logs  and  drift  bolts.  Such 
)id  price  shall  be  payment  in  full  for  all  materials,  labor,  excavation, 
Uing  and  incidental  work  required  for  the  construction  of  the  cribbing 
ete.  The  measurement  of  log  cribbing  shall  include  only  the  linear 
f  face  logs,  or  longitudinal  mudsills  when  such  are  used,  and  will  not 
e  transverse  mudsills,  tie  logs  or  anchor  logs. 

120.  Paints 

A.  General. — All  paints  shall  be  shipped  in  strong,  substantial  con- 
's, plainly  marked  with  the  name  and  weigh  tof  paint  content,  and 

and  address  of  the  manufacturer.  When  so  requested,  samples  and 
sis  of  all  pigments,  oils,  thinners,  or  driers  used,  or  paints  furnished 
be  supplied  by  the  manufacturer  within  ten  (ro)  days  after  request  is 
therefor. 

nts  shall  consist  of  pigments  of  the  required  fineness  and  composition, 
d  to  the  desired  consistency  in  raw  or  boiled  linseed  oil,  to  which  shall 
ded  additional  oil,  and  a  thinner,  or  a  drier,  or  both.  All  pigments, 
runners,  and  driers  used  shall  be  of  the  best  quality,  free  from  adulter- 
f  any  kind,  and  shall  comply  with  the  requirements  given  below  for 
materials. 

B.  Paint  Paste. — All  paint  paste  shall  consist  of  the  specified  pig- 
or  pigments  ground  in  linseed  oil  to  the  required  consistency.  The 
must  be  so  prepared  that  it  is  uniform  in  composition  and  consistency, 
ot  cake  or  segregate  in  the  retainers,  and  will  easily  break  up  in  oil 

Bm  a  smooth,  uniform  paint  of  brushing  consistency  which  will  not  run 
Big.  The  color,  hiding  power,  and  weight  per  gallon  when  specified 
■be  the  same  or  equal  to  the  approved  sample. 

BC.  Ready  Mixed  Paints. — To  prepare  a  paint  so  that  it  will  have  the 
Bed  consistency  and  curing  properties  for  the  use  intended,  the  paste 
B>e  mixed  with  sufficient  linseed  oil,  turpentine,  and  drier  to  produce  a 
■having  these  properties.  Unless  otherwise  specified,  the  exact  quan- 
Bt  linseed  oil,  turpentine,  and  drier  required  for  this  purpose  shall  be 
Bhined  by  the  engineer. 

■D.  Raw  and  Boiled  Linseed  Oil. — Raw  linseed  oil  must  be  strictly 

Blwell-settled  linseed  oil,  perfectly  clear  and  not  show  any  sediment  or 

i "  more  than  two-tenths  (0.2)   per  cent  when  heated  for  one-half  (3>^) 

.t  temperature  between  105  and  I30°C. 

ed  linseed  oil  shall  be  made  by  heating  the  raw  linseed  oil  to  at  least 
with  oxides  of  lead  and  manganese  for  a  sufficient  length  of  time  to 
the  proper  combination  of  the  constituents.      After  this  it  shall  be 

lyclarified  by  settling  or  other  suitable  treatment. 
oil  shall  be  rejected  if  it  shows  the  presence  of  any  foreign  matter, 

than  lead  or  manganese  or  compounds  of  these  metals. 

7  and  boiled  linseed  oil  shall  conform  to  the  following  requirements: 


Material 


Raw  linseed  oil  .Boiled  linseed  oil 


Tests 


j    Mini- 
mum 


Maxi- 
mum 


Mini- 
mum 


Maxi- 
mum 


■Specific  gravity  at  i5.5°C./i5.5°C. 

BKcid  number 

13 Saponification  number 

BJJnsaponificable  matter,  per  cent. 

BRefractive  index  at  25°C 

BJodine  number  (Hanus) 

*.7^sh,  per  cent 

■Manganese,  per  cent 

■Calcium,  per  cent 

■Lead,  per  cent 


0.932 

189 

1-479 
180 


0.936 
6.00 
195 
1.50 
1.4805 


0.937 

189 

1-479 

178 
0.2 
0.03 

o.  1 


0.945 
8.00 
195 
1.50 
1.484 

0.7 

0.3 


1 
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120E.  Turpentine  or  Thinner. — Turpentine  shall  be  the  distillate 
monly  known  as  Gum  Turpentine  or  Spirits  of  Turpentine  which  is  dis 
from  pine  oleoresins  or  the  product  secured  from  resinous  wood  by  extra 
with  volatile  solvents,  by  steam  or  by  destructive  distillation.  Eitl 
both  of  these  two  products;  gum  spirits  or  wood  turpentine,  shall  b 
nished  for  use  when  so  specified. 

The  turpentine  shall  be  clear  and  free  from  suspended  matter  and  ^ 

The  color  shall  be  Standard  or  better. 

The  specific  gravity  shall  not  be  less  than  0.862  nor  more  than  o.S 
I5.5°C. 

The  refractive  index  at  I5.5°C.  shall  not  be  less  than  1.468  nor  more 
1.478. 

The  initial  boiling  point  shall  not  be  less  than  150  nor  more  thanii 

Ninety  (90)  per  cent  of  the  turpentine  shall  distil  below  i7o°C. 

The  polymerization  residue  shall  not  exceed  two  (2)  per  cent,  a  | 
refractive  index  at  I5.5°C.  shall  not  be  less  than  1.500. 

120F.  Drier. — The  drier  shall  be  composed  of  lead  and  manganese 
in  combination  with  pure  linseed  oil  and  solvent.     It  must  be  fret 
adulterants,  sediment  and  suspended  matter.     It  shall  not  flash  below 
in  an  open  tester  or  72°F.  in  a  closed  Abel  tester. 

120G.  Pure  White  Lead.  Dry  Pigments. — The  pigment  shall  be  a 
basic  carbonate  of  lead  of  the  formula  2PbC03PbOH2,  containing  sixt 
(65)  to  seventy-five  (75)  per  cent  of  lead  carbonate,  and  not  more  tha 
(2)  per  cent  of  total  impurities,  including  moisture.  It  shall  be  groi 
such  fineness  that  it  will  all  pass  a  200-mesh  sieve  and  contain  no 
than  two  (2)  per  cent  material  retained  on  a  325-mesh  sieve. 

Paste. — The  paste  shall  be  the  dry  pigment  ground  in  oil  in  the  m 
specified  above.     It  shall  consist  of: 


Percentages 


Minimum 


Maxin 


Pigment 

Linseed  oil 

Moisture  and  other  volatile  matter 

Coarse  particles  and  "skins"  (total  residue 
retained  on  a  325-mesh  sieve  based  on  pig- 
ment)   


92. 

10. 

0. 


Ready-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared  frc 
paste  in  the  manner  specified  above. 

120H.  Pure  Zinc-oxide  Paint.  Dry  Pigment. — The  dry  pigmen 
consist  of  pure  oxide  of  zinc  which  shall  contain  not  less  than  ninet; 
(98)  per  cent  of  zinc  oxide  nor  more  than  two-tenths  (0.2)  per  c 
sulphur  or  two  (2)  per  cent  of  total  impurities  including  moisture 
pigment  shall  be  so  ground  that  it  will  all  pass  a  200-meph  sieve. 

Paste. — The  paste  shall  be  the  dry  pigment  ground  in  oil  as  above  spi 
It  shall  consist  of: 


Percentages 


Minimum 


Maxir 


Pigment 

Linseed  oil 

Coarse  particles  and  "skins"  (total  residue 

left  on  a  200-mesh  sieve,  based  on  pigment) 

Moisture  and  other  volatile  matter 


86. 
18. 

0. 
0. 
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idy-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared  from  the 

in  the  manner  specified  above. 

I  Red  Lead.     Dry  Pigment. — The  dry  pigment  shall  consist  entirely 

oxides  of  lead  which  shall  contain  from  eighty-five  (85)  to  ninety-five 

per  cent  of  PB3O4,  not  more  than  one  (1)  per  cent  of  total  impurities 

hall  be  so  ground  that  not  more  than  three-tenths   (0.3)   per  cent  is 

led  on  a  200-mesh  sieve. 

te. — The  paste  shall  be  the  pigment  ground  in  oil  as  above  specified. 

dl  consist  of: 


Percentages 

Minimum 

Maximum 

nent 

02 
6 

94  O 
8.0 
0.5 

0.5 

rse  particles  and  "skins"   (total  residue 
ft  on  a  200-mesh  sieve) 

\dy-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared  from  the 
in  the  manner  specified  above. 

resulting  paint,  when  mixed  in  the  proportions  given  below  and 
;d  on  a  smooth,  vertical,  iron  surface,  shall  dry  hard  and  elastic  without 
ig,  streaking,  or  sagging. 


Red-lead  paste 20  lb. 

Raw  linseed  oil 4^  pt. 

Turpentine 2  gills 

Liquid  drier 2  gills 

J.  Leaded  Zinc  Oxide.  Dry  Pigment. — The  dry  pigment  shall  be  a 
inc  oxide  and  a  normal  or  basic  lead  sulphate.  The  pigment  shall  be 
und  that  it  will  all  pass  a  200-mesh  sieve  and  the  zinc  oxide  shall  not 
n  more  than  one  (1)  per  cent  of  soluble  salts  nor  more  than  one  and 
nths  (1.5)  per  cent  of  total  impurities  including  moisture. 
3  type  of  paint  shall  be  divided  into  two  brands,  High  Leaded  and  Low 
The  high-leaded  paint  shall  contain  not  less  than  sixty  (60)  per 
f  zinc  oxide  and  the  low-leaded  paint  not  less  than  ninety-three  (93) 
af  zinc  oxide,  the  remaining  pigment  in  each  case  to  be  a  normal  or 
ead  sulphate. 

■e. — The  paste  shall  be  the  dry  pigment  ground  in  oil  as  above  specified. 
11  consist  of: 


Percentages 


Minimum         Maximum 


tent 

ed  oil 

ture  and  other  volatile  matter 

se  particles  and  "skins"  (total  residue 
t  on  a  200-mesh  sieve  based  on  pigment) 


88.0 
0.5 
0.5 


'y-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared  from  the 
a  the  manner  specified  above. 
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120K.    White    Basic    Sulphide.     Dry   Pigment. — The  pigment  shal 
the  sublimated  product  prepared  from  lead  sulphide  ores.     The  pigment  j 
be  so  ground  that  it  will  all  pass  a  200-mesh  sieve,  contain   not  more 
five-tenths  (0.5)  per  cent  of  material  retained  on  a  325-mesh  sieve  and 
the  following  composition: 

Lead  oxide eleven  (11)  to  eighteen  (18)  pel 

Zinc  oxide not  more  than  nine  (9)  pei 

Total  impurities,  including  moisture not  more  than  one  (1)  pei 

The  remainder  shall  be  lead  sulphide. 

Paste. — The  paste  shall  be  the  pigment  ground  in  oil  as  above  spei 
It  shall  consist  of: 


Percentages 


Minimum  Maxim 


Pigment 

Linseed  oil 

Moisture  and  other  voiatile  matter 

Coarse  particles  and  "skins'  (total  residue 
retained  on  a  325-mesh  sieve,  based  on 
p.gment) 


89 
9 


91. ( 

11. < 
0.' 


Ready-mixed  Paint — The  ready-mixed  paint  shall  be  prepared  fro 
paste  in  the  manner  specified  above. 

120L.    Tinted  Paint  with  White  Base.    Dry  Pigment. — The  ingre  | 
used  in  preparing  this  pigment  shall  comply  with  the  requirements 
above  for  said  ingredients.      The  pigments  shall  be  composed  of: 


Percentages 

Minimum 

Maxin 

White  lead  (basic  carbonate,  basic  sulphate, 
or  a  mixture  thereof) 

Zinc  oxide  (ZnO) 

Silica,  magnesium  silicate,  aluminum  silicate, 
barium  sulphate,  pure  tinting  colors,  or 
any  mixture  thereof 

45 
30 

0 

70 
55 

15 

In  no  case  shall  the  sum  of  the  basic  lead  carbonate,  basic  lead  sul 
and  zinc  oxide  be  less  than  eighty-five  (85)  per  cent  of  the  mixture, 
lead  and  zinc  pigments  may  be  introduced  in  the  form  of  any  mixtui 
pared  from  basic  carbonate  white  lead,  basic  sulphate  white  lead,  zinc 
or  leaded  zinc,  provided  the  above  requirements  as  to  composition  ar 

Liquid. — The  liquid  in  semipaste  paint  shall  be  entirely  pure,  raw  on 
linseed  oil;  in  ready-mixed  paint  it  shall  contain  not  less  than  ninet 
per  cent  pure  raw  linseed  oil,  the  balance  to  be  combined  drier  and  tfc 
The  thinner  shall  be  turpentine,  volatile  mineral  spirits,  or  a  mixture  tl 

Semipaste. — The  paste  shall  be  the  pigment  ground  in  oil  as  above 
fied.  It  shall  mix  readily  in  all  proportions  without  curdling  with  linse 
turpentine,  or  volatile  mineral  spirits,  or  any  combination  of  thesi 
stances  The  color,  hiding  power,  and  weight  per  gallon  when  spe 
shall  be  not  less  than  that  of  the  approved  sample.  The  paste  shall  c 
of: 
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Percentages 

Minimum 

Maximum 

73 
23 

77-0 

27.0 

0.7 

0.5 

isture  and  other  volatile  matter 

irse  particles  and  "skins"  (total  residue 
n  a  200-mesh  sieve  based  on  pigment) .  .  . 

ady-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared  from  the 
in  the  manner  specified  above.  The  weight  per  gallon  shall  be  not  less 
fifteen  and  three-quarter  (15%)  pounds.      The  paint  shall  consist  of: 


1 
Percentages 

Minimum 

Maximum 

ment 

aid    (containing    at    least    90    per    cent 

nseed  oil) 

ter 

62 
34 

66.0 

38.0 
0.5 

0.5 

.rse  particles  and  "skins"  (total  residue 
stained   on  a   200-mesh   sieve,   based   on 

MiM.  Graphite.  _  Dry  Pigment. — The  dry  pigment  shall  be  a  pure, 
flal  flake  graphite  and  silicate  rock  to  which  may  be  added  a  small 
■itage  of  carbon  black,  iron  oxide,  or  other  oxides  needed  to  secure  a 
■  d  tint  or  color.  The  pigment  shall  be  so  ground  that  it  will  all  pass  a 
Biesh  sieve  and  contain  not  more  than  ten  (10)  per  cent  of  material  retained 
M25-mesh  sieve.  The  prepared  pigment  must  contain  not  less  than  forty- 
WXS)  per  cent  of  natural  graphite. 

lie. — The  paste  shall  be  the  pigment  ground  in  oil  as  above  specified. 
1.11  consist  of: 


Percentages 


Minimum         Maximum 


nent 

eed  oil 

sture  and  other  volatile  matter 

se  particles  and  "skins"  (total  per  cent 
1  a  325-mesh  sieve,  based  on  the  pigment) 


62 
34 


66.0 
38.0 
0.80 

6.0 


dy-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared  from  the 
in  the  manner  specified  above. 

:  resulting  paint  when  mixed  in  the  proportions  given  below,  and 
d  on  a  smooth,  vertical,  iron  surface  shall  dry  hard  and  elastic  without 
lg,  streaking,  or  sagging.     It  shall  consist  of: 
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Percentages 


Minimum 


Maxiim 


Pigment 

Boiled  linseed  oil 

Japan  drier 

Turpentine  and  volatile  matter 


30 

65 

5 

3 


35 

70 

6 

6 


CLEARING  AND  GRUBBING  (WASHINGTON  STATE 
SPECIFICATIONS; 

Clearing. — The  right-of-way  must  be  cleared  to  the  width  of  

on  each  side  of  the  center  line,  or  as  shall  be  designated  by  the  engi 
all  trees,  brush,  and  other  vegetable  matter  within  the  space  desigi 
to  be  cut  down,  and  the  same,  together  with  all  other  logs,  brushwood 
fences  already  down,  shall  be  burned  or  removed  from  the  ground 
the  engineer  may  direct,  so  as  not  to  injure  the  adjoining  lands  or  to  obs 
the  line  of  the  fences  along  the  boundaries  of  the  said  right-of 
When  the  embankments  exceed  two  feet  in  height  it  will  be  required  to  ci 
trees,  brush,  and  stumps  close  to  the  ground. 

Light  clearing  shall  include  the  removal  of  all  standing  trees  of  { 
up  to  one  foot  in  diameter,  together  with  all  other  logs,  brush,  and 
vegetable  matter  already  down  or  lying  loose  on  the  ground. 

Heavy  clearing  shall  include  the  removal  of  all  standing  trees  ove 
foot  in  diameter,  together  with  all  other  logs,  brush,  and  other  vegc 
matter  already  down  or  lying  loose  on  the  ground. 

Grubbing. — From  the  space  required  for  the  roadbed  and  nec< 
slopes  and  side  drains,  and  whatever  additional  space  may  be  requir 
the  engineer,  except  where  the  excavations  are  three  feet  or  more  in  c 
vegetable  matter  embedded  in  the  ground  shall  be  grubbed  up,  and  rer 
or  disposed  of  as  the  engineer  may  direct,  and  only  the  area  so  gr 
shall  be  estimated. 

Clearing  and  Grubbing  (U.  S.  Forest  and  Road  Specifications) . — Tbi 
shall  include  all  clearing,  grubbing,  and  disposal  of  timber. 

The  right-of-way  must  be  cleared  on  each  side  of  the  center  line  < 
road  to  the  full  width  indicated  by  the  plans,  or  as  the  engineer  may  re 
All  trees,  brush  and  other  vegetable  matter  within  the  space  designated 
be  cut  down  and  all  tree  branches  extending  into  the  right-of-way 
hang  within  20  feet  of  the  ground  shall  be  cut  off.  The  edge  of  the  cl< 
shall  present  a  fairly  regular  and  uniform  alignment,  except  that  fine 
mens  of  trees  shall  be  left  standing  when  in  the  judgment  of  the  en 
they  will  not  be  injurious  to  the  road.  All  stumps  and  all  trees,  the  s1 
of  which  are  not  to  be  grubbed,  shall  be  cut  not  more  than  two  feet  abo 
ground. 

From  the  space  required  for  the  roadbed  and  necessary  slopes  am 
drains  except  where  the  embankments  at  the  point  in  question  are  thre 
or  more  in  height,  all  stumps,  large  roots,  and  other  imbedded  wc 
vegetable  matter  shall  be  grubbed  or  blasted  from  the  ground. 

The  contractor  will  be  required  to  use  merchantable  timber  cut  fro 
right-of-way  for  the  drainage  or  other  structures  for  which  it  may  be  su 
and  for  which  he  would  otherwise  be  compelled  to  cut  merchantable  t 
from  adjacent  government  land.  All  clear  and  sound  logs  or  poles  fc 
a  top  diameter  of  four  inches  or  more  and  a  length  of  four  feet  or  moi 
be  considered  as  merchantable  timber  in  the  operations  under  these  s 
cations.  The  merchantable  timber  in  excess  of  that  needed  in  the  con 
tion  of  the  road  which  must  be  cut  in  the  clearing  of  the  right-of-waj 
be  felled  in  the  right-of-way,  cleared  of  limbs  and  brush,  sawed  intc 
standard  lengths  as  may  be  designated  by  the  engineer  and  skiddec 
workmanlike  piles  at  the  edge  of  the  right-of-way,  before  grading  is  1 
taken.  The  title  to  all  such  timber  cut  from  National  Forest  lands 
remain  with  the  United  States  subject  to  disposal  by  the  Forest  Se 
U.  S.  Department  of  Agriculture,  under  its  regular  procedure. 
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11  other  than  merchantable  trees,  together  with  all  brush,  stumps,  roots, 
other  debris,  must  be  placed  in  neat  conical  piles  with  the  small  materia  1 
le  bottom  and  the  large  limbs  and  other  materials  stacked  on  the  outside 
le  pile  in  such  a  manner  as  to  be  completely  consumed  when  the  pile  is 
led.  In  case  the  burning  is  to  precede  the  construction  operations,  the 
may  be  placed  in  the  center  of  the  right-of-way,  otherwise,  the  piles 
ild  be  placed  in  the  most  convenient  place  to  the  side  of  the  right-of-way 
re  they  may  be  burned  without  damage  to  the  surrounding  forest  cover. 

0  case  will  it  be  permissible  to  merely  throw  the  refuse  outside  of  the 
of-way  or  to  place  it  in  windrows  at  the  side  of  the  right-of-way. 

le  material  placed  in  piles  shall  be  burned  by  the  contractor  at  such  time 
in  such  manner  as  absolutely  to  prevent  the  fire  from  spreading  to  areas 
ining  the  right-of-way. 

rticular  care  must  be  exercised  to  avoid  producing  an  unsightly  appear- 
by  burning  or  scorching  green  trees  standing  along  the  edge  of  the  right- 
ay.  Any  trees  permanently  defaced  in  this  manner  shall  be  cut  down 
disposed  of  as  the  engineer  may  direct. 

lien  upon  the  advice  of  the  Forest  Supervisor  of  the  Natural  Forest  con- 
d  the  engineer  determines  that  the  proper  protection  of  the  National 
st  from  fire  demands  that  burning  operation  shall  be  discontinued,  the 
ractor  shall  make  such  disposal  on  the  ground  of  the  material  as  the 
leer  may  indicate. 

EXCAVATION  (WASHINGTON  STATE  SPECIFICATIONS) 
ider  the  head  of  excavation  shall  be  included  all  excavations  required 
he  formation  of  the  roadbed,  the  digging  of  all  ditches,  cutting  new 
nels  for  streams,  preparing  foundations,  the  altering  of  all  highway  or 
ite  roads  and  all  excavations  in  any  way  connected  with  or  incidental 
le  construction  of  the  road,  and  the  expense  of  hauling  and  depositing 

in  embankments  wherever  required. 
abankments. — Under   the    head    of    embankments    shall    be    included 
nbankments  for  any  of  the  purposes  mentioned  not  formed  from  excava- 
taken  from  the  prism  of  the  road  or  other  necessary  excavations. 

1  grading  shall  be  done  and  estimated  by  the  cubic  yard,  measured 
e  excavation,  except  material  borrowed  for  embankment,  which  shall  be 
ured  in  embankment,  and  shall  be  comprised  under  heads,  viz.: 

rth,  Hard-pan,  Loose  Rock,  Solid  Rock,  Shell  Rock,  and  Solid  Rock. 

ow. 

rth. — Earth  will  include  clay,  sand,  loam,  gravel,  and  all  hard  material 

can,  in  the  opinion  of  the  chief  engineer,   be  reasonably  plowed,  and 

rthy  matter  or  earth  containing  loose  stones  or  boulders  intermixed, 
all  other  material  that  does  not  come  under  the  classification  of  hard- 
loose  rock,  solid  rock,  shell  rock,  and  solid  rock  borrow. 

rd-pan. — Hard-pan  will  include  material,  not  loose  or  solid  rock, 
cannot,  in  the  opinion  of  the  chief  engineer,  be  reasonably  plowed  on 

t  of  its  own  inherent  hardness. 
ose  Rock. — Loose  rock  will  include  all  stone  and  detached  rock,  found 
parate  masses,  containing  not  less  than  one  cubic  foot,  nor  more  than 

alf  cubic  yard,  and  all  slate  or  other  rock,  soft  or  loose  enough  to  be 
ved  without  blasting,  although  blasting  may  occasionally  be  resorted  to. 
lid  Rock. — Solid  rock  will  include  all  rock  in  place,  and  boulders  meas- 

one-half  cubic  yard  and  upwards,  in  removing  which  it  is  necessary 
sort  to  drilling  and  blasting. 
sll-rock    Excavation. — Shell-rock  excavation  will  include  all  deposits 

sed  entirely  of  rock  in  masses  of  less  than  one  cubic  foot  which  have 
;n  off  from  the  cliffs  above  the  roadbed,  but  will  only  be  estimated 

in  large  deposits. 

id  Rock  Borrow. — Solid  rock  borrow  shall  consist  of  solid  rock,  accord- 

»  above  classification,  excavated  outside  of  the  regular  cross-sections 
cuts  for  the  roadbed,  and  placed  and  measured  in  embankment. 

NATION  (NEW  YORK  STATE  SPECIFICATIONS,  ITEMS  NO.  2 

TO  46) 

Item  2 — Earth  Excavation 
Item  3 — Rock  Excavation 

.  Under  these  items  the  Contractor  shall  grade  the  entire  length  of 
/ay,  ditches  and  side  slopes  to  the  required  lines  and  grades;  shall  make 
cavations  for  culverts,  underdrains,  catch  basins,  leaching  basins,  and 
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other  structures  except  posts;  shall  grade  connecting  public  highway 
directed  and  remove  spongy  material  from  the  subgrade  to  the  de 
required — all  as  shown  on  the  plans  or  as  directed  by  the  engineer. 

This  item  includes  the  excavation,  filling,  and  rolling  necessary  to  i 
plete  the  road  and  all  structures  connected  therewith  except  as  noted  al 
and  includes  the  removal  of  all  objectionable  material  for  the  full  widl 
the  improvement  except  as  noted  under  section  i.i,  and  the  filling  tc 
required  grade  with  acceptable  material  of  all  areas  originally  below 
required  grade,  or  excavated  below  grade  under  orders  of  the  engineer. 

Backfill  for  structures,  old  macadam  excavated,  and  sod  ordered  rem 
from  the  site  of  a  new  embankment,  shall  be  paid  for  as  Earth  Excava 

2.2.  All  suitable  materials  from  the  excavation  shall  be  used  so  fi 
practicable  in  making  embankments,  building  up  low  places  on  the 
grade  or  shoulders,  and  such  other  places  as  directed. 

2.3.  Surplus  material  shall  be  placed  in  embankments,  shall  be  use< 
extending  the  shoulders  or  shall  be  deposited  in  spoil  banks,  as  dirt 
by  the  engineer.     All  surplus  materials  shall  be  removed  and  disposed 
directed  by  the  engineer  before  the  subgrade  or  shoulder  rolling  is  comp 
and  before  any  stone  is  placed  on  the  roadway. 

2.4.  If  there  is  not  sufficient  suitable  material  to  complete  the  gra 
and  to  bring  the  subgrade  to  the  required  height,  the  contractor  shall  bo 
additional  material  from  the  sides  of  the  roadway  or  from  other  borrow 
as  directed  by  the  engineer  so  that  the  established  grade  for  the  road,  emb 
ments,  etc.,  will  be  secured.  All  borrow  pits  outside  the  highway  sha 
acquired  by  the  contractor  at  his  own  expense,  and  any  borrow  pits  : 
adjacent  to  the  highway  shall  be  left  in  a  neat  and  satisfactory  cond 
and  shall  be  thoroughly  drained. 

2.5.  The  contractor  shall  remove  boulders  and  all  muck,  quicks 
soft  clay,  and  spongy  material  which  will  not  consolidate  under  the  r< 
from  the  subgrade  to  a  depth  to  be  determined  by  the  engineer,  and 
the  space  with  acceptable  materials  from  the  excavations,  or  with  stoi 
gravel,  as  directed.  If  stone  or  gravel  is  used,  the  same  will  be  paii 
at  the  contract  price  bid  for  item  Foundation  Course.  After  all  d 
have  been  laid  and  the  surface  of  the  subgrade  has  been  properly  shf 
it  shall  be  thoroughly  rolled  and  compacted  with  an  approved  self-prop 
roller  weighing  not  less  than  io  tons.  Water  puddling  shall  be  res< 
to  in  case  the  soil  requires  it.  Care  shall  be  taken  not  to  roll  clay  fot 
tions  too  much,  thus  developing  a  plastic  condition.  All  hollows 
depressions  which  develop  shall  be  filled  with  acceptable  material,  anc 
subgrade  shall  again  be  rolled.  This  process  of  filling  and  rolling  sh; 
repeated  until  no  depressions  develop.  In  places  where  the  charact 
the  material  makes  the  use  of  such  a  roller  impracticable,  a  ligher  one 
be  permitted.  The  subgrade  shall  not  be  muddy,  or  otherwise  un: 
factory  when  the  foundation  course  is  placed  upon  it.  All  culverts,  dit 
and  drains  shall  be  satisfactorily  completed  to  drain  effectively  the  higl 
before  the  placing  of  any  pavement  will  be  permitted.  _  The  shoulders  -ha 
rolled  and  left  in  a  compact  and  satisfactory  condition  at  the  compl 
of  the  pavement. 

2.6.  Embankment  shall  be  formed  of  suitable  materials.  If  forme 
stone,  all  reasonable  precautions  must  be  taken  to  insure  a  solid  emt 
ment.  The  upper  surface  of  the  embankment  shall  be  rolled  and  left 
satisfactory  condition  and  approximately  true  to  line  and  grades. 
stone  shall  not  project  within  6  inches  of  the  finished  subgrade,  an 
hollows,  and  depressions  shall  be  filled  with  the  smaller  stone  from 
excavation,  with  gravel  or  with  other  acceptable  material.  Ston 
embankments  shall  not  be  used  nearer  than  6  inches  to  the  surface  of  shou 

Where  the  filling  is  less  than  2  feet  in  depth  all  vegetable  matter  sha 
removed  from  the  original  surface.  Where  necessitated  by  the  exi 
slope,  the  original  surface  shall  be  trenched  or  otherwise  broken  upb 
placing  new  embankment  thereon. 

Where  the  depth  of  fill  is  less  than  6"  the  underlying  surface  mu 
plowed  or  scarified  to  get  a  good  bond.  The  price  for  such  work  is  incl 
in  the  price  bid  for  excavation. 

Embankment  shall  be  constructed  in  successive  horizontal  layers 
exceeding  12  inches  in  thickness;  when  concrete  is  to  be  placed  the 
these  layers  shall  not  exceed  6  inches  in  thickness.  Each  layer  shall  ex 
across  the  entire  fill  and  shall  be  thoroughly  rolled  and  compacted 
approved  methods.  If  impacticable  to  use  a  heavy  roller  for  this  w< 
grooved  roller  shall  be  used. 
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At  all  intersecting  public  highways  the  contractor  shall  grade  back 
sufficient  distance  with  acceptable  materials,  as  directed  by  the  engineer 
tat  a  smooth  riding  and  satisfactory  junction  will  be  produced. 
J.  The  quantity  of  excavation  to  be  paid  for  under  Items  2  and  3  shall 
le  number  of  cubic  yards  of  material,  measured  in  its  original  position, 
vated  and  disposed  of  as  directed  by  the  engineer,  and  the  limits  shall 
.xceed  those  shown  upon  the  plans  or  fixed  by  the  engineer, 
le  price  bid  for  Earth  Excavation  shall  include  the  removal  of  all  mate- 
as  specified  under  section   2.1 — except  as  provided  below  for  Rock 

vation, — the  placing  of  same  in  embankment  or  spoil,  the  rolling, 
jacting,  grading,  and  all  other  work  incidental  thereto. 

direct  payment  shall  be  made  under  Items  2  or  3  for  work  in  connection 

contractor's  plant,  nor  for  his  other  requirements  in  carrying  out  the 
isions  of  this  contract,  but  compensation  therefor  shall  be  considered 
iving  been  included  in  the  prices  stipulated  for  the  various  items  of  the 

act. 

e  price  bid  for  Item  3  shall  include  the  removal  of  all  boulders  of  more 
13   cubic  feet  and  all   hard   ledge  rock  and   the  placing  of  same  in 

nkment  or  spoil  if  not  used  under  other  items  of  the  contract,  and  rolling, 

cting,  grading,  and  all  other  work  incidental  thereto.  Boulders  of 
than  13  cubic  feet,  and  all  soft  or  disintegrated  rock  which  can  be 
ved  with  pick  and  shovel,  shall  not  be  paid  for  under  Rock  Excavation, 
under  Earth  Excavation.  The  price  bid  for  the  items  shall  include 
ibor,  materials,  supplies,  and  plant  and  incidentals  necessary  to  com- 

the  work. 

Item  4 — Overhaul 

,.  If  the  haul  on  any  material  either  from  cuts  or  borrow  pits  made 

cordance  with  directions  from  the  engineer  exceeds  2000  feet  it  shall 

assified  as  overhaul. 

r  each   100  feet  of  haul  greater  than  2000  feet  the  contractor  shall 

ve  the  price  bid  for  Overhaul  per  cubic  yard  of  all  material  so  moved, 

ured  in  its  original  position.1 

le  price  bid  shall  include  all  labor,  appliances,  and  incidentals  necessary 

mplete  the  work. 

CONSTRUCTION  METHODS 
Preparing  Fine  Grade2 

ider  this  item  the  contractor  shall  prepare  the  fine  grade  to  receive 
lent  in  conformity  with  the  lines  and  grades  as  shown  on  the  plans  or  as 
•ed  by  the  engineer. 

fore  any  paving  material  is  placed  upon  the  fine  grade  it  shall  be  shaped 
ne  and  grade  and  compacted  with  an  approved  self-propelling  roller 
liing  not  less  than  5  tons.  All  hollows  and  depressions  which  develop 
r  rolling  shall  be  filled  with  acceptable  material  and  shall  again  be  rolled, 
process  of  shaping,  rolling,  and  filling  shall  be  repeated  until  no  depres- 
develop.  The  subgrade  shall  not  be  muddy  or  otherwise  unsatisfactory 
.  the  pavement  is  placed  upon  it.  If  the  fine  grade  becomes  rutted  or 
iced  dueto  any  cause  whatsoever,  the  contractor  shall  regrade  same 
Wpnt  additional  payment. 

Be  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of  square 
■5  of  the  fine  grade  prepared  in  accordance  with  the  plans  or  the  orders 
He  engineer,  on  which  pavement  is  placed. 

lie  price  bid  per  square  yard  shall  cover  all  labor  and  incidental  work 
■ifying  if  necessary),  to  form,  trim,  and  compact  the  fine  grade  under- 
■1  the  pavement  to  the  lines  and  grades  as  shown  on  the  plans  or  as 
■red  by  the  engineer,  and  the  furnishing  and  placing  of  the  necessary 
■  on  any  scarified  area. 

STATE  HIGHWAY  DEPARTMENT  OF  TEXAS 
Item  32.  Subgrade  Treatment 
l.i.  Description. — This  item  shall  consist  of  treating  a  gumbo,  adobe,  or 
■*  faulty  subgrade  with  a  stabilizing  course  of  granular  material  to  perfect 
■mdation  for  base  courses,  surface  courses,  or  pavements.     It  shall  be 
Specifications  should  stipulate  that  the  amount  of  overhaul  will  be  com- 
•t'i  by  the  Mass  Diagram  Method, 
rflew  York. 
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constructed  in  accordance  with  the  specifications  and  in  conformity  with 
line,  grade,  and  typical  cross-section  shown  on  plans. 

32.2.  Materials. — The  materials  for  this  course  will  be  noted  on  the  pi 
In  general,  they  will  be  coarse  sand,  fine  gravel,  cinders,  or  other  1 
material  of  a  granular  nature,  of  such  quality  and  properties  as  the  engh 
may  approve  in  writing.  Unless  otherwise  prescribed,  the  material  shal 
such  that  all  will  pass  the  M"  screen,  and  40  %  will  be  retained  on  the  10-n 
screen. 

32.3.  Construction  Methods. — The  subgrade  to  be  treated  shall  have  t 
completed  to  line,  grade,  and  typical  cross-section.  The  granular  mat( 
shall  then  be  delivered  and  evenly  spread  on  the  subgrade  in  such  quan 
that  when  the  work  is  completed  the  requirements  of  the  typical  ci 
section  will  have  been  fulfilled.  It  shall  be  the  charge  of  the  contractor 
the  required  amount  of  material  shall  be  delivered  in  each  100'  station 
uniformly  distributed  throughout  each  station. 

32.4.  The  material  shall  then  be  incorporated  with  the  material  of 
subgrade  as  required  on  the  plans  and  rolled  and  sprinkled  as  directed, 
contractor  shall  work  and  dress  the  surface  as  directed  until  the  tre; 
subgrade  is  set  up  hard  and  smooth  in  accordance  with  the  grade  and  tyi 
cross-section  required,  and  so  maintained  until  the  proposed  base  cours 
surface  course  or  pavement  is  in  place. 

32.5.  Method  of  Measurement. — "Work  and  acceptable  material  furni: 
shall  be  measured  by  the  cubic  yard  of  material,  loose  measurement. 

32.6.  Basis  of  Payment. — The  material  furnished  as  prescribed  by 
item  shall  be  paid  for  at  the  contract  unit  price  per  cubic  yard  for  Subg 
Treatment  Material.  The  work  performed  as  prescribed  for  this  i 
measured  as  provided  above,  shall  be  paid  for  at  the  contract  unit  price 
per  cubic  yard  for  Subgrade  Treatment,  which  price  shall  be  full  com 
sation  for  loading  all  material,  hauling  not  over  J£  mile,  delivered  on  ther 
spreading  and  finishing,  all  labor,  equipment,  tools,  and  incidentals  neces 
to  complete  the  work  except  screening  material,  1  oiling,  and  sprink 
Hauling  material  into  each  quarter  mile  beyond  the  first  quarter  mile 
be  paid  for  at  the  contract  unit  price  per  cubic  yard  bid  for  Material  Ha 
Additional  Quarter  Mile.  Screening  will  be  paid  for  at  the  contract 
price  bid  per  cubic  yard  for  Screening. 

Item  39.  Foundation  Course,  Run-of-bank  Gravel1 

a.  Work. — Under  this  item  the  contractor  shall  furnish  and  pla 
foundation  course  of  run-of-bank  gravel  of  the  depth  and  in  the  pi 
called  for  on  the  plans  and  ordered  by  the  engineer. 

b.  Material  and  Placing.- — All  gravel  shall  be  of  hard,  durable  stone 
well  graded.  The  proportions  of  coarse  and  fine  particles  shall  be  s 
factory  to  the  engineer.  Before  using  run-of-bank  gravel  in  the  work 
same  shall  be  tested  to  determine  its  suitability.  Should  at  any  time  di 
the  work  and  for  any  reason  the  gravel  fail  to  maintain  suitable  propor 
of  the  coarse  and  fine  particles,  the  contractor  shall,  by  the  additio 
selected  material  and  satisfactory  manipulation,  produce  a  material  met 
the  above  requirements. 

No  segregation  of  large  or  fine  particles  will  be  allowed,  but  the  grav 
spread  shall  be  well  graded  with  no  pockets  of  fine  material. 

In  cases  where  the  finished  thickness  of  the  course  is  to  be  more  thai 
the  gravel  shall  be  spread,  rolled,  and  filled  in  separate  layers  as  directe 
the  engineer. 

After  laying,  this  course  shall  be  thoroughly  rolled  with  an  approved  r 
weighing  not  less  than  10  tons,  and  shall  then  be  filled  as  directed  and  a 
rolled  and  the  filler  broomed  until  the  stones  are  bound  together  and  t 
oughly  compacted.  All  holes  or  depressions  found  in  rolling  shall  be  1 
with  gravel  and  the  surface  shall  be  rerolled  until  it  conforms  to  the  lines 
grades  as  shown  on  the  plans.  In  all  cases  a  sufficient  but  not  exce: 
amount  of  fine  material  (coarse  sand  or  screenings)  shall  be  used  to  ft 
voids.  In  limited  areas  where  the  use  of  a  roller  is  impracticable  h< 
tampers  may  be  used  to  consolidate  the  material.  In  all  cases  the  f 
dation  course  must  be  so  thoroughly  compacted  that  it  will  not  wave  u 
the  roller.  This  course  shall  not  be  laid  in  excess  of  500  lin.  ft.  without  t 
rolled  and  thoroughly  filled  so  as  to  render  it  waterproof,  and  thereby 
vent  the  softening  of  the  subgrade. 

1  New  York. 
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Measurement  and  Payment. — The  quantity  of  foundation  course  to  be 

for  under  this  item  shall  be  the  number  of  cubic  yards  of  compacted 

rial  in  place  as  shown  on  the  plans  or  ordered  by  the  engineer. ' 

le  price  bid  shall  cover  the  furnishing,  placing,  filling,  and  rolling  of  the 

rial  and  all  labor  and  incidental  expenses  necessary  to  complete  the 

m  39A.  Foundation  Course,  Run-of-bank  Gravel,  Loose  Measure 

ie  general  specifications  for  Item  39  shall  apply,  except  that  the  quantity 
paid  for  will  be  the  number  of  cubic  yards,  loose  measure,  incorporated 
;  work,  as  directed  by  the  engineer. 

Item  40.  Foundation  Course,  Screened  Gravel1 

Work. — Under  this  item  the  contractor  shall  furnish  and  place  a  founda- 
course  of  screened  gravel  of  the  depth  and  in  the  places  called  for  by  the 

or  as  ordered  by  the   engineer  in  accordance   with   Sec.   /   of    item 
vation. 

Drainage. — No  gravel  shall  be  placed  on  the  road  until  the  culverts 
ompleted  and  proper  drainage  provided  and  subgrade  shaped  and  rolled 
ie  satisfaction  of  the  enginner. 

Material  and  Placing. — All  gravel  shall  be  hard,  durable  stone  satis- 
ry  to  the  engineer.  The  particles  shall  be  of  such  size  as  will  pass 
Jgh  a  3%"  circular  hole  and  will  be  retained  on  a  i-Hj"  circular  hole  and 

be  well  graded.     In  cases  where  the  finished  thickness  of  the  course 
be  more  than  6"  the  gravel  for  it  shall  be  spread,  rolled,  and  filled  in  two 
rate  courses, 
ter  the  subgrade  has  been  properly  prepared  a  course  of  1"  of  approved 

or  cinders  shall  be  evenly  spread  upon  the  grade,  after  which  the 
ned  gravel  shall  be  spread  evenly,  so  that  it  will  have  after  rolling  the 
er  thickness.  No  segregation  of  large  or  fine  particles  will  be  permitted, 
he  gravel  shall  be  well  graded  with  no  pockets  of  fine  material. 
Rolling  and  Filling. — After  the  gravel  has  been  spread  loose  it  shall  be 
mghly  rolled  with  an  approved  self-propelling  roller  weighing  not  less 

10  tons, 
ie  rolling  must  begin  at  the  sides  and  continue  toward  the  center  until 
i  is  no  movement  of  the  stone  ahead  of  the  roller.     After  the  gravel  is 
iughly  compacted  No.  1  size  gravel  and  sand  shall  be  thoroughly  spread 

the  surface  and  kept  in  with  rattan  or  steel  brooms  and  rolled. 
is  course  shall  not  be  laid  in  excess  of  500  lin.  ft.  without  being  rolled 
thoroughly  filled  so  as  to  render  it  waterproof  and  thereby  prevent  the 
ning  up  of  the  subgrade.  Should  the  subgrade  material  become  churned 
to  or  mixed  with  the  foundation  course  through  the  contractor's  hauling 
it  or  working  on  it  when  the  subgrade  is  in  a  wet  condition,  the  contractor 

at  his  own  expense,  remove  such  mixture  of  subgrade  material  and 
el  and  replace  the  foundation  course. 
In  Case  of  Two  Courses. — When  two  courses  of  screened  gravel  are 
each  course  shall  be  treated  separately  by  rolling  and  filling  as  described 
e. 

Measurement  and  Payment. — The  quantity  to  be  paid  for  under  this 
shall  be  the  number  of  cubic  yards  of  compacted  material  in  place  and 
be  computed  by  multiplying  the  finished  cross-section  of  the  foundation 
se  as  shown  upon  the  plans  or  ordered  by  the  engineer,  by  the  length 
ured  along  the  axis  of  the  pavement. 

ie  price  bid  shall  cover  the  furnishing,  placing,  filling,  rolling  of  the 
(rial,  and  all  labor  and  incidental  expenses  necessary  to  complete  the 
:  satisfactorily. 

Item  41.  Foundation  Course,  Field  or  Quarry  Stone1 

Work. — Under  this  item  the  contractor  shall  furnish  and  place  a  founda- 
course  of  stone  of  the  depth  and  in  the  places  called  for  by  the  plans,  or 
dered  by  the  engineer  in  accordance  with  Sec.  /  of  item  Excavation. 

Drainage. — No  stone  shall  be  placed  on  the  road  until  the  culverts 
omplete  and  proper  drainage  provided  and  subgrade  shaped  and  rolled 
ie  satisfaction  of  the  engineer. 

Material  and  Placing. — After  the  subgrade  has  been  properly  prepared 
urse  of  1"  of  approved  sand,  gravel,  or  cinders  shall  be  evenly  spread 
the  grade.  This  1"  course  of  sand,  gravel,  or  cinders  shall  not  be 
^Jew  York. 
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estimated  as  a  part  of  the  depth  of  the  foundation  course,  but  payment 
same  shall  be  included  in  the  price  bid  for  this  item. 

Stone  used  in  the  foundation  course  shall  be  of  hard,  sound,  and  dun 
quality,  acceptable  to  the  engineer. 

The  depth  of  the  stone  shall  in  no  case  be  greater  than  the  depth  sped 
for  the  course,  the  width  shall  not  be  greater  than  the  depth,  or  more  than 
and  the  length  shall  not  be  greater  than  one  and  one-third  times  the  de 
or  more  than  12".  The  distribution  of  the  stone  shall  be  of  a  uniforr 
satisfactory  to  the  engineer.  In  cases  where  the  finished  thickness  of 
course  is  more  than  o"  the  foundation  course  shall  be  laid  in  two  courses 
the  first  course  completely  filled  and  rolled  before  constructing  the  seci 
Stone  of  greater  than  permissible  dimension  shall  be  broken  to  proper 
before  placing.  All  flat  stone  and  fragments  having  an  average  dimen 
over  6"  shall  be  roughly  placed  by  hand  on  their  broadest  edge  with  t 
longest  dimension  crosswise  of  the  road  and  in  as  close  contact  as  poss 
The  smaller  stone  shall  then  be  shoveled  or  forked  upon  the  surface  of 
course. 

After  laying,  this  course  shall  be  thoroughly  rolled  with  an  apprc 
self-propelling   roller  weighing  not  less  than    10  tons.     After  rolling,  | 
course  shall  be  tested  with  a  line  25'  in  length  and  any  depressions  ove 
in  depth  shall  be  eliminated  by  the  use  of  broken  stone.     The  course  s 
then  be  rerolled  and  filled  with  broken  stone  uniformly  distributed 
thoroughly  rolled,  after  which  coarse  sand  or  screenings  shall  be  used  t< 
the  voids  and  rolled.     In  all  cases  the  foundation  course  shall  be  so  thoroi 
compacted  that  it  will  not  weave  under  the  roller.     Gravel  or  selected  s  ! 
may  be  substituted  for  the  broken-stone  filler  if  so  designated  on  the  p  j 
or  in  the  itemized  proposal.     This  course  shall  not  be  laid  in  excess  of 
lin.  ft.  without  being  rolled  and  thoroughly  filled  so  as  to  render  it  wa 
proof  and  thereby  preventing  the  softening  of  the  subgrade.     Should 
subgrade  material  become  churned  up  into  or  mixed  with  the  founda 
course  through  any  reason  whatsoever,  the  contractor  shall,  at  his 
expense,  remove  such  mixture  of  subgrade  material  and  stone  and  rei 
the  foundation  course. 

d.  Measurement  and  Payment. — The  quantity  to  be  paid  for  under 
item  shall  be  the  number  of  cubic  yards  of  compacted  material  in  place 
shall  be  computed  by  multiplying  the  finished  cross-section  of  the  founds 
course  as  shown  upon  the  plans  or  ordered  by  the  engineer  by  the  le 
measured  along  the  axis  of  the  pavement. 

The  price  bid  shall  cover  the  furnishing,  placing,  filling,  and  rollin 
all  materials,  and  all  labor  and  incidental  expense  necessary  to  com] 
the  work. 

Item  33.  Reconstructed  Base  Course1 

33.1.  Description. — This  item  shall  consist  of  the  reshaping  of  the  exi; 
surface  and  the  addition  of  the  required  amount  of  new  material,  all  of  w 
shall  be  compacted  to  form  a  foundation  course  for  other  base  courses  o 
surface  courses  or  pavements.  The  additional  material  shall  conform  tc 
requirements  for  material  of  the  type  of  the  original  course  as  prescribt 
these  specifications,  and  the  item  shall  be  constructed  in  accordance 
these  specifications  and  in  conformity  with  the  lines,  grades,  and  ty; 
cross-section  shown  on  the  plans.  The  item  name  corresponding  to 
original  course  shall  be  given  on  the  plans. 

33.2.  Construction  Methods. — The  existing  surface  shall  be  scarifiec 
the  full  width  of  the  proposed  base  course  and  to  such  uniform  depth  b 
the  proposed  finished  surface  as  will  eliminate  all  existing  depressions 
irregularities  and  permit  of  uniform  reshaping.  Any  existing  bitumi: 
mat  of  more  than  jfa"  thickness  shall  be  removed  from  the  work. 

33.3.  After  scarifying,  the  material  shall  be_  shaped  to  conform  to 
required  section,  the  required  material  added  in  a  uniform  course  of 
depth  that  when  compacted  the  finished  surface  will  conform  to  the 
grade,  and  typical  cross-section.  The  course  shall  then  be  rolled 
sprinkled  if  directed,  and  finished  and  maintained  as  required  in  the  spt 
cations  for  the  base  course  corresponding  to  the  original  constructioi 
noted  on  the  plans. 

33.4.  Methods  of  Measurement  and  Basis  of  Payment. — The  worl 
scarifying,  loosening,  and  shaping  the  original  construction  shall  be  meas 
by  the  square  yard  and  paid  for  at  the  contract  unit  price  per  square  yard 
for  Reconstructed  Base  Course. 
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All  other  work  performed  as  prescribed,  and  all  accepted  material 
oe  measured  by  the  cubic  yard,  loose  measurement.  The  material 
led  as  prescribed  shall  be  paid  for  at  the  contract  unit  price  per  cubic 
or  the  base-course  material  corresponding  to  the  original  constructed 
ed  on  the  plans  when  such  price  is  requested  and  tendered  in  the  pro- 
When  such  price  is  not  so  requested,  right-of-way  and  royalty  charges 
material  in  the  pit  will  not  be  a  charge  to  the  contractor. 
.  The  work  performed  as  prescribed  shall  be  paid  for  at  the  contract 
per  cubic  yard  bid  for  the  item  named  on  the  plans  as  the  type  of 
il  construction,  which  price  shall  be  full  compensation  for  loading  all 
al,  hauling  not  over  3^t  mile,  delivering  on  the  road,  spreading  and 
ng,  all  labor,  equipment,  tools,  and  incidentals  necessary  to  complete 
rk  except  rolling,  and  sprinkling.  Hauling  material  into  each  quarter 
eyond  the  first  quarter  mile  shall  be  paid  for  at  the  contract  unit  price 
bic  yard  bid  for  Material  Hauled  Additional  Quarter  Mile. 

Item  34.  Shell  Base  Course1 

.  Description. — This  item  shall  consist  of  a  foundation  course  for 
3  courses,  or  other  base  courses,  shall  be  composed  of  shell,  and  shall  be 
ucted  on  the  prepared  subgrade  in  accordance  with  these  specifications 
.  conformity  with  the  fines,  grades,  compacted  thickness,  number  of 
nent  courses,  and  typical  cross-section  shown  on  the  plans. 
.  Material. — The  shell  shall  consist  of  sound  particles  of  oyster,  clay, 
;r  shells  equally  acceptable  to  the  engineer,  and  shall  not  contain  more 
5%  of  mud,  clay  marl,  or  loam. 

.  Construction  Methods. — The  material  shall  be  delivered  and  spread 
id  on  the  prepared  subgrade  or  completed  base  course  to  such  depth 
srhen  compacted,  the  thickness  shown  on  the  plans  will  be  secured  and 
I  to  conform  to  the  typical  cross-section.  Side  forms  and  either  cubi- 
cks  or  center  guide  forms  of  proper  size  shall  be  used  to  fix  the  depth, 
loose  material.  It  shall  be  the  charge  of  the  contractor  that  the 
:d  amount  of  material  shall  be  delivered   in  each    ioo'  station  and 

ly  distributed  throughout  each  station. 
.  The  work  shall  be  rolled  and  sprinkled  or  opened  to  traffic  as  directed, 
ntractor,  as  often  as  directed,  shall  work  and  dress  the  surface  so  that 
jss-section  shall  continue  uniform  and  true  to  line  and  grade  until 
ed.  When  the  typical  cross-section  requires  that  this  item  be  con- 
id  in  more  than  one  course,  each  additional  course  shall  be  constructed 
ndently  after  the  previous  one  has  been  completed  and  accepted,  all 
Bcribed  above. 

34.  Method  of  Measurement. — Work  and  accepted  material  hauled  to 
R.d  shall  be  measured  by  the  cubic  yard  of  material,  loose  measurement, 
Bvered  on  the  road. 

14-  Basis  of  Payment. — The  material  furnished  as  prescribed  by  this 
Biall  be  paid  for  at  the  contract  unit  price  per  cubic  yard  bid  for  Shell. 
Hork  performed  as  prescribed  by  this  item  and  measured  as  provided 
Bshall  be  paid  for  at  the  contract  unit  price  per  cubic  yard  bid  for  Shell 
Bourse,  which  price  shall  be  full  compensation  for  loading  all  material, 
K  not  over  J^  mile,  delivering  on  the  road,  and  finishing,  all  labor, 
Kent,  tools,  and  incidentals  necessary  to  complete  the  work  except 
m.  and  sprinkling.  Hauling  material  into  each  quarter  mile  beyond  the 
Biarter  mile  shall  be  paid  for  at  the  contract  unit  price  bid  per  cubic 
flbr  Material  Hauled  Additional  Quarter  Mile. 

Item  35.  Caliche  Base  Course1 

5  Description. — This  item  shall  consist  of  a  foundation  course  for 
is  courses,  or  other  base  courses,  shall  be  composed  of  caliche,  and  shall 
fctructed  on  the  prepared  subgrade  in  accordance  with  these  specifica- 
■nd  in  conformity  with  the  lines,  grades,  compacted  thickness,  number 
«>onent  courses,  and  typical  cross-section  shown  on  the  plans. 
35;  Material. — Caliche  shall  consist  of  a  natural  mixture  of  approxi- 
w  equal  proportions  of  calcareous  dust  and  quartz  sand  with  or  without 
Rsence  of  gravel  or  small  stones,  all  of  which,  when  tested,  shall  pass 
I  screen,  and  shall  not  contain  more  than  10%  clay. 
I  Construction  Methods. — The  material  shall  be  delivered  and  spread 
nd  on  the  prepared  subgrade  to  such  depth  that  when  compacted  the 
'T  as. 


1428 


SPECIFICATIONS 


thickness  shown  on  the  plans  will  be  secured  and  shaped  to  conform 
typical  cross-section.     Side  forms  and  either    cubical  blocks  or  center 
forms  of  proper  size  shall  be  used.  _  It  shall  be  the  charge  of  the  cont 
that  the  required  amount  of  material  shall  be  delivered  in  each  ioo'  s 
and  uniformly  distributed  throughout  each  station. 

35.4.  If,  in  the  opinion  of  the  engineer,  it  be  practicable  to  do  so,  the  c 
shall  be  puddled  with  water  before  being  finally  shaped  and  comp 
This  puddling  may  be  done  either  in  the  pit  before  the  material  is  haulei 
the  road  or  it  may  be  done  by  sprinkling  with  water  after  the  materi 
been  spread  upon  the  subgrade.  In  case  puddling  is  done  in  the  materi 
the  caliche  shall  at  once  be  hauled  onto  the  road,  spread  by  means  of 
rakes,  or  shovels,  shaped,  and  rolled  before  it  has  dried  out.  In  case  pu 
is  to  be  done  after  it  has  been  spread  upon  the  subgrade,  the  surfacx 
be  thoroughly  harrowed,  plowed,  or  otherwise  opened  up,  during  the  p 
of  sprinkling,  in  order  to  insure  the  proper  puddling  of  the  caliche, 
being  thoroughly  puddled,  to  the  satisfaction  of  the  engineer,  the  s 
shall  be  shaped  to  a  uniform  thickness  and  cross-section  and  the  succi 
course  of  material  shall  be  added  and  puddled  in  the  same  manner. 
succeeding  course  shall  be  placed  and  puddled  as  soon  after  the  pre 
one  as  practicable. 

35.5.  The  work  shall  be  rolled  or  opened  to  traffic  as  directed, 
tractor,  as  often  as  directed,  shall  work  and  dress  the  surface  so  that  the 
section  shall  continue  uniform  and  true  to  line  and  grade  until  accepted 

35.6.  The  work  shall  be  rolled  or  opened  to  traffic  as  directed.  Tb 
tractor,  as  often  as  directed,  shall  work  and  dress  the  surface  so  th! 
cross-section  shall  continue  uniform  and  true  to  line  and  grade  until  ace 

35.6.  Method  of  Measurement. — Work  and  accepted  material  sb 
measured  by  the  cubic  yard  of  material,  loose  measurement,  as  del  j 
on  the  road. 

35.7.  Basis  of  Payment. — When  a  unit  price  for  Caliche  is  request* 
tendered  in  the  proposal,  the  material  furnished  as  prescribed  by  tbi| 
shall  be  paid  for  at  the  contract  unit  price  so  bid  per  cubic  yard, 
such   price  is   not  so  requested,  right-of-way  charges  and  royalties 
material  in  the  pit  will  not  be  a  charge  to  the  contractor.     The  wot 
formed  as  prescribed  for  this  item,  measured  as  provided  above,  sll 
paid  for  at  the  contract  unit  price  bid  per  cubic  yard  for  Caliche  Base  ( 
which  price  shall  be  full  compensation  for  loading  all  material,  hauli 
over  y±  mile,  delivering  on  the  road,  puddling  and  finishing,  all  labor, 
ment,  tools  and  incidentals  necessary  to  complete  the  work  except  1 
and  sprinkling.     Hauling  material  into  each  quarter  mile  beyond  tl 
quarter  mile  shall  be  paid  for  at  the  contract  unit  price  per  cubic  yard 
Material  Hauled  Additional  Quarter  Mile. 

Item  36.  Disintegrated  Limestone  Base  Course1 

36.1.  Description. — This  item  shall  consist  of  a  foundation  coui 
surface  courses  or  other  base  courses,  shall  be  composed  of  disinte 
limestone,  and  shall  be  constructed  on  the  prepared  subgrade  in  acco 
with  these  specifications  and  in  conformity  with  the  lines,  grades,  com 
thickness,  number  of  component  courses,  and  typical  cross-section  she 
plans. 

36.2.  Materials. — The  material  shall  consist  of  a  good  quality  of  c 
grated  limestone,  reasonably  free  from  soil  and  clay,  and  when  loade< 
the  material  pit  shall  not  contain  more  than  25  %  of  material  whi< 
pass  a  y±  "  mesh  screen.  The  disintegrated  limestone  shall  be  such 
be  loosened  up  in  the  pit  by  the  use  of  plows  or  picks  and  without  the 
explosives.  Material  containing  gravel  or  hard  flint  pebbles  will  be  adr 
although  all  hard  stones  over  3H"  in  their  largest  dimension,  whi< 
not  be  broken  up  by  traffic  or  rolling,  must  be  thrown  out  at  the  pit 
contractor  at  his  own  expense. 

36.3.  Construction  Methods. — The  material  shall  be  delivered  and 
by  hand  on  the  prepared  subgrade  to  such  depth  that  when  com 
the  thickness  shown  on  the  plans  will  be  secured,  and  shaped  to  conf< 
the  typical  cross-section.     Side  forms  and  either  cubical  blocks  or 
guide  forms  of  proper  size  shall  be  used  to  fix  the  depth  of  the  loose  rrn  • 
It  shall,  be  the  charge  of  the  contractor  that  the  required  amount  of  m 
shall  be  delivered  in  each  ioo'  station  and  uniformly  distributed  throi 
each  station. 
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.  After  the  material  has  been  spread  and  shaped,  the  surface  shall  be 
ghly  sprinkled  with  water  and  rolled  as  soon  as  sufficiently  dried  off. 
jntractor,  as  often  as  directed,  shall  work  and  dress  the  surface  so  that 
oss-section  shall  continue  uniform  and  true  to  line  and  grade  until 
,ed.  When  the  typical  cross-section  requires  that  this  item  be  con- 
;d  in  more  than  one  course,  each  additional  course  shall  be  constructed 
:ndently  after  the  previous  one  has  been  completed  and  accepted,  all 
scribed  above. 

.  Method  of  Measurement. — Work  and  accepted  material  hauled  to 
id  shall  be  measured  by  the  cubic  yard  of  material,  loose  measurement, 
vered  on  the  road. 

.  Basis  of  Payment. — When  a  unit  price  for  Disintegrated  Limestone 

ested  and  tendered  in  the  proposal,  the  material  furnished  as  prescribed 

5  item  shall  be  paid  for  at  the  contract  unit  price  so  bid  per  cubic  yard. 

such  price  is  not  so  requested,  right-of-way  charges  and  royalties  on 

iterial  in  the  pit  will  not  be  a  charge  to  the  contractor.     The  work 

med  as  prescribed  for  this  item,  measured  as  provided  above,  shall  be 

>r  at  the  contract  unit  price  bid  per  cubic  yard  for  Disintegrated  Base 

;,  which  price  shall  be  full  compensation  for  loosening  and  loading  all 

al  at  the  pit,  hauling  not  over  ^  mile,  delivering  on  the  road,  puddling 

inishing,   all   labor,    equipment,    tools,    and   incidentals   necessary   to 

fete  the  work  except  rolling,  and  sprinkling.     Hauling  material  into 

Huartermile^  beyond  the  first  quarter  mile  shall  be  paid  for  at  the  con- 

Hmit  price  bid  per  cubic  yard  for  Material  Hauled  Additional  Quarter 

Item  37.  Iron-ore  Topsoil  Base  Course1 

.  Description. — This  item  shall   consist  of  a  foundation  course  for 

j  courses  or  other  base  courses,  shall  be  composed  of  iron-ore  topsoil, 

all  be  constructed  on  the  prepared  subgrade  in  accordance  with  these 

nations  and  in  conformity  with  the  lines,  grades,  compacted  thickness, 

;r  of  component  courses,  and  typical  cross-section  shown  on  plans. 

,  Materials. — Iron-ore    topsoil    shall    consist   of   hematite,    hydrated 

te,  or  limonite  ore  as  found  at  the  surface  but  of  a  quality  free  from 

ble  matter  which,  when  loaded  from  the  material  pit,  shall  not  contain 

han  15%  of  clay.     The  material  shall  be  such  as  can  be  loosened  up  in 

t  by  the  use  of  plows  or  picks  and  without  the  use  of  explosives. 

ial  containing  gravel  or  hard  pieces  of  ore  will  be  admitted,  although 

es  over  3^"  in  their  largest  dimension,  which  will  not  be  broken  up 

:  construction,  must  be  thrown  out  at  the  pit  by  the  contractor  at  his 

pense.      The  material  shall  have  a  cementing  value  of  not  less  than  50 

i  so  graded  that  40  to  75%  is  retained  on  a  10-mesh  screen  when  tested 

oratory  methods. 

H.  Construction  Methods. — The  material  shall  be  delivered  and  spread 

Hid  on  the  prepared  subgrade  to  such  depth  that  when  compacted  the 

Hess  shown  on  the  plans  will  be  secured  and  shaped  to  conform  to  the 

Hj  cross-section,  and  rolled  if  required.      Side  forms  and  either  cubical 

or  center  guide  forms  of  proper  size  shall  be  used  to  fix  the  depth  of 

se  material.      It  shall  be  the  charge  of  the  contractor  that  the  required 

.t  of  material  shall  be  delivered  in  each  100'  station  and  uniformly 

uted  throughout  each  station. 

After  the  material  has  been  spread  and  shaped,  the  work  shall  be 
or  opened  to  traffic  as  directed.  If  the  material  is  of  such  a  quality 
adheres  to  the  wheels  of  the  roller  after  sprinkling,  the  surface  shall 
ded,  the  necessary  material  being  measured  as  surfacing  material, 
ntractor.  as  often  as  directed,  shall  work  and  dress  the  surface  so  that 
:>ss-section  shall  continue  uniform  and  true  to  line  and  grade  until 
ed.  When  the  typical  cross-section  requires  that  this  item  be  con- 
sd  in  more  than  one  course,  each  additional  course  shall  be  constructed 
ndently  after  the  previous  one  has  been  completed  and  accepted,  all 
scribed  above. 

.  Method  of  Measurement. — Work  and  accepted  material  hauled  to 
d  shall  be  measured  by  the  cubic  yard,  loose  measurement,  as  delivered 
road. 

.  Basis   of   Payment. — When   a   unit   price   for   Iron-ore    Topsoil    is 

ted  and  tendered  in  the  proposal,  the  material  furnished  as  prescribed 

5  item  shall  be  paid  for  at  the  contract  unit  price  so  bid  per  cubic  yard. 

he  such  price  is  not  so  requested,  right-of-way  charges  and  royalties  on 
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the  material  in  the  pit  will  not  be  a  charge  to  the  contractor.  The 
performed  as  prescribed  for  this  item,  measured  as  provided  above,  sh; 
paid  for  at  the  contract  unit  price  bid  per  cubic  yard  for  Iron-ore  Tc 
Base  Course,  which  price  shall  be  full  compensation  for  loosening  and  lo; 
all  material  at  the  pit,  hauling  not  over  Y±  mile,  delivering  on  the 
finishing,  all  labor,  equipment,  tools,  and  incidentals  necessary  to  coir 
the  work  except  rolling,  and  sprinkling.  Hauling  material  into  each  qt 
mile  beyond  the  first  quarter  mile  shall  be  paid  for  at  the  contract  unit 
bid  per  cubic  yard  for  Material  Hauled  Additional  Quarter  Mile. 

Item  38.  Gravel  Base  Course1 

38.1.  Description. — This  item  shall  consist  of  a  foundation   cours 
surface  courses  or  for  other  base  courses,  shall  be  composed  of  gravel 
shall  be  constructed  on  the  prepared  subgrade  in  accordance  with 
specifications,  and  in  conformity  with  the  lines,  grades,  compacted  thicl 
number  of  component  courses,  and  typical  cross-section  shown  on  the  j 

38.2.  Materials. — The  gravel  shall  consist  of  hard  durable  partic 
stone  mixed  with  sand  or  clay  or  other  similar  binding  material  and 
tested  by  laboratory  methods  shall  fulfil  the  following  requirements: 

Retained  on  3K"  screen o-  5°, 

Retained  on  %"  screen 50—75  * 

38.3.  Of  the  material  retained  on  the  J£"  screen,  50  to  75%  sh 
retained  on  the  %"  screen. 

38.4.  The  material  passing  the  }£"  screen  shall  be  known  as  "bin 
and  of  this  material  15  to  35  %  shall  pass  the  200-mesh  sieve.  The  cenu 
value  of  the  binder  shall  be  not  less  than  50. 

38.5.  The  gravel  may  be  crushed  or  uncrushed,  and  may  be  bank  r 
the  binder  may  be  added  and  incorporated  by  approved  methods  as  h 
after  specified. 

38.6.  Construction  Methods. — The  material  shall  be  delivered  in 
bottom  wagons  or  approved  trucks  and  uniformly  dumped  on  the  sut 
or  completed  course,  spread  to  such  depth  that,  when  compacted,  the 
ness  shown  on  the  plans  will  be  secured,  harrowed  if  necessary,  and  sha: 
conform  to  the  typical  cross-section.  Each  day's  hauling  shall  be  J 
the  same  day.  When  the  width  of  the  course  is  more  than  1 2'  the  mi 
shall  be  dumped  in  two  equal  rows.  The  thickness  of  the  course  as  v 
the  material  shall  be  strictly  uniform.  Side  forms,  and  either  center 
or  cubical  blocks,  shall  be  used  to  fix  the  depth  of  loose  material.  All 
and  "nests"  of  segregated  coarse  or  fine  material  shall  be  remove 
replaced  with  well-graded  material  and  compacted. 

38.7.  If  the  gravel  is  deficient  in  binder  as  prescribed  under  Ma 
above,  after  it  is  spread  and  shaped,  additional  binder  shall  be  furnishc 
applied  in  the  amount  directed  by  the  engineer  so  as  to  comply _wili 
grading  requirements.  Such  binder  shall  be  measured  and  paid  : 
provided  for  the  normal  gravel,  and  shall  be  carefully  and  evenly  incorp< 
with  the  material  in  place  as  directed  by  the  engineer. 

38.8.  The  work  shall  be  rolled  and  sprinkled,  or  opened  to  traffic  as  dir 
Ruts  shall  be  kept  filled  twice  a  day  or  more  as  directed.     When  irreguls  I 
depressions,  or  weak  spots  develop  during  the  process  of  shaping  and  s  I 
up,  the  affected  areas  shall  be  corrected  immediately  by  scarifying,  a 
material   as   needed,    reshaping,    and   compacting.      This    process   shi 
continued,    and   the    course    maintained    with    grading    machines   or 
equipment  as  required,  to  the  required  line,  grade,  and  typical  cross-s 
until  the  surface  is  smooth  and  hard,  free  from  ruts  and  undulations 
bonded  to  the  width  shown  on  plans,  and  the  work  is  accepted. 

38.9.  When  the  typical  cross-section  requires  that  this  item  be  consti 
in  more  than  one  course,  each  course  shall  be  constructed  indepernj 
after  the  previous  one  is  completed  and  accepted,  all  as  prescribed  ab<  J I 

38.10.  Method  of  Measurement. — Work  and  accepted  material  sh 
measured  by  the  cubic  yard  of  material,  loose  measurement,  as  deliver 
the  road. 

38.11.  Basis  of  Payment. — When  a  unit  price  for  Gravel  for  Base  (' 
is  requested  and  tendered  in  the  proposal,  the  material  furnished  a 
scribed  for  this  item  shall  be  paid  for  at  the  contract  unit  price  so  bid;  | 
price  shall    include    all    pit  charges,  crushing,  screening,  and  freight 
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y  points.  When  such  price  is  not  requested  the  material  will  be 
ed  free  of  royalty  and  right-of-way  charges,  and  the  contractor  will 
d  for  all  Crushing  and  Screening  or  Screening  as  ordered,  at  the  prices 
•  cubic  yard  for  Crushing  and  Screening  or  for  Screening. 
!.  The  work  performed  as  prescribed  for  this  item,  measured  as  pro- 
nder  Measurement,  shall  be  paid  for  at  the  contract  unit  price  bid  per 
yard  for  Gravel  Base  Course,  which  price  shall  be  full  compensation 
ding  all  material,  hauling  not  over  y±  mile,  delivering  on  the  road, 
ing  and  finishing,  all  labor,  equipment,  tools,  and  incidentals  necessary 
iplete  the  work  except  crushing,  screening,  rolling,  and  sprinkling. 
g  into  each  quarter  mile  beyond  the  first  quarter  mile  shall  be  paid  for 
contract  unit  price  bid  per  cubic  yard  for  Material  Hauled  Additional 
r  Mile. 

Item  39.  Soft  Limestone  Base  Course1 

.  Description. — This  item  shall  consist  of  a  foundation  course  for 
s  courses,  or  for  other  base  courses,  shall  be  composed  of  large  fragments 
local  limestone  wedged  in  place  with  small  stones  and  spalls  and  leveled 
h  smaller  stone  and  binder,  and  shall  be  constructed  on  the  prepared 
de  in  accordance  with  these  specifications,  and  in  conformity  with  the 
trades,  and  typical  cross-sections  shown  on  the  plans. 

Material. — The  limestone  shall  be  the  best  obtainable  in  the  local 
ee  from  soapstone  or  similar  material  and  with  a  per  cent  of  wear  of 
jre  than  12.  The  stones  shall  be  no  larger  than  12"  in  their  largest 
ion.  The  broken  stone  shall  be  of  a  size  to  pass  the  3M"  screen, 
nder  shall  be  screenings,  gravel,  caliche,  or  other  approved  material 
shall  pass  the  £•£"  screen. 

Construction  Methods. — The  large  stone  shall  be  dumped  and  spread 
he  prepared  subgrade,  and  broken  with  sledges  until  there  are  no  stones 
he  top  of  the  course  larger  than  6".  When  the  sledging  has  been 
1,  the  surface  shall  be  rearranged  to  insure  uniform  distribution  of  the 

■  the   larger  voids   filled   with   spalls,   and  the  course  rolled.      The 
shall  then  be  bonded  with  sufficient  crushed  stone  and  binder  to 

superficial  voids,  and  the  course  finished  to  conform  to  the  line,  grade, 
pical  cross-section. 

The  rolling  shall  be  as  prescribed  under  Extra  Rolling  and  Sprinkling 
e  Courses,  and  the  surface  shall  be  sprinkled  if  ordered  by  the  engineer, 
regularities  that  develop  during  or  after  rolling  shall  be  remedied  by 
ng,  adding  or  removing  material  and  rebonding.  The  surface  shall  be 
ined  in  its  finished  condition  until  accepted. 

Method  of  Measurement. — Work  and  accepted  material  shall  be 
•ed  by  the  cubic  yard  of  material,  loose  measurement,  as  delivered 
road. 

Basis  of  Payment. — When  a  unit  price  for  Local  Base  Course  Lime- 
s  requested  and  tendered  in  the  proposal,  the  material  furnished  as 
bed  for  this  item  shall  be  paid  for  at  the  contract  unit  price  so  bid. 
such  price  is  not  so  requested,  right-of-way  charges  and  royalties  on 
terial  in  the  pit  will  not  be  a  charge  to  the  contractor. 

The  work  performed  as  prescribed  for  this  item,  measured  as  pro- 
lnder  Measurement,  shall  be  paid  for  at  the  contract  unit  price  bid 
bic  yard  for  Soft  Limestone  Base  Course,  which  price  shall  be  full 

sation  for  loading  all  material,  hauling  not  over  ^  mile,  delivering 
road,  spreading,  and  finishing,  all  labor,  equipment,  tools,  and  inciden- 
cessary  to  complete  the  work,  except  rolling  and  sprinkling.  Hauling 
ch  quarter  mile  beyond  the  first  quarter  mile  shall  be  paid  for  at  the 
:t  unit  price  bid  per  cubic  yard  for  Material  Hauled  Additional  Quarter 

Item  40.  Sledged-stone  Base  Course1 

Description. — This  item  shall  consist  of  a  foundation  course  for 
courses,  or  for  other  base  courses,  shall  be  composed  of  large  stones 
i  in  place  by  small  stones  and  spalls  and  leveled  up  with  broken  stone 
ider,  and  shall  be  constructed  on  the  prepared  subgrade  in  accordance 
ese  specifications,  and  in  conformity  with  the  lines,  grades,  and  typical 
;ction  shown  on  plans. 
Material. — The  stone  shall  be  a  good  grade  of  limestone  or  sandstone, 
m  excess  of  shell,  soapstone,  or  other  similar  material  with  a  per  cent 

■  of  not  over  8.     Thin  stones  which  break  into  slabs  shall  uot  be  used. 
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The  stones  shall  not  be  over  12"  in  their  largest  dimension.  The  b 
stone  shall  be  of  a  size  to  pass  the  3M"  screen.  The  binder  shall  be  s 
ings,  gravel,  caliche,  or  other  approved  material  which  shall  pass  th 
screen. 

40.3.  Construction  Methods. — The  large  stone  shall  be  dumped  and 
upon  the  prepared  subgrade,  and  broken  with  sledges  until  there  a 
stones  near  the  top  of  the  course  larger  than  6".  When  the  sledgir 
been  finished,  the  surface  shall  be  rearranged  to  insure  uniform  distril 
of  the  material,  the  larger  voids  filled  with  the  spalls,  and  the  course 
The  surface  shall  then  be  bonded  with  sufficient  crushed  stone  and  1 
to  fill  the  superficial  voids,  and  the  course  finished  to  conform  to  th 
grade,  and  typical  cross-section. 

40.4.  The  rolling  shall  be  as  prescribed  under  Extra  Rolling  and  Spri 
for  Base  Courses,  and  the  surface  shall  be  sprinkled  if  ordered  by  the  enj 
Any  irregularities  that  develop  during  or  after  rolling  shall  be  ren 
by  loosening,  adding  or  removing  material,  and  rebonding.  The  s 
shall  be  maintained  in  its  finished  condition  until  accepted. 

40.5.  Method  of  Measurement. — Work  and  accepted  material  sh 
measured  by  the  cubic  yard  of  material,  loose  measurement,  as  delive 
the  road. 

40.6.  Basis  of  Payment. — When  a  unit  price  for  Sledging  Stone  is  req 
and  tendered  in  the  proposal,  the  material  furnished  as  prescribed  I 
item  shall  be  paid  for  at  the  contract  unit  price  so  bid.  When  such  1 
not  so  requested,  right-of-way  charges  and  royalties  on  the  mate: 
the  pit  will  not  be  a  charge  to  the  contractor. 

40.7.  The  work  performed  as  precribed  for  this  item,  measured  a 
vided  under  Measurement,  shall  be  paid  for  at  the  contract  unit  pri 
per  cubic  yard  for  Sledged-stone  Base  Course,  which  price  shall  1 
compensation  for  loading  all  material,  hauling  not  over  %  mile,  delivei 
the  road,  spreading  and  finishing,  all  labor,  equipment,  tools,  and  incic' 
necessary  to  complete  the  work  except  rolling,  and  sprinkling.  HI 
into  each  quarter  mile  beyond  the  first  quarter  mile  shall  be  paid  for  1 
contract  unit  price  bid  per  cubic  yard  for  Material  Hauled  Additional  Ci 
Mile, 

Item  41.  Crusher-run  Broken-stone  Base  Course1 

41. 1  Description. — This  item  shall  consist  of  a  foundation  cou: 
surface  courses,  or  other  base  courses,  shall  be  composed  of  crushec 
and  screenings  as  the  material  comes  from  the  crusher,  and  shall  t 
structed  on  the  prepared  subgrade,  or  other  completed  base  course,  in  i 
ance  with  these  specifications,  and  in  conformity  with  the  lines,  1 
compacted  thickness,  number  of  component  courses,  and  typical  cross-: 
shown  on  the  plans. 

41.2.  Material. — The  stone  shall  not  contain  more  than  5  %  of  _ 
decomposed  particles,  and  not  more  than  5  %  of  flat  or  elongated  piec 
width  of  which  is  less  than  half  the  length.  The  material  may  be  unsc 
or  partially  screened,  but  when  tested  by  laboratory  methods  the  stor' 
meet  the  following  requirements: 

Retained  on  the  3^2"  screen 0  to      5 

Retained  on  the  2"  screen 25  to    60 

Retained  on  the  XA"  screen. 95  to  100 

41.3.  Screenings  for  additional  binder  shall  be  the  product  from 
stone  which  shall  meet  the  following  requirements: 

Retained  on  the  1"  screen o  to    5 

Retained  on  the  14"  screen 20  to  60 

41.4.  Construction  Methods. — The  subgrade  shall  be  rolled.  Thfl 
shall  be  delivered  in  slat-bottom  wagons  or  approved  trucks,  and  uni 
dumped  on  the  subgrade,  spread  to  such  a  depth  that  when  compacl| 
thickness  shown  on  the  plans  will  be  secured,  shaped  to  conform  to  the ' 
cross-section,  and  rolled.  The  subgrade  shall  be  thoroughly  dry  wb 
material  is  delivered;  each  day's  hauling  shall  be  spread  the  sam 
When  the  width  of  base  course  is  more  than  12'  the  material  shall  be  d 
in  two  equal  rows.  The  thickness  of  the  course  as  well  as  the  materis 
be  strictly  uniform.  Side  forms,  and  either  center  forms  or  cubical 
shall  be  used  to  fix  the  depth  of  loose  material.     All  areas  and  "nes 
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'ated  coarse  or  fine  material  shall  be  removed  and  replaced  with  well- 
i  material  and  rerolled  if  necessary. 

The  rolling  shall  be  as  prescribed  under  Extra  Rolling  and  Sprinkling 
and  Surface  Courses.  After  thorough  rolling,  and  if  found  necessary, 
"ngs  shall  be  spread  with  shovels  in  a  uniform  layer.  The  screenings 
not  be  dumped  directly  on  the  surface  of  the  coarse  stone.  The 
!  shall  be  further  rolled  and  sprinkled  if  ordered  by  the  engineer,  the 
e  shall  be  thoroughly  bonded  to  his  satisfaction,  and  finished  to  con- 
to  the  line,  grade,  and  typical  cross-section. 

>.  If  any  irregularities  develop  in  the  surface  during  or  after  rolling,  they 
e  remedied  by  loosening,  adding  or  removing  material,  and  rebonding. 
urface  shall  be  maintained  in  its  finished  condition  until  accepted. 
.  If  at  any  time  the  subgrade  material  should  become  churned  up  or 
with  the  base  course,  the  contractor,  without  additional  compensation, 
iig  out  and  remove  such  mixture,  reshape  and  compact  the  subgrade, 
construct  the  base  course  with  new  material. 

'<.  When  the  typical  cross-section  requires  that  this  item  be  built  in 
than  one  course,  each  course  shall  be  constucted  independently  after 
evious  one  is  completed  and  accepted,  all  as  prescribed  above. 

1.  Method  of  Measurement. — Work  and  accepted  material  shall  be 
red  by  the  cubic  yard  of  material  loose  measurement,  as  delivered  on 
ad. 

o.  Basis  of  Payment. — The  material  furnished  as  prescribed  by  this 
hall  be  paid  for  at  the  contract  unit  price  per  cubic  yard  for  Crusher- 
roken  Stone,  which  price  shall  also  be  full  compensation  for  quarrying, 
ng,  and  screening,  and  freight  involved.  The  work  performed  as 
ibed  for  this  item,  measured  as  provided  above,  shall  be  paid  for  at  the 
ct  unit  price  per  cubic  yard  bid  for  Crusher-run  Broken-stone  Base 

2,  which  price  shall  be  full  compensation  for  loading  all  material, 
g  not  over  H  mile,  delivering  on  the  road,  spreading  and  finishing,  all 

equipment,  tools,  and  incidentals  necessary  to  complete  the  work 
rolling,  and  sprinkling.  Hauling  material  into  each  additional  quarter 
eyond  the  first  quarter  mile  shall  be  paid  for  at  the  contract  unit  price 
bic  yard  bid  for  Material  Hauled  Additional  Quarter  Mile. 

42.  Water-bound  Gravel  or  Broken-stone  Macadam  Base  Course1 
.  Description. — This  item  shall  consist  of  a  foundation  course  for 
e  courses  or  pavements,  shall  be  composed  of  washed  gravel  or  broken 
nd  binder,  and  shall  be  constructed  on  the  prepared  subgrade  or  other 
eted  base  course  in  accordance  with  these  specifications,  and  in  con- 
y  with  the  lines,  grades,  compacted  thickness,  and  typical  cross-section 
on  the  plans. 

,  Material. — -The  broken  stone  shall  consist  of  angular  fragments  of 
xcluding  schist  shale  or  slate)  of  uniform  quality  throughout,  with  not 
;han  5  %  of  soft  friable  material,  not  more  than  5  %  of  flat  or  elongated 
the  width  of  which  is  less  than  half  the  length,  and  with  a  per  cent  of 
)f  not  more  than  8.  When  tested  by  laboratory  methods  the  stone 
neet  the  following  requirements: 

etained  on  zW  screen 0-5% 

etained  on  2  "screen 25-60  % 

etained  on  %"  screen 100  % 

._  The  washed  gravel  shall  consist  of  rounded  or  angular  fragments  of 
rith  nor  more  than  5  %  of  slate,  shale,  or  soft  sandstone  particles,  and 
>e  free  from  organic  matter,  clay,  loam,  or  pebbles  coated  therewith. 
t  be  crushed  or  uncrushed,  and  shall  have  a  per  cent  of  wear  (abrasion 
r  gravel)  of  not  more  than  18.  When  tested  by  laboratory  methods 
1  meet  the  following  requirements: 

etained  on  zW  screen o-     5  % 

etained  on  1  \i"  screen 25-  60  % 

etained  on  \i"  screen 95-100  % 

.  Screenings  shall  consist  of  material  equal  in  quality  to  that  specified 
oken  Stone  above,  and  shall  be  that  product  of  the  crusher,  including 
st  of  fracture,  which  will  meet  the  following  requirements: 

etained  on  %"  screen o-  5  % 

etained  on  J4"  screen 20-60  % 

assing  200-mesh  sieve 5-20  % 

xas. 
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42.5.  Construction  Methods. — The  subgrade  shall  be  rolled  and  shii 
dry  and  clean  of  all  foreign  substances.  The  stone  or  gravel  shall  b< 
inshed,  spread  upon  it  to  such  loose  depth  that  when  completed  the 
pacted  depth  shown  on  plans  will  be  obtained,  harrowed  if  necessary,  s 
to  the  typical  cross-section,  and  dry  rolled.  The  stone  shall  be  spread 
shovels  from  storage  piles  along  the  side  of  the  roadway  or  from  dur 
boards  or  may  be  spread  directly  from  approved  vehicles.  The  grave) 
be  dumped  in  two  equal  rows  and  shaped  by  grading  machine  or  road 
provided  it  is  shaped  the  same  day  it  is  dumped.  The  thickness  of  the  a 
as  well  as  the  material,  shall  be  strictly  uniform.  Side  forms,  and  1 
center  forms  or  cubical  blocks,  shall  be  used  to  fix  the  depth  of  loose  mai 
The  shoulders  shall  be  built  up  to  support  the  edges  of  the  course  as  din 
All  areas  and  "nests"  of  segregated  coarse  or  fine  material  shall  be  ren 
and  replaced  with  well-graded  material. 

42.6.  The  dry  rolling  shall  be  done  with  a  self-propelled  roller  wei 
not  less  than  8  tons.  The  rolling  shall  be  longitudinal,  shall  begin  i 
sides,  overlapping  the  earth  shoulders  at  least  6",  and  progress  grac 
to  the  center.  At  any  low  places  that  develop  the  material  shall  be  loo 
and  the  necessary  additional  material  placed  and  rerolled.  The 
surface  shall  be  thoroughly  rolled  until  all  settlement  has  ceased. 

42.7.  Screenings  shall  be  applied  gradually  over  the  surface  durin  I 
dry  rolling  in  such  an  amount  as  will  completely  fill  the  interstices.  I 
screenings  shall  not  be  dumped  on  the  surface  of  the  stone  or  gravel,  bu  I 
be  cast  thinly  with  a  spreading  motion  of  the  shovel  and  broomed  in  1 
voids.  The  rolling  shall  continue  while  the  screenings  are  being  spre  | 
as  to  aid  by  jarring  the  fine  material  into  the  interstices.  The  scre<  v. 
shall  not  be  allowed  to  cake  or  "bridge"  on  the  surface  so  as  to  preve  k 
filling  of  the  voids  or  the  direct  bearing  of  the  roller  on  the  surface  | 
stone  or  gravel.  The  spreading  and  rolling  shall  continue  until  no  1 
screenings  will  go  in  dry  and  the  whole  surface  conforms  to  the  line,  j 
and  typical  cross-section.      No  excess  screenings  shall  be  used. 

42.8.  Dumping  of  ashes  and  cinders  from  the  firebox  on  the  course  1 
not  be  allowed  and  any  litter  must  be  removed  from  the  stone  or    I 
before  the  roller  passes  over  it. 

42.9.  After  the  dry  rolling  and  filling  is  complete,  the  surface  of  tl 
shall  be  sprinkled  with  water  until  thoroughly  saturated  and  more  s~re  $ 
added  and  rolled.  The  sprinkling  and  rolling  shall  continue  until  a  ■ 
forms  in  front  of  the  roller  that  will  fill  all  voids.  The  work  shall  tl  1 
permitted  partially  to  dry  out,  and  the  rolling  shall  be  continued  on  s  * 
sive  days  until  the  bond  is  complete  and  the  surface  does  not  creep  01  « 
under  the  roller.  The  surface  of  the  course  shall  be  maintained  in  its  fv  1 
condition  until  accepted. 

42.10.  Method  of  Measurement. — The  work  completed  and  ac<  I 
shall  be  measured  by  the  square  yard. 

42.11.  Basis  of  Payment. — All  work  performed  under  this  item  and  I 
ured  as  provided  above  shall  be  paid  for  at  the  contract  unit  price  per :  I 
yard  bid  for  Water-bound  Gravel  or  Broken-stone  Macadam  Base  C  1 
which  price  shall  be  full  compensation  for  purchasing,  furnishing,  q 
screening,  hauling  and  delivering  on  the  road,  and  rolling  all  materia] 
all  labor,  equipment,  tools,  and  incidentals  necessary  to  complex 
work.     No  overhaul  will  be  allowed. 


BOTTOM  COURSE 

Item    43.  Bottom   Course,    Screened   Gravel;   Item   44.  Bottom   Co 
Broken  Slag;  Item  45.  Bottom  Course,  Broken  Stone1 

a.  Work. — Under  these  items  the  contractor  shall  furnish  and  place 
slag,  or  gravel,  conforming  to  the  general  requirements  for  same, 
upon  the  properly  prepared  subgrade  or  upon  the  foundation  course, 
stone,  slag,  or  gravel  shall  be  of  sizes  specified  below. 

b.  Material. — After  the  subgrade  or  foundation  course  shall  have 
properly  prepared  and  proper  drainage  provided,  a  course  of  broken 
broken  slag,  or  gravel  of  graded  No.  4  or  a  uniform  mixture  of  Nos.  3 
shall  be  spread  evenly  so  that  it  will  have,  after  rolling,  the  required  thic 

In  cases  where  the  finished  thickness  of  the  bottom  course  is  of 
than  5"  the  broken  stone,  broken  slag,  or  gravel  for  it  shall  be  spread,  J 
1  New  York. 
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II  filled  in  two  separate  layers,  neither  of  which  shall  be  of  a  greater  depth 
Hi  6"  measured  loose. 

B  Gaging  Blocks. — The  depth  of  loose  stone,  slag,  or  gravel  in  all  cases 

III  be  gaged  by  the  use  of  cubical  blocks  of  suitable  size. 

■  Dumping  on  Roadway. — The  spreading  of  any  layer  or  course  of  broken 
st.e,  broken  slag,  gravel,  or  filler,  whether  in  foundation,  bottom,  or  top 
ftses,  shall  be  done  from  suitable  spreader  wagons  or  from  piles  dumped 
Hg  the  road  as  directed  by  the  engineer. 

.  ;  o  segregation  of  large  or  fine  particles  will  be  allowed,  but  the  stone, 
fit,  or  gravel  as  spread  shall  be  well  graded  with  no  pockets  of  fine  material. 
la  Rolling  and  Filling. — After  the  bottom  course  of  stone,  slag,  or  gravel 
It  been  laid  loose  it  shall  be  thoroughly  rolled  with  an  approved  roller 
Hhing  not  less  than  10  tons. 

Bhis  rolling  must  begin  at  the  sides  and  continue  toward  the  center  and 
ski  continue  until  there  is  no  movement  of  the  course  ahead  of  the  roller. 
A  r  the  course  is  thoroughly  compacted,  No.  i  stone,  slag,  or  gravel,  and 
Hsnings  or  sand,  or  a  mixture  of  these,  shall  be  uniformly  spread  upon  the 
si  ace  and  swept  in  with  rattan  or  steel  brooms  and  rolled  dry.  After  the 
■pletion  of  the  rolling  no  teaming  other  than  that  necessary  for  bringing 
■erial  for  the  next  course  shall  be  allowed  over  the  rolled  material/  It  is 
Hintention  to  bind  this  course  with  the  small  stone  or  slag,  but  no  surplus 
Hller  will  be  allowed  on  this  course.  This  course  shall  not  be  laid  in 
e>  ss,  of  500  lin.  ft.  without  being  rolled  and  thoroughly  filled  so  as  to  render 
Hiterproof  and  thereby  prevent  the  softening  up  of  the  subgrade. 
I  In  Case  of  Two  Courses. — When  two  courses  are  laid  each  course  shall 
Hreated  by  rolling  and  adding  fine  material  as  described  above. 
\]  Replacing. — If  the  subgrade  material  shall  become  churned  up  into  or 
H?d  with  the  bottom  or  subbottom  courses  through  the  contractor's 
Hing  over  it  or  working  on  it  when  the  subgrade  is  in  a  wet  condition, 
Hcontractor  shall  at  his  own  expense  remove  such  mixture  of  subgrade 
■jerial  and  broken  stone,  broken  slag,  or  gravel  and  replace  it  with  clean 
Ken  stone,  broken  slag,  or  gravel  of  the  proper  size,  and  shall  roll  or  other- 
H  compact  the  material  so  as  to  produce  a  uniform,  firm,  and  even  bottom 

I  the  above  condition  occurs  through  no  fault  of  the  contractor,  the. 
Hractor  shall  be  paid  both  for  excavating  and  replacing  under  the  items 
Havation  and  Bottom  Course  respectively. 

I  Piles  of  Filler. — All  filler  shall  be  delivered  and  piled  alongside  the  road 
■re  the  course  in  which  it  is  to  be  used  is  placed. 

R:i  Measurement  and  Payment. — The  quantity  to  be  paid  for  under  these 
Iks  respectively  shall  be  the  number  of  cubic  yards  of  compacted  material 
ttjilace  in  the  completed  course.  The  amount  to  be  estimated  shall  be 
■jputed  by  multiplying  the  finished  cross-section  of  bottom  course,  as 
mm  upon  the  plans  or  ordered  by  the  engineer,  by  the  length  of  the 
Horn  course  measured  along  the  axis  of  the  pavement. 

*jhe  price  bid  for  the  respective  items  shall  cover  the  furnishing,  placing, 
■kg,  rolling  of  the  material,  and  all  labor  and  incidental  expenses  neoessary 
Hamplete  the  work. 

Item  50.  Binder  Course,  Bituminous  Macadam,  Mixing  Method1 

I  Work. — Under  this  item  the  contractor  shall  construct  a  bituminous 
■jler  course  of  the  thickness  shown  on  the  plans,  consisting  of  compact 
tn:en  stone  and  bituminous  material  upon  a  previously  prepared  founda- 
m.  It  shall  be  laid  in  conformity  with  the  lines  and  grades  shown  upon  the 
■Is  or  ordered  by  the  engineer.  A  smooth  finish  will  be  insisted  upon, 
■Rfrom  irregularities  and  waviness. 

I  Material  and  Method. — The  broken  stone  used  in  this  course  shall  be  of 
Hpted  material  of  No.  1  size. 

II  The  mineral  aggregate  for  the  binder  course  shall  be  heated  in  revolving 
Hers  to  between  225  and  300°F.  The  mineral  aggregate  shall  be  con- 
fcously  agitated  during  the  heating. 

■J  The  bituminous  material  to  be  used  in  this  course  shall  conform  to  the 
Spifications  for  bituminous  material  A,  type  2. 

>1  The  bituminous  material  A  shall  be  heated  in  kettles  so  designed  as  to 
Hit  of  an  even  heating  of  the  entire  mass,  with  an  efficient  control  of  the 
I  at  all  times.  The  bituminous  material  shall  be  heated  to  a  temperature 
Hreen  275  and  325°F.  All  material  heated  above  325°F.  either  before  or 
f'^ew  York. 
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during  mixing  with  the  broken  stone,  or  which  has  been  damaged  by  lc 
continued  heating,  shall  be  rejected.  No  asphalt  cement  shall  be  heate< 
kettles  containing  tar. 

/.  When  thoroughly  heated  to  the  proper  temperatures,  the  bitumin 
material  and  the  mineral  aggregate  for  the  binder  course  shall  be  mixec 
such  proportions  as  to  give  from  5  to  8  %  by  weight  of  bitumen  in  the  © 
pleted  mixture.  The  contractor  shall  provide  means  for  accurately  pro] 
tioning  the  mixture.  The  mixer  shall  be  of  satisfactory  design,  ha\ 
revolving  blades  and  efficient  means  for  keeping  the  temperature  at 
desired  point  without  burning  the  bitumen.  The  mixing  shall  conti 
until  every  particle  of  the  mineral  aggregate  is  thoroughly  coated  with 
bituminous  material  and  a  uniform  mixture  has  been  obtained,  which  w 
discharged  shall  have  a  temperature  between  225  and  300 °F. 

g.   The  use  of  batteries  of  small  batch  mixers  will  not  be  allowed. 

h.  The  bituminous  mixture,  heated  and  prepared  as  specified  above,  s 
be  delivered  from  the  mixer  to  the  point  of  deposition  in  the  pavem 
if  at  a  considerable  distance,  in  suitable  trucks  or  wagons,  provided  \ 
canvas  covers  for  retaining  the  heat.  To  prevent  undue  compacting 
long  hauls,  partitions  may  be  required  for  large  truck  loads.  As  delive 
the  mixture  shall  have  a  temperature  of  at  least  200°F.  Material  havii 
lower  temperature  than  this  shall  not  be  laid  in  the  pavement.  Before 
mixture  is  placed,  all  contact  surfaces  of  curbs,  edging  manholes,  etc.,  s 
be  well  painted  with  hot  bituminous  material.  The  mixture  shall  be  im 
diately  spread  over  the  foundation  course  by  men  experienced  in  such'w 
so  that  when  rolled  it  shall  have  the  required  thickness  and  shall  be 
from  surface  depressions  and  irregularities.  The  hot  paving  mixture  s 
not  be  dumped  in  large  masses  upon  the  foundation.  It  shall  be  dumped  u 
platforms  and  shoveled  with  hot  shovels  into  position  in  the  pavement. 

i.  The  binder  course,  placed  as  above  specified,  shall  be  compressed  ' 
hot  hand  tamps  along  the  curbs,  around  manholes,  and  other  edgings, 
shall  be  rolled  at  once  while  the  material  is  still  warm  and  pliable,  begin: 
at  the  edges  and  working  toward  the  center.  The  roller  wheels  shal 
swabbed  with  crude  oil  to  prevent  the  asphalt  from  sticking  to  the  re 
Rolling  shall  continue  without  interruption  until  all  roller  marks  disap 
and  the  surface  shows  no  further  compressibility.  All  places  which 
roller  cannot  effectively  reach  shall  be  compresed  with  hot  tamps. 

/.  The  finished  surface  of  the  binder  course  shall  be  tested  with  a 
straight-edge  laid  parallel  with  the  center  line  of  the  pavement,  upon 
portion  of  the  surface,  and  any  depressions  exceeding  M"  shall  be  s 
factorily  eliminated  or  the  course  relaid. 

k.  No  more  binder  course  shall  be  laid  at  any  one  time  than  can  be  cov 
by  2  days'  run  of  the  paving  plant  on  surface  mixture. 

I.  Roller. — Rollers  used  for  the  binder  course  shall  be  well-balanced, 
propelled  tandem  rollers  of  satisfactory  design,  weighing  between  7  ai 
tons.  They  shall  give  a  compression  under  the  rear  roller  of  between 
and  300  lb.  per  lineal  inch  of  roll,  and  shall  be  provided  with  an  ash  pan  w 
shall  prevent  ashes  from  dropping  upon  the  pavement. 

m.  The  contractor  shall  provide  a  sufficient  number  of  accurate  effi< 
thermometers  for  determining  the  temperatures  of  the  bituminous  mat 
and  mineral  aggregate  at  all  stages  of  the  work. 

n.  Measurement  and  Payment. — The  quantity  to  be  paid  for  under 
item  shall  be  the  number  of  tons  of  material  incorporated  in  the  paverr 
exclusive  of  the  bituminous  material,  as  shown  on  the  plans  or  directei 
the  engineer. 

The  price  bid  shall  cover  the  furnishing  (bituminous  material  excepi 
heating,  placing,  rolling,  and  compacting  of  all  materials,  together  wit 
other  labor  and  incidental  expenses  necessary  to  complete  the  \ 
satisfactorily. 

The  furnishing  of  the  bituminous  material  will  be  paid  for  under 
appropriate  item,  therefore,  as  shown  on  the  proposal  sheet. 

Item  43.  Bituminous-concrete  Base  Course1 
43.1.  Description. — This  item  shall  consist  of  a  bituminous-con( 
foundation  course  for  bituminous  surface  courses  or  pavements,  shal 
composed  of  coarse  and  fine  mineral  aggregate  and  bituminous  cen 
and  shall  be  constructed  on  the  prepared  subgrade  or  completed  base  cc 
in  accordance  with  these  specifications  and  in  conformity  with  the  1 
grades,  compacted  thickness,  and  typical  cross-section  shown  on  the  pla 
•  Texas. 
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j. 2.  Material. — The  mineral  aggregate  for  the  mixture  shall  consist  of  a 
se  aggregate  of  crushed  stone  or  gravel,  and  a  fine  aggregate.  Samples 
he  coarse  and  fine  aggregate  shall  be  submitted  in  accordance  with 
dard  prescribed  methods,  and  approval  both  of  the  material  and  of  the 
ce  of  supply  shall  be  obtained  from  the  engineer,  prior  to  delivery  of 
erial.  Material  shipped  in  dirty  cars  or  vehicles  will  be  rejected.  The 
se  aggregate  shall  consist  of  clean,  tough,  durable  fragments  of  rock 
luding  schist,  shale,  or  slate)  of  uniform  quality  throughout,  shall  be 
from  an  excess  of  thin  or  elongated  pieces,  and  free  from  soft  or  disinte- 
ed  stone,  dirt,  organic,  or  other  injurious  matter  occurring  either  free 
s  a  coating  on  the  stone.  The  aggregate  shall  have  a  per  cent  of  wear 
ot  more  than  7  for  stone  and  not  more  than  15  for  gravel  (abrasion  test 
Erravel)  and  when  tested  by  laboratory  methods  shall  meet  the  following 
irements: 

Passing  2\i"  screen 100  % 

Passing  i>£"  screen 25-75  % 

3.   The  fine  aggregate  shall  consist  of  sand  or  a  combination  of  sand 
I-  screenings,   composed  of  hard  durable  grains  free  from   clay  organic 
■rter   or   any   soft   or   injurious    material.     When   tested   by   laboratory 

■  hods,  it  shall  meet  the  following  requirements: 

Passing  Retained  on  % 

100 

10-mesh  sieve  0-20 

40  15-50 

80  25-65 

200  7-40 

9-6 

3.4.   The  bituminous  material  shall  meet  the  requirements  given  below 

■  OA-7,  NA-7,  or  NA-o.  The  material  shall  be  homogeneous,  free  from 
Rer,  and  the  asphalt  material  shall  not  foam  when  heated  to  i75°C. 
B7°F.).  Oil  asphalt  for  any  one  contract  shall  not  vary  more  than  0.020 
■specific  gravity  nor  more  than  io°C.  in  melting  point  within  the  test 
liits  above  specified. 

■3.5.  OA-7.     Oil  asphalt. 

■cific  gravity  25°/25°C.  (77°/77°F.) Not  less  than  1.020 

■sh  point Not  less  than  I75°C.  (347°F.) 

■lting  point 45°C.  (ii3°F.)-65°C.  (i49°F.) 

Bietration  at  25°C.  (77°F.),  100  g.,  5  sec 40-50 

Is  at  i63°C.  (325CF.),  5  hr Not  more  than  1.0  % 

■Penetration  of  residue  at  25°C.  (77°F.),  100  g.,  5  sec Not  less  than  25 

Total  bitumen  (soluble  in  carbon  disulphide),  not  less  than  99.5  %. 
pDrganic  matter  insoluble Not  more  than  0.2  % 

.3.6.  NA-7.     Fluxed  Bermudez  asphalt. 

Icific  gravity  2S°/250C.  (77°/77°F.) 1. 055-1-075 

ish  point Not  less  than  I75°C.  (347°F.) 

Ilting  point 45°C.  (ii3°F.)-55°C.  (i3i°F.) 

Retration  at  25°C.  (77°F.),  100  g.,  5  sec 40-50 

Is  at  i63°C.  (325°F.),  5  hr Not  more  than  3.0  % 

(■Penetration  of  residue  at  25°C.  (77°F.),  100  g.,  5  sec Not  less  than  20 

Total  bitumen  (soluble  in  carbon  disulphide),  not  less  than  94.0  %. 

Knorganic  matter  insoluble , 2.5-4.0  % 

KJ3-7-  NA-9.     Fluxed  Trinidad  asphalt. 

Hcific  gravity  25°/25°C.  (77°/77°F.) 1.210-1.270 

ish  point Not  less  than  i75°C.  (347°F.) 

Ilting  point 5o°C.  (i22°F.)-6o°C.  (140 °F.) 

Iietration  at  25°C.  (77°F.),  100  g.,  s  sec 40-50 

Is  at  i63°C.  (325°F.),  5  hr Not  more  than  3.0  % 

■Penetration  of  residue  at  25°C.  (77°F.),  100  g.,  5  sec Not  less  than  20 

Total  bitumen  (soluble  in  carbon  disulphide),  not  less  than  65.0  %. 
■Inorganic  matter  insoluble 22.0-32.0  % 

<  13.8.  Proportions  of  Materials  in  Total  Mixture. — In  addition  to  the 
Bvious  requirements,  the  coarse  aggregate,  fine  aggregate,  and  bituminous 
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material  shall  be  so  graded  and  proportioned  by  weight  that  when  combii 
a  total  mixture  of  the  following  proportions  will  be  secured: 

Passing  Retained  on  %  by 

Weight 
2 yi"  screen  \Vi"  screen  20-451 

1  Vi"  screen  K"  screen  15-45)   5 

yi"  screen  10-mesh  sieve  10-25 

10-mesh  I5_35 

200  3-  5 

Bitumen  (soluble  in  carbon  disulphide),  4-7  %. 

43.9.  The  proportions  shall  be  varied  within  the  limits  designated 
directed  by  the  engineer,  but  neither  the  type  nor  proportions  of  mate 
shall  be  varied  without  the  consent  of  the  engineer.  The  percentage 
bitumen  in  the  finished  base  course  shall  not  vary  more  than  one-half  of 
from  the  proportion  established  by  the  engineer.  Unvarying  uniformit; 
of  prime  importance  and  both  the  proportioning  and  treatment  of  all  mj 
rials  must  be  maintained  consistently  satisfactory  to  the  engineer  through 
the  construction  period,  and,  whenever  required  by  him,  samples  of  the 
mixture  may  be  taken  several  times  daily,  and  the  mixture,  to  be  accepta 
must  invariably  conform  to  all  requirements. 

43.10.  Preparation  of  Mineral  Aggregate. — The  coarse  and  fine  aggreg 
shall  be  heated  as  directed  to  between  250  to  350°F.  in  suitable  apparatu 
which  the  aggregate  shall  be  continuously  agitated  during  the  heating  an< 
which  the  temperature  can  be  efficiently  and  positively  controlled. 

43.11.  The  bituminous  material  shall  be  separately  heated,  with  effec: 
control  of  the  temperature  at  all  times,  to  between  250  and  350°F. 
material  heated  above  350 °F.  either  before  or  during  the  mixing  with 
mineral  aggregate  shall  be  rejected. 

43.12.  Mixing. — The  constituent  proportions  of  the  mineral  aggreg 
shall  be  measured  separately  and  accurately  by  weight  or  volume  by  accui 
plant  methods  which  meet  the  engineer's  specific  written  approval, 
required  quantity  of  hot  bituminous  material  for  each  batch  shall  be  meast 
by  actual  weighing  with  accurate  scales  attached  to  the  bucket, 
measuring  and  proportioning  shall  be  such  as  to  secure  accurately  and  < 
sistently  the  graded  mixture  prescribed  by  these  specifications.  Bate 
shall  be  uniform  and  shall  not  be  varied  except  by  direction  of  the  engin 
The  mixing  shall  be  done  in  an  approved  batch  mixer,  which  shall  be  desig 
and  operated  as  to  produce  and  discharge  a  uniform  mixture  of  thorouf 
coated  mineral  aggregate  and  bituminous  material  as  prescribed, 
heated  bituminous  material  shall  be  introduced  in  the  mixing  chamber  a 
the  mineral  aggregate  has  been  previously  mixed  therein.  The  mixtur- 
discharged  shall  be  at  a  temperature  between  250  and  350°F.,  and  shall 
vary  more  than  300  from  the  temperature  set  by  the  engineer  within  tl 
limits.  The  plant  must  be  provided  with  separate  heating  and  mixing  ch 
bers,  no  direct  heat  except  steam  shall  be  applied  to  the  exterior  surfac 
the  mixing  chamber,  and  no  flame  shall  be  allowed  to  pass  through  the  mi: 
chamber. 

43.13.  Placing. — The  prepared  mixture  shall  be  transported  from 
mixing  plant  to  the  road  in  tight  vehicles  previously  cleaned  of  all  fon 
materials,  and  shall  be  delivered  on  the  road  at  a  temperature  between 
and  350°F.  If  required  by  engineer,  the  loads  shall  be  protected  from 
weather  by  canvas,  or  other  suitable  material.  No  loads  shall  be  sent  ou 
late  in  the  day  as  to  prevent  spreading  and  rolling  the  mixture  during  c 
light,  unless  artificial  light  satisfactory  to  the  engineer  is  provided, 
work  shall  be  done  only  when  weather  conditions,  in  the  opinion  of 
engineer,  are  suitable. 

43.14.  Prior  to  the  arrival  of  the  hot  mixture  upon  the  work,  the  subgr;  • 
having  been  rolled,  shall  be  thoroughly  bonded  with  no  loose  or  fon 
particles  on  its  surface,  and  shall  be  dry,  or  in  any  case  free  from  stanc 
water.  Contact  surfaces  of  curbs,  gutters,  manholes,  etc.,  shall  be  pair 
with  a  thin  uniform  coat  of  hot  asphaltic  cement,  or  asphaltic  cerr 
dissolved  in  naphtha,  just  before  the  surface  mixture  is  placed  against  th 
Upon  arrival  at  the  work,  the  hot  mixture  shall  be  dumped  on  appro 
steel  "dump  boards"  outside  of  the  area  upon  which  it  is  to  be  spread, 
immediately  distributed  into  place  by  means  of  hot  shovels  and  spread  v 
hot  rakes  in  a  uniformly  loose  layer  of  such  depth  that  when  compac 
the  depth  shown  on  the  typical  cross-section  will  be  obtained.  Adjacen 
flush  curbs,  gutters,  etc.,  the  mixture  shall  be  raked  uniformly  high,  so  t 
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P  be  slightly  above  the  edge  of  the  curb  or  flush  structure.  The  mixture 
be  rolled  at  once  while  it  is  still  warm  and  pliable,  beginning  at  the 
and  working  toward  the  center.  The  rolling  shall  be  done  by  tandem 
s  weighing  net  less  than  8  tons,  or  by  a  similar  tandem  roller  and  a 
-wheeled  roller  weighing  not  less  than  10  tons.  Means  for  preventing 
ituminous  material  from  adhering  to  the  roller  shall  be  provided  as 
:ed  by  the  engineer.  The  rolling  shall  progress  continuously  at  the 
I  not  more  than  200  sq.  yd.  per  hour  per  roller,  and  shall  include  longitu- 
rolling  and  two  diagonal  rollings  approximately  at  right  angles  to  each 
,  The  motion  of  the  rollers  shall  be  at  all  times  slow  enough  to  avoid 
icement  of  the  hot  mixture  or  any  tendency  to  the  creation  of  waves, 
hall  be  continued  until  all  roller  marks  disappear  and  the  course  has  a 
y  of  not  less  than  95  %  of  its  maximum  calculated  density.  For  a 
distance  of  8"  around  all  structures  and  all  places  inaccessible  to  the 
5,  compression  shall  be  effected  by  hot  iron  tampers  of  bearing  area  of 
in.  or  more,  and  weight  of  not  less  than  25  lb. 

.5.  Joints. — Placing  of  the  base  course  shall  be  as  nearly  continuous  as 
le,  and  the  roller  shall  pass  over  the  unprotected  end  of  the  freshly 
Mnixture  only  when  the  laying  of  the  course  is  discontinued  for  such 
ifi  of  time  as  to  permit  the  mixture  to  become  chilled.  In  all  such  cases 
Bthe  work  is  resumed  the  material  laid  shall  be  cut  back  so  as  to  produce 
Bitly  beveled  edge  for  the  full  thickness  of  the  course.  The  old  material 
fl.  has  been  cut  away  shall  be  removed  from  the  work  and  new  mix  laid 
Kt  the  fresh  cut.  If  desired,  a  stout  rope  may  be  stretched  across  the 
■lent  where  the  joint  is  to  be  made.  When  the  work  is  resumed,  the 
Bial  laid  shall  be  cut  back  to  the  rope,  which  will  be  removed  together 
Bhe  surplus  material  and  the  fresh  mix  laid  against  the  joint  thus  formed. 
Smoothing  irons  may  be  used  for  sealing  joints,  but  in  such  case  extreme 
Hhall  be  exercised  to  avoid  burning  the  surface. 

4 16.  Surface  Finish  and  Tests. — The  surface  of  the  mixture  after  rolling 
■be  smooth,  dense,  and  true  to  the  established  crown  and  grade.  Before 
■Dmpletion  of  the  rolling  the  surface  shall  be  tested  as  follows,  and 
Rted  as  necessary  by  properly  adding  or  removing  hot  mixture,  retesting, 
■trolling  until  the  finished  surface  complies  with  the  test  requirements. 

417.  Surface  Tests. — The  finished  course  shall  show  no  deviation  from 
Bneral  surface  in  excess  of  %"  as  shown  by  deviation  from  a  io'  straight- 
laid  parallel  to  the  center  line  of  the  road  so  as  to  bridge  any  depressions 
■puch  all  high  spots. 

■  8.  Such  portions  of  the  course  as  are  defective  in  finish,  density,  or 
Bbsition  or  become  loose,  broken,  or  mixed  with  dirt  prior  to  the  applica- 
flbf  the  wearing  surface  shall  be  removed  and  replaced  with  fresh  hot 
■re  and  rebuilt  in  accordance  with  these  specifications  at  the  expense  of 
Mkntractor.  The  base  course  shall  be  protected  from  traffic  until  cold. 
■to.  The  surface  shall  be  maintained  in  its  finished  condition  until 
c«:ed. 

450.  Method  of  Measurement. — This  item  shall  be  measured  by  the 
pb  yard  complete  in  place. 

|ji.  Basis  of  Payment. — The  yardage  of  completed  and  accepted  work 
iKired  as  provided  above  shall  be  paid  for  at  the  contract  unit  price  bid 
Bquareyard,  for  Bituminous  Concrete  Base  Course,  which  price  shall 
■ill  compensation  for  quarrying,  furnishing,  hauling,  and  placing  all 
■jial,  for  preparaion  of  all  material,  for  all  labor,  equipment,  tools,  and 
■jntals  necessary  to  complete  the  work. 

Foundation  Type  C 
74A.  PORTLAND  CEMENT  CONCRETE 

■IMPOSITION. 

■js  foundation  shall  be  prepared  from  concrete  having  the  following 
Ttnsition:  Portland  cement  one  (1)  bag,  fine  aggregate  three  (3)  cubic 
«t  oarse  aggregate  five  (5)  cubic  feet  by  volume,  unless  the  character  of  the 
>?g?ate  is  such  that  the  specified  quantity  of  cement  required  per  cubic 
■Ls  not  secured.  In  such  cases,  the  ratio  of  cement  to  fine  aggregate  or 
■p  aggregate  to  coarse  aggregate,  shall  be  changed  as  herein  provided 
■tit  the  specified  quantity  of  cement  will  be  secured  per  cubic  yard  of 
Kte.  The  Contractor  will  receive  no  additional  compensation  for 
■Lg  such  changes. 

Xicrete  headers,  when  integral  with  the  foundation,  shall  be  constructed 
■  same  aggregate  used  in  the  foundation,  but  shall  have  the  following 
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composition:  Portland  cement,  one  (i)  bag;  fine  aggregate,  two  (2) 
feet;  coarse  aggregate,  four  (4)  cubic  feet. 

2.  Materials  Required. 
Cement — The  cement  shall  meet  the  requirements  given  in  Article  9 
Fine  Aggregate — The  fine  aggregate  shall  be  concrete  sand  as  defin 

Article  95  b. 

Coarse  Aggregate — The  coarse  aggregate  shall  be  trap  rock,  dolomi 

_ ,  concrete  size  or  grade  as  specified  in  Articles  92 

inclusive. 

Cement  and  Aggregate — Before  any  orders  are  placed  or  deliveries  r 
the  Contractor  shall  obtain  the  Engineer's  written  approval  of  the  cei 
fine  and  coarse  aggregates  he  intends  to  use.  In  making  requests  fo: 
approval,  the  Contractor  will  give  the  name,  producer,  location,  and  m< 
of  shipment  of  these  materials. 

Water — All  water  used  in  concrete  shall  be  clean,  free  from  oil,  acids, 
lies,  sea  salts,  vegetable  matter,  or  ingredients  that  are  injurious  to  con 

Joint  Filler — All  joint  fillers  used  shall  comply  with  the  requirements 
therefor  in  Article  103  for  Grade  M.  A.  Joint  Fillers. 

3.  General. 

The  completed  foundation  shall  have  the  width,  thickness  and  si 
contour  shown  on  plans. 

A  cubic  yard  of  concrete  shall  contain  not  less  than  four  and  sixt] 
hundredths  (4.64)  bags  of  cement. 

The  Engineer  shall  compare  the  calculated  amount  of  cement  reo 
according  to  these  specifications,  with  the  amount  actually  used,  as  1 
mined  by  actual  count  of  the  number  of  bags  of  cement  used  per  da; 
the  amount  of  cement  used  during  any  three  (3)  consecutive  days  is  k 
more  than  five  (5)  per  cent,  or  if  the  amount  of  cement  used  durin; 
one  day  is  less  by  more  than  ten  (10)  per  cent  of  the  amount  hereinl 
required,  the  Contractor  shall,  at  his  own  expense,  remove  all  such  coi 
and  replace  the  same  with  new  concrete,  constructed  according  to 
specifications. 

The  subgrade  must  comply  with  the  requirements  specified  in  Articl 
68  and  73.  In  addition  it  must  be  kept  constantly  wet  at  least  fifty  (s< 
in  front  of  the  mixer.  To  secure  the  desired  depth  of  saturation,  th 
grade  shall  be  sprinkled  at  frequent  intervals.  The  rapidity  with  whi< 
water  shall  be  applied  and  the  quantity  used  shall  vary  with  the  cha 
of  the  subgrade.  The  depth  of  saturation  for  sand  and  gravel  subf 
shall  not  be  less  than  four  (4)  inches,  for  clay  and  clay  loam  subgrad 
less  than  three  (3)  inches.  The  rate  the  water  is  applied  and  meth 
sprinkling  employed,  shall  be  such  as  not  to  form  pools  of  water  c 
surface  of  the  subgrade  yet  all  parts  of  the  subgrade  must  be  saturated 
depth  required  before  any  concrete  is  applied  thereon. 

After  the  subgrade  has  been  properly  wet  it  must  be  protected  i 
manner  ordered  by  the  Engineer  so  that  ruts  are  not  formed  durir 
hauling  of  the  aggregate  or  paving  mixtures. 

All  materials  used  in  a  concrete  foundation  must  be  kept  clean  < 
transportation  and  hauling.  Neither  the  coarse  or  fine  aggregate  shj 
deposited  upon  the  subgrade  shoulders  or  adjacent  gutters  unless  perrr 
is  given  therefor  in  the  "Proposal."  When  deposited  in  piles  adjaa 
the  work  the  ground  upon  which  the  material  is  deposited  must  be 
firm,  well  drained  and  free  from  all  vegetable  matter.  All  devices  u 
measuring  these  aggregates  shall  be  so  constructed  that  they  will  ho' 
exact  volume  of  material  required,  and  meet  the  approval  of  the  Engin 

No  concrete  shall  be  prepared  or  laid  until  the  condition  of  the  equip 
that  will  be  used  in  the  preparation  thereof  has  been  approved  in  writi  I 
the  Engineer.      This  approval  will  be  required  for  each  contract  and  si 
requested  by  the  Contractor  sufficiently  in  advance  of  starting  work  1 1 
mit  of  any  required  changes  being  made  without  delaying  the  work. 

The  Contractor  shall  provide  such  measuring    devices  as  will  insu  I 


required  quantity  of  each  ingredient  being  used  in  each  batch.  Al 
devices  and  the  method  of  measuring  the  materials  must  be  approved  1 
Engineer.  A  bag  of  portland  cement  ninety-four  (94)  pounds  net,  st 
considered  as  one  (1)  cubic  foot. 

The  proportions  of  fine  and  coarse  aggregate  required  to  be  used  to  1 
the  specified  cement  content,  also  the  consistency  required  and  the  cm 
strength  of  the  concrete  thus  prepared,  shall  be  determined  by  the  Eng 
These  factors  must  be  determined  for  each  contract  during  the  prepa  I 
of  the  initial  concrete.     No  concrete  shall  be  laid  until  they  have  been 
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mined.  When  so  determined  they  shall  only  be  changed  when  the 
red  cement  content  is  not  being  secured.  The  Construction  Inspector 
notify  the  Engineer  when  the  initial  concrete  will  be  prepared,  said 
i  to  be  given  at  least  five  (5)  days  previous  to  its  preparation,  also 
ever  the  required  cement  content  is  not  being  secured, 
ncrete  shall  not  be  mixed  or  laid  when  the  atmospheric  temperature  in 
tade  or  the  temperature  of  the  aggregate  is  at  or  below  32  deg.  F.  When 
;n  permission  is  secured  from  the  Engineer  to  construct  pavement  when 
;mperature  drops  below  32  deg.  F.  at  night,  the  concrete  must  be  pro- 
1  from  freezing  by  one  of  the  following  methods.  Any  concrete  that 
een  frozen  before  it  is  five  days  old  shall  be  replaced. 
After  the  strips  of  canvas  or  burlap  have  been  removed,  the  concrete 
be  covered  with  a  six  (6)  to  eight  (8)  inch  layer  of  straw  or  salt  hay  over 
1  a  canvas  cover  shall  be  spread  and  firmly  fastened  in  place.  This 
shall  be  at  least  four  (4)  feet  longer  than  the  pavement  is  wide,  laid 
i  the  pavement  with  edges  overlapping,  and  the  edges  of  each  layer 
'  fastened  in  place  by  straps  or  weights.  Upon  this  canvas  there  is  then 
i  another  layer  of  straw  if  the  weather  is  fairly  severe. 
Board  are  placed  across  the  center  of  the  concrete  at  frequent  intervals 
which  a  steam  pipe  is  laid.  The  entire  pavement  is  then  covered  with 
en  trestles  slightly  longer  than  the  pavement  is  wide  and  which  are  of 
ent  height  to  leave  an  air  space  of  not  less  than  six  (6)  inches  above  the 
aent  surface.  These  boards  are  then  covered  with  canvas  or  strips 
Ted  paper  which  must  be  firmly  fastened  in  place.  Steam  is  then 
i  through  the  pipe  until  the  weather  has  moderated  or  the  pavement 
east  five  days  old. 
Bring  very  severe  weather  this  method  of  protection  should  always  be 
Kind  it  may  be  found  necessary  in  extreme  cases  to  cover  the  canvas 
Hi  layer  of  salt  hay  or  straw. 
■rface  Finish. 

mt  finished  surface  of  the  concrete  shall  be  uniform  in  appearance,  free 

Hall  loose  or  partly  imbedded  stone,  lean  or  porous  spots,    depressions 

Ejections  that  are  over  three-eighths  (£s)  inch  above  or  below  the  speci- 

irface  of  the  concrete  as  determined  by  a  straight  edge,  not  less  than  ten 

eet  long  laid  parallel  to  the  center  line  of  the  pavement.     It  must  also 

the  required  grade  and  parallel  to  the  finished  surface  at  all  points. 

NSISTENCY. 

;  consistency  of  the  concrete  shall  be  determined  by  the  slump  method, 
the  slump  has  been  determined  for  concrete  containing  a  given  aggre- 
ao  subsequent  concrete  prepared  from  these  aggregates  shall  have  any 
:r  slump.  All  concrete  that  has  a  greater  slump  shall  be  removed  from 
adway  before  any  initial  set  has  developed.  Said  slump  shall  be  deter- 
with  a  truncated  cone  twelve  (12)  inches  high,  eight  (8)  inches  diam- 
;  the  base,  and  four  (4)  inches  diameter  at  the  top. 
en  the  require  consistency  of  the  concrete  has  been  established  by  the 
d  defined  above,  the  crushing  strength  of  this  concrete  shall  be  deter- 
by  six  (6)  inch  cubes.  These  cubes,  and  all  subsequent  cubes  taken 
isted,  shall  be  moulded  and  cured  in  the  field  in  the  same  manner,  and 
when  twenty-eight  (28)  days  old.  In  determining  the  average  crush- 
rength  of  this  concrete,  not  less  than  three  (3)  nor  more  than  five  (5) 
shall  be  taken  at  irregular  intervals  from  different  batches  of  concrete, 
the  average  strength  of  this  concrete  has  been  thus  determined,  all 
ment  concrete  prepared  from  the  same  aggregates  shall  have  a  crushing 
th  of  not  less  than  seventy- five  (75)  per  cent  of  this  average,  and  not 
than  ten  (10)  per  cent  of  the  individual  samples  shall  have  a  crushing 
;h  less  than  ninety  (90)  per  cent  of  this  average. 
king  Concrete. 

materials  shall  be  mixed  in  a  concrete  mixer  of  the  batch  type,  having 
.city  of  not  less  than  three  (3)  bags  of  cement  per  batch  of  concrete  of 
imposition  herein  specified.  Said  mixer  shall  be  equipped  with  an 
atic  locking  device  that  will  prevent  materials  being  discharged  before 
ave  been  in  the  mixer  the  required  length  of  time,  a  water  tank  contain- 
1  adjustable  overflow  with  the  necessary  valves  to  prevent  water 
I  into  the  tank  while  the  tank  is  discharging  into  the  mixer,  and  a  speed 
tor  that  will  prevent  the  drum  from  revolving  slower  than  twelve  (12) 
r  than  twenty  (20)  revolutions  per  minute.  Each  batch  must  be  in 
in  the  mixing  drum  at  least  one  and  one-quarter  (ij^)  minutes  or  as 
onger  as  may  be  necessary  to  insure  a  uniform  and  homogeneous  con- 
aat  has  the  required  consistency.     If  the  timing  device  should  be  out  of 
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order,  the  concrete  must  be  mixed  not  less  than  two  and  one-half 
minutes  until  such  time  as  said  device  is  repaired.     The  drum    mu 
completely  emptied  before  mixing  successive  batches.     The  concrete 
be  mixed  only  in  such  quantity  as  will  be  required  for  immediate  use. 
concrete  that  has  developed  initial  set  or  has  been  mixed  longer  than  t 
(30)  minutes  before  being  deposited  in  place,  shall  not  be  used. 

The  different  ingredients  used  must  be  perfectly  clean,  kept  free 
foreign  materials  during  the  operation  of  handling,  mixing,  and  placing. 
Contractor  must  prevent  any  segregation  of  the  coarse  or  fine  particles  1 
aggregate  taking  place  during  hauling  or  the  handling,    or  the  inc] 
therewith  of  any  foreign  material  when  these  materials  are  loaded  int 
measuring  bins  or  mixer. 

The  Contractor  shall  notify  the  Engineer,  in  writing,  at  least  three  (3) 
in  advance  when  he  is  ready  to  prepare  the  initial  concrete. 

7.  Placing  Concrete. 

After  mixing,  the  concrete  shall  be  deposited  at  once  in  successive  b? 
upon  the  subgrade  to  the  required  depth  and  for  the  entire  width 
pavement.  Immediately  after  being  thus  deposited,  the  piles  or  bate 
concrete  shall  be  uniformly  distributed  over  the  subgrade  so  that  the  1 
ing  surface  is  fairly  uniform  in  character,  and  sufficiently  above  the  gr. 
the  finished  surface  that,  after  being  struck  off  the  surface  thereof  will ; 
compressed  belowthe  grade  specified  therefor.  _  t 

When  concrete  is  to  be  placed  adjacent  to  railroad  tracks,  or  arounc 
structures  as  catch  basins,  manhole  tops,  or  other  objects  that  project  th 
the  pavement,  no  concrete  shall  be  placed  within  eighteen  (18)  inches  < 
tracks  or  structures  until  they  have  been'  set  to  the  required  grac 
alignment. 

8.  Finishing  Concrete. 

The  concrete  shall  be  brought  to  the  required  grade  and  curvature  1 
use  of  a  hand  strike  board.  This  board  must  be  at  least  eighteen  (18) 
longer  than  the  pavement  is  wide.  A  hand  template  shall  be  used  t 
solidate  the  concrete  and  produce  the  required  finish.  Both  the  strike 
and  template  shall  have  the  same  curvature  as  that  specified  for  the  ere 
the  pavement. 

After  being  properly  placed  the  concrete  shall  be  struck  off  and  the 
surface  thereof  tamped  until  thoroughly  consolidated  and  of  a  ui 
consistency  and  density.  Additional  concrete  shall  be  added  to  all  low 
and  porous  spots,  and  retamped  to  the  required  grade  and  density, 
concrete  should  not  be  tamped  to  the  required  grade  and  solidity  late 
thirty  (30)  minutes  after  placing,  but  must  be  properly  struck  o 
tamped  before  any  initial  set  has  developed. 

9.  Curing  and  Protecting. 

After  the  concrete  has  been  properly  struck  off,  tamped  and  tested,  i 
be  covered  at  once  with  strips  of  burlap  or  canvas  laid  perpendicular 
center  line  of  the  pavement.  The  edge  of  each  strip  shall  overk 
adjacent  strips  about  one  (1)  inch.  The  different  strips  of  burlap  si 
at  least  two  (2)  feet  longer  than  the  width  of  the  pavement. 

When  properly  placed  this  covering  shall  be  sprinkled  at  once  witl 
cient  water  to  saturate  it  and  kept  wet  until  removed.  As  soon  as  tl 
crete  has  hardened  sufficiently  to  prevent  pitting,  _  these  strips  si 
removed  and  the  concrete  protected  by  covering  it  immediately  wi" 
hay  or  straw.  This  covering  shall  be  spread  in  a  layer  not  less  than 
inches  thick,  loose,  and  must  be  added  in  sufficient  quantity  to  corn- 
cover  the  concrete.  During  the  spreading,  care  must  be  exercised  tl 
surface  of  the  concrete  is  not  marred  or  injured.  As  soon  as  spread,  i  | 
be  wet  at  once  and  kept  constantly  saturated  for  at  least  ten  (10) 
The  pavement  must  be  kept  closed  to  traveling  public,  contractor,  en> 
and  officials,  for  at  least  fourteen  (14)  days,  and  as  much  longer 
Engineer  may  order. 

The  water  pipe,  which  supplies  the  water  for  the  concrete  must 
removed  before  the  time  required  for  the  curing  of  the  adjacent  co: 
This  pipe  line  must  be  provided  with  tees  and  stop  cocks  at  intervals 
over  two  hundred  (200)  feet  and  must  be  of  sufficient  size  to  permit 
proper  sprinkling  of  the  concrete  and  the  operation  of  the  concrete  m 
the  same  time. 

The  Contractor  shall  erect  and  maintain  suitable  barricades  to  prott 
concrete  from  traffic,  domestic  animals,  etc.  Any  part  of  the  cc 
damaged  from  traffic  or  any  other  cause  occurring  prior  to  its  final  t 
ance,  shall  be  repaired  or  replaced  by  the  Contractor  at  his  own  expen! 
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iner  satisfactory  to  the  Engineer.  Before  any  surface  pavement  materials 
deposited  on  the  foundation,  the  covering  shall  be  removed  and  disposed 
s  directed  by  the  Engineer. 

permission  is  given  to  lay  concrete  when  the  temperature    may  drop 
w  thirty-two   (32)   degrees  Fahrenheit  before  the  concrete  is    five   (5) 
s  old,  the  concrete  shall  be  protected  in  the  manner  specified  above. 
Side  Forms. 

he  thickness  of  the  pavement  foundation  and  its  alignment  shall  be 
rmined  by  side  forms.  These  shall  be  set  to  the  established  line  and 
le  of  the  pavement  foundation  with  their  upper  faces  at  the  grade 
blished  for  the  adjacent  edge.  They  must  be  equal  in  width  to  the 
kness  of  the  pavement  foundation  at  the  edge,  shall  be  firmly  held  in 
e  by  lock  nuts,  clamps,  and  steel  pins,  and  supported  at  all  joints  or  else- 
re  as  needed  to  prevent  the  forms  from  springing  out  of  alignment. 
"orrns  shall  have  square  ends  with  clamping  devices  which  will  lock  adjacent 
s  firmly  together.     The  anchoring  pins  must  be  not  less  than  twenty-four 

inches  long,  and  of  sufficient  size  to  firmly  hold  the  forms  in  place.      No 

,  nuts  or  clamps  shall  project  above  the  top  of  the  form  or  be  so  placed 

o  interfere  with  the  free  movement  of  the  strike  board  or  tamper.      All 

tis  must  be  straight,  free  from  warp,  clean  when  used,  and  oiled  if  so 

ired.     Forms  shall  not  be  removed  sooner  than  fifteen  (15)  hours  after 

adjacent  concrete  has  been  placed. 

Joints. 

xpansion  joints  shall  be  constructed  at  the  end  of  each  day's  work,  or 

n  work  is  suspended  for  over  thirty  (30)  minutes,  and  at  all  other  places 

gnated  on  plans. 

xpansion  joints  shall  be  of  either  the  poured  or  premoulded  type.      When 

type  to  be  used  is  not  designated  on  plans,  the  Contractor  may  construct 

er.     The  bitumen  used  to  form  the  joints  and  the  method  of  manufactur- 

premoulded  joints  must  comply  with  the  requirements  given  therefor  in 

cle  103. 

he  forms  used  to  cast  a  poured  joint  must  be  so  designed  and  used  that 

concrete  will  not  be  injured  by  its  removal,  the  opening  will  have  the 

ified  dimensions,  be  perpendicular  to  the  pavement  surface  and  axis  must 

pproved  by  the  Engineer.     They  shall  be  so  set  that  the  top  edge  is  at 
same  elevation  as  the  surface  of  the  concrete  and  firmly  held  in  place 
ron  rods  or  pins  driven  into  the  subgrade. 
he  bitumen  used  for  pour  joints  shall  be  Grade  P.  A.  and  shall  be  applied 

temperature  between  300  and  400  deg.  F.  Sufficient  bitumen  shall  be 
L  to  fill  the  joint  flush  full.     The  joint  must  be  opened    to  full  depth 

both  faces  clean  and  dry  when  the  bitumen  is  applied, 
remoulded  joints  shall  be  formed  by  inserting  during  construction,  sheets 
)ituminized   felt   or   prepared   semi-solid   bitumen   complying   with    the 
irements  given  therefor  in  Article  103.     These  sheets  shall  be  inserted 
>endicular  to  the  axis  of  the  pavement  and  its  surface.      They  shall  be 
il  in  length  to  the  width  of  the  foundation,  have  the  same  width  as  the 
kness  specified  for  said  foundation,  and  the  top  edges  cut  to  the  required 
rature  before  installation.     When  two  sheets  are  used  for  one  joint,  the 
iting  ends  must  be  cut  square  and  held  firmly  together  during  installa- 
,  placing  and  finishing  of  the  concrete.      After  side-forms  are  removed, 
ends  of  the  joints  shall  be  cleaned  of  all  concrete  to  the  full  depth, 
he  device  used  to  hold  the  joint  filler  in  position  until  the  adjacent  con- 
i  has  been  placed,  shall  be  a  metal  plate  equal  in  length  to  the  width 
le  foundation,  have  one  edge  cut  to  the  crown  specified  for  the  surface  of 
foundation,  be  of  sufficient  thicknesss,  and  so  designed  that  it  can  easily 
istened  and  held  in  place  without  springing  out  of  shape  or  alignment. 
Reinforcement. 
he  concrete  shall  be  reinforced  at  all  points  shown  on  plans  with  the  size 

type  of  metal  designated,  also  at  all  places  where  trenches  or  other 
tings  are  made  in  the  subgrade  for  the  installation  of  drains  or  structures 

shown  on  plans.     When  no  method  of  reinforcing  the  concrete  over 

ings  made  in  the  subgrade  is  shown  on  plans,  it  shall  be  reinforced  as 

ws: 

le-half  Q4),  inch  deformed  bars  shall  be  placed  perpendicular  to  the 

h,  two  (2)  inches  above  the  bottom  of  the  concrete  foundation,  spaced 

ye  (12)  inches  to  centers  and  shall  extend  for  a  distance  at  least  twelve 

inches  beyond  each  edge  of  the  opening.      Payment  will  be  made  for  all 
reinforcement  installed,  not  shown  on  plans,  at  the  contract  unit  price 

sound  in  place. 
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Series  of  1917 

IOWA  STATE  HIGHWAY  COMMISSION 

AMES,  IOWA 

Standard    Specifications    Fc 
Earth  and  Gravel  Road 
Construction 


Revised  series  of  191 7  distributed  by  the  State  Highway  Comm 
sion  under  Chapter  I-A,  Title  VIII,  Supplement  to  the 
Code  191 3  as  amended  by  Acts  of  the  Thirty- 
Sixth  General  Assembly 

Section  Three 

EARTH  ROADS 

1.  Alignment.— The  center  of  the  finished  roadway  shall  conform  in  ali 
ment  to  the  center  stakes.  These  stakes  shall  follow,  as  nearly  as  possi 
the  center  line  of  the  right-of-way. 

2.  Grade  Lines. — The  grade  line  shown  on  the  profiles  shall  denote 
crown  of  the  finished  roadway  at  its  center  line. 

3.  Cross-section. — Unless  otherwise  provided  the  cross-section  to  be  u 
is  the  standard  cross-section  of  the  Highway  Commission  for  the  road  sysl  i 
on  which  the  work  is  located. 

Note. — The  Commission  will  approve  changes  in  the  standard  cross-!  * 
tion  to  meet  local  conditions,  on  specific  improvements,  but  a  change  •» 
proved  for  one  road  shall  not  be  construed  to  apply  to  other  roads.  In  e  J 
case  the  proposed  change  should  be  submitted  to  the  district  engineer  t  I 
will  make  a  field  examination  to  determine  the  feasibility  of  the  char  (j 
proposed. 

4.  Grading. — Under  this  head  will  be  included  all  excavation  and  1  % 
bankments  required  for  the  formation  of  the  earth  roadway,  cutting  1 
ditches  along  or  contiguous  to  the  road,  forming  the  approaches  to  all  :  1 
roads  and  farm  entrances,  changing  of  stream  channels,  and  all  other  e?  J? 
vations  and  embankments  connected  with  or  incident  to  the  constructioi  1 
the  road.     Grading  will  be  estimated  under  the  following  heads,  viz. : 

Solid  rock  excavation. 
Loose  rock  excavation. 
Earth  excavation. 
Solid  rock  excavation  will  include  all  rock  in  masses  which  can  not  be  f 
moved  without  blasting,  also  all  detached  rock  or  boulders  measuring    j 
less  than  one  cubic  yard  each. 

Loose  rock  excavation  will  include  all  slate  or  other  rock  which  car  J 
quarried  or  removed  without  blasting,  also  all  detached  rock  or  boulcf 
measuring  not  less  than  one-fourth  nor  more  than  one  cubic  yard  each.    1 
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arlh  excavation  will  Include  all  loose  stones,  boulders,  and  other  material 
very  description  as  found,  which  are  not  included  in  the  above  specifica- 
s  as  solid  and  loose  rock. 

.  Excavation. — Excavation  shall  be  made  in  all  cases  to  the  required 
nment  and  cross-section.  Any  roots,  stumps,  or  other  timber  encoun- 
d  in  the  excavation  shall  be  removed  and  burned  or  otherwise  disposed 
s  directed  by  the  engineer,  but  shall  not  be  placed  in  the  embankments, 
materials  taken  from  excavations  shall  be  deposited  in  the  embankments 
_ss  otherwise  specified  or  directed  by  the  engineer.  The  cost  of  moving 
same  when  the  average  length  of  haul  does  not  exceed  five  hundred  (500) 
will  be  considered  as  included  in  the  price  per  cubic  yard  for  excavation. 
Provision  for  Drainage. — If  it  is  necessary  in  the  prosecution  of  the 
c  to  interrupt  or  obstruct  the  natural  drainage  of  the  surface,  _ or  the 
of  artificial  drains,  the  contractor  shall  provide  for  the  same  during  the 
ress  of  the  work  in  such  a  way  that  no  damage  shall  result  to  either 
lie  or  private  interests.  He  shall  then  be  held  liable  for  all  damages 
h  may  result  from  any  neglect  to  provide  for  either  natural  or  artificial 
nage  which  he  may  have  interrupted. 

Intercepting  Ditch. — In  cuts  along  sidehills  where  there  is  a  possbilitiy 
urface  water  causing  damage  by  flowing  down  the  side  slope  of  the  cut, 
tch  shall  be  constructed  to  .intercept  the  surface  water  and  prevent  it 
flowing  into  the  cut.  The  contractor  will  be  paid  for  this  work  as  an 
a. 

.  Borrow  Pits. — When  sufficient  material  for  the  embankments  is  not 
linable  within  the  side  ditches  and  excavations  as  staked  out,  the  con- 
tor  shall  make  up  the  deficiency  from  borrow  pits  laid  out  by  the  engineer. 
Browing  must  be  done  from  regular  shaped  borrow  pits  in  order  to  admit 
Beady  and  accurate  measurements,  care  being  taken  not  to  unnecessarily 

■  re  or  disfigure  the  land.  _  The  banks  must  be  sloped,  the  pits  so  con- 
Bcted  that  surface  water  will  drain  out  and  the  premises  left  in  a  condition 
Bsfactory  to  the  engineer.  The  right-of-way  for  borrow  pits  will  be  fur- 
Bed  by  the  county. 

3>.  Berms. — Wherever  it  becomes  necessary  to  make  an  excavation  along 

■  side  of  the  road  as  in  the  construction  of  borrow  pits,  ditches,  etc.,  a 
tm  not  less  than  four  feet  in  width  shall  be  left  between  the  toe  of  slope 
oihe  roadway  embankment  and  the  top  of  the  excavation  bank. 

{*>.  Waste. — When  the  amount  of  cut  exceeds  the  amount  of  fill  the  excess 

Aerial  shall  be  deposited  as  directed  by  the  engineer.     Such  material  shall 

Berably  be  used  in  widening  the  adjacent  fills  so  as  to  reduce  the  side 

si  es  thereon. 
1.  Embankments. — Embankments    shall    be    carried    up    in    horizontal 

B;rs,  each  of  which  shall  be  carried  out  to  its  proper  width  in  the  cross- 
ion  of  the  roadway.  Sod  obtained  in  the  cuts  may  be  deposited  in  the 
ankments  provided  it  is  so  placed  as  to  be  not  closer  than  twelve  (12) 
es  to  the  finished  roadway  or  subgrade.  Stones  obtained  from  cuts 
1  be  so  distributed  in  the  embankments  as  to  not  form  pockets  or 
ties.  All  existing  slopes  and  surfaces  of  embankment  shall  be  plowed 
re  additional  fill  is  to  be  made,  so  that  the  new  material  will  bond  with 
old. 

Guard  Rail. — Where  the  height  of  an  embankment  is  over  six  feet, 
tantial  guard  rails  shall  be  constructed  along  the  shoulders.  Such  guard 
will  be  paid  for  at  the  price  bid  per  lineal  foot  of  rail.  Where  the  height 
he  embankment  is  six  feet  or  less,  the  side  slopes  shall  be  flattened  to  a 

Be  not  steeper  than  three  to  one  (3  :  1)  unless  otherwise  shown  on  the  plans. 

1 3.  Sod  in  Blade  Grader  Work  and  Shallow  Fills. — In  blade  grader  work 

■  in  fills  so  shallow  that  the  sod  cannot  be  kept  at  least  twelve  (12")  inches 
K»w  the  finished  roadway,  such  sod,  after  being  cut  loose  with  blade  grade 
■plows,  shall  be  disked  and  harrowed  until  it  is  reduced  to  small  pieces 
Bch  will  not  interfere  with  traffic.  These  small  pieces  of  sod  shall  not  be 
Bosited  in  the  middle  of  the  road  but  shall  be  deposited  near  the  shoulders 
B  shall  be  covered  with  earth.  The  middle  portion  of  the  road  shall  be 
klned  of  earth  free  from  sod.  The  disking  and  harrowing  of  sod  is  included 
Bhe  price  bid  for  excavation. 

Bj.  Side  Ditches. — The  side  ditches  shall  be  excavated  to  the  depth, 
Inment,  and  cross-section  shown  on  the  drawings.  Care  shall  be  taken 
Secure  a  uniform  grade  on  the  ditches  so  that  the  water  will  readily  drain 
b  and  to  secure  smooth,  uniform  slopes  on  the  ditch  banks  in  strict  con- 
U nance  with  the  drawings. 


1446 


SPECIFICATIONS 


15.  Clearing  and  Grubbing. — The  ground  included  in  the  highway  m- 
be  cleared  of  trees,  stumps,  brush,  weeds  and  grass  to  the  full  width  of  rig 
of-way,  unless  otherwise  directed.  All  timber,  stumps,  brush,  and  ot 
vegetable  matter  must  be  burned  unless  otherwise  directed  by  the  engine 
Such  material  shall  not  be  placed  in  the  embankments. 

Where  embankments  are  to  be  more  than  two  and  one-half  feet  in  heig 
it  will  be  sufficient  to  cut  all  trees,  stumps,  and  brush  close  to  the  grou 
Where  embankments  are  to  be  less  than  two  and  one-half  feet  in  heig 
and  in  all  excavations,  all  stumps  and  large  roots  must  be  grubbed  out 
burned  or  removed. 

Unless  otherwise  specified,  clearing  and  grubbing  will  be  paid  for  as  ex 
work,  as  provided  in  Section  Two,  paragraph  22.  Allowance  will  be  nu 
for  all  grubbing  in  excavations  for  the  roadbed,  all  grubbing  in  borrow  ] 
ordered  and  staked  out  by  the  engineer  to  supply  material  for  the  emba 
ments,  and  all  grubbing  in  embankments  less  than  two  and  one-half  \ 
high,  but  will  not  be  allowed  for  embankments  over  two  and  one-half  J 
high,  or  in  borrow  pits  made  by  the  contractor  without  having  been 
ordered  by  the  engineer. 

16.  Hedge  rows. — Hedges,  under  these  specifications,  are  rows  of  tree; 
bushes,  used  for  fence  purposes  or  wind  breaks,  containing  at  least  tl 
bushes  or  trees  per  rod.  For  removing  such  hedges  the  contractor  will 
paid  the  price  bid  per  rod. 

17.  Measurements. — Grading  shall  be  estimated  and  paid  for  by 
cubic  yard  at  the  prices  specified  in  the  tender.     Measurements  of  grac 
quantities  will,  in  all  cases,  be  made  from  the  cuts  or  pits  from  which 
material  is  taken,  by  cross-sectioning  before  and  after  excavation,  and 
volumes  determined  by  the  average  end  area  method. 

18.  Haul  and  Overhaul. — The  average  length  of  haul  shall  be  determi 
by  locating  the  center  of  gravity  of  the  cut  and  the  center  of  gravity  of 
corresponding  fill.  If  the  center  of  gravity  of  the  cut  is  more  than 
hundred  (500)  feet  from  the  center  of  gravity  of  the  corresponding  fill,  o- 
haul  at  the  rate  of  one  cent  per  cubic  yard  per  100  feet  will  be  allowed 
the  entire  amount  of  material  in  the  cut  for  the  distance  between  the  cen 
of  gravity  in  excess  of  five  hundred  (500)  feet. 

Note. — Should  the  engineer  desire  to  eliminate  any  payment  for  overh 
a  stipulation  to  that  effect  may  be  inserted  in  the  instructions  to  bide 
as  provided  in  Section  Two,  paragraph  25. 

19.  Tile  Sub-drains. — Tile  sub-drains  shall  be  put  in  wherever  showi 
the  plans.  The  tile  used  shall  meet  the  requirements  of  the  standard  sp 
fications  for  farm  drain  tile  adopted  in  1916  by  the  American  Society 
Testing  Materials.  The  tile  shall  be  laid  true  to  grade  and  alignn 
established  by  the  engineer.  _  For  furnishing  and  laying  tile  drains,  the  < 
tractor  will  be  paid  at  the  price  bid  for  such  work. 

Note. — The  first  requirement  of  road  construction  is  to  get  a  well-drai 
roadbed.  For  this  reason,  county  engineers  are  instructed  to  require 
drainage  on  all  portions  of  the  highways  where  there  is  any  question  reg. 
ing  the  adequacy  of  the  surface  drainage  or  the  stability  of  the  soil. 

If  possible,  the  flow  line  of  the  tile  shall  be  placed  a  minimum  dept 
five  feet  below  the  elevation  of  the  roadway  shoulders.  No  tile  less  t 
six  inches  in  diameter  shall  be  specified. 

Where  the  grade  of  the  side  ditch  is  less  than  one  per  cent.,  inlets  to 
tile  shall  be  provided  at  intervals  of  about  five  hundred  feet.     These  ir 
shall  be  constructed  by  filling  the  trench  for  a  length  of  about  three 
with  coarse  gravel,  broken  stone,  or  other  suitable  proous  material, 
top  of  the  porous  material  shall  be  raised  about  eight  inches  above  the 
of  the  trench. 

20.  Finishing  Stakes. — The  engineer  shall  set  suitable  finishing  stake 
guide  the  contractor  in  finishing  the  road. 

Note. — One  of  the  most  common  defects  in  earth  road  construction  is 
failure  to  bring  the  earth  shoulders  up  to  the  proper  grade  and  alignm 
The  shoulders  are  often  left  low  and  irregular,  thus  resulting  in  an  unsig. 
road  having  too  much  crown  in  the  center.  This  defect  can  be  obvn 
only  by  setting  stakes,  giving  the  grade  and  alignment  of  the  shoulders, 
finishing,  the  contractor  should  use  a  templet  to  fit  the  crown  of  the  n 
and  in  this  case  stakes  need  be  set  only  along  one  shoulder  or  along  the  ce: 
line.  If  no  templet  is  used,  finishing  stakes  should  be  set  along  each  shou 
and  on  the  center  line. 
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inishing  stakes  on  fills  should  be  set  above  the  established  grade  so  as  to 
w  the  proper  amount  of  shrinkage.  Under  average  conditions  the  fol- 
ing  percentages  of  shrinkage  should  give  satisfactory  results. 

■n.      4.u     e  win  Percentage  of 

Depth  of  Fill  Shrinkage 

Up  to  5.0  feet 15  % 

5.0  feet  to  12.0  feet 12  % 

12.0  feet  to  18.0  feet 10  % 

1.  Finishing. — If  the  road  is  not  to  be  surfaced  with  gravel,  the  contractor 
11,  after  having  brought  it  substantially  to  grade,  complete  the  work  in 
1  a  manner  that  the  finished  road  will  be  smooth  and  true  to  cross-section, 

■ie  and  alignment.  No  extra  compensation  will  be  allowed  for  finishing 
a  his  work  must  be  included  in  the  price  bid  for  excavation. 
If  the  road  is  to  be  surfaced  with  gravel,  the  earthwork  necessary  for 
■ning  the  sub-grade  shall  be  executed  in  the  manner  specified  for  the  class 
travel  surfacing  to  be  used.  The  preparation  of  the  sub-grade  for  the 
■vel  surfacing  is  not  included  in  the  price  bid  for  earthwork. 

2.  Installing  Temporary  Culverts. — Temporary  culverts  will  be  construed 
Mnean  corrugated  culverts,  boiler  pipe  culverts,  concrete  tile  culverts,  or 
c:  iron  culverts  not  over  thirty-six  inches  in  diameter,  and  placed  without 
■manent  bulkheads.  The  county  will  furnish  and  deliver  temporary  cul- 
fts  at  the  railroad  station.  The  contractor  will  be  required  to  haul, 
■perly  place,  and  fill  over  such  culverts.  For  this  he  will  be  paid  at  the 
Ke  bid  per  lineal  foot. 

Item  51.  Sand-clay  Surface  Course1 

t  .1.  Description. — This  item  shall  consist  of  a  wearing  course  composed  of 
■intimate  mixture,  either  natural  or  artificial,  of  properly  proportioned 
ltd  and  clay,  and  shall  be  constructed  on  the  prepared  subgrade  in  accord- 
ae  with  these  specifications  and  in  conformity  with  the  lines,  grades, 
fcpacted  thickness,  number  of  component  courses,  and  typical  cross-section 
■wn  on  the  plans. 

8)1.2.  Material. — Natural  sand  clay  shall  consist  of  sand  and  clay,  or  top- 
a,  occurring  properly  proportioned,  and  obtained  from  pits  designated 
fethe  engineer.  After  the  pit  has  been  stripped,  the  engineer  shall  inspect 
a  approve  the  material  before  it  is  placed  on  the  subgrade.  All  material 
ai  shall  be  free  from  weeds,  vegetable,  or  other  injurious  matter,  and  all 
Ikes  of  more  than  1"  in  diameter  shall  be  removed  by  the  contractor  at  the 
I 

5  ,1.3.  Sand  for  an  artificial  mixture  or  to  supplement  a  natural  mixture 
sill  be  sharp,  clean,  free  from  dirt  or  loam,  and  not  too  fine.  It  shall  not  be 
■a  until  approved  by  the  engineer. 

111. 4.  Clay  for  an  artificial  mixture  or  to  supplement  a  natural  mixture 
■HI  show  resistance  to  slaking  and  be  satisfactory  to  the  engineer,  shall  have 
gd  binding  qualities,  and  shall  not  be  used  until  approved  by  the  engineer. 
K.5.  Construction  Methods. — Where  it  is  necessary  to  bring  the  sand 
If  clay  on  the  subgrade  separately,  and  mix  them  in  place,  a  trench  shall 
■ormed  in  the  subgrade  with  the  grading  machine  to  receive  the  bottom 
iter,  which  may  be  either  sand  or  clay.  No  trenching  of  the  subgrade 
v.  be  required  where  the  subsoil  is  of  sand  or  clay  that  is  to  be  mixed  with 
H?  clay  or  sand,  as  the  case  may  be. 

llt.6.  a.  Clay  on  Sand  Subgrade. — The  clay  shall  be  spread  over  the  prepared 
■grade  in  such  quantities  and  to  such  depth  that  when  mixed  with  the 
Hd  a  compacted  surfacing  of  the  width  and  depth  shown  on  the  plans  will 
■obtained.  After  the  clay  has  been  spread  the  contractor  shall  plow  up 
■jd  from  beneath  and  add  sand  from  the  sides,  but  only  in  such  amount 
l|t  the  net  proportion  of  sand  and  clay  is  about  2:1  or  in  sufficient  quantity 
■hat  the  clay  will  slightly  more  than  fill  the  voids  of  the  sand.^ 

1.7.  b.  Sand  on  Clay  Subgrade. — This  process  is  exactly  similar  to  that 
&oaragraph  above,  except  that  the  subgrade  shall  be  plowed  to  a  depth 
tor",  after  which  it  shall  be  harrowed  until  completely  pulverized;  the  sand 
■11  be  spread  over  the  subgrade  in  such  quantities  and  to  such  a  depth  that, 
i*;n  mixed  with  clay,  a  compacted  surfacing  of  the  width  and  depth,  shown 
pithe  plans,  will  be  obtained.     The  depth  to  which  the  sand  should  be 

Texas. 
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spread  will  depend  upon  the  amount  of  sand  contained  originally  in  t 
clay  of  the  roadbed.  As  near  as  practicable,  only  enough  clay  shall 
plowed  up  from  beneath  just  to  fill  the  voids  of  the  sand,  and  no  surplus 
clay  will  be  allowed.  Where  the  subgrade  material  consists  of  clay  whi< 
in  the  opinion  of  the  engineer,  is  not  considered  suitable  for  use  in  the  surfa 
the  sand  layer  shall  be  spread  first,  and  of  a  depth  more  than  is  sufficient : 
use  in  surfacing,  and  as  directed  by  the  engineer.  The  surplus  sand  sb 
remain  under  the  completed  surface  to  serve  to  improve  the  drainage  of  1 
road.  The  proper  proportion  of  suitable  clay  shall  then  be  hauled  and  spre 
on  the  sand,  as  in  case  c  following. 

51  8.  c.  Sand  and  Clay  on  a  Different  Subgrade  Soil. — Where  it  is  nee 
sary  to  bring  the  sand  and  clay  on  the  road  separately,  the  trench  should 
filled  with  the  bottom  layer  of  material  (which  may  be  either  sand  or  ch 
to  such  a  depth,  and  then  have  the  top  layer  spread  upon  it  to  such  a  dej 
that  when  mixed  together  the  sand  and  clay  will  show  a  properly  prop 
tioned  and  uniformly  mixed  compacted  surfacing  of  the  width  and  dej 
shown  on  plans.  * 

51.9.  d.  Natural  Sand  Clay. — The  surfacing  material  shall  be  spread 
the  prepared  subgrade  to  such  a  depth  that,  when  compacted,  it  will  be 
the  width  and  depth  shown  on  the  plans. 

51.10.  In  all  cases,  only  sufficient  clay  to  fill  the  voids  of  the  sand  shall 
used,  the  clay  serving  as  a  binder  for  the  sand.  On  sections  of  road  that 
not  exposed  to  the  sun  and  wind,  as  in  dense  woods,  deep  cuts,  or  on  1 
boggy  sections,  a  smaller  percentage  of  clay  will  be  required,  in  proport 
to  the  smaller  percentage  of  voids  in  the  sand.  On  heavy  grades,  especis 
when  exposed  to  the  sun  and  wind,  a  greater  percentage  of  clay  will 
required.  It  shall  be  the  charge  of  the  contractor  that  the  required  amo- 
of  material  shall  be  delivered  in  each  ioo'  station  and  uniformly  distribu 
throughout  each  station. 

Si. xi.  After  the  material  has  been  spread  as  prescribed  in  the  several  a. 
above,  the  material  shall  be  thoroughly  mixed  with  a  disc  harrow, 
operations  of  plowing  and  harrowing  shall  be  repeated  until  the  sand  ; 
clay  are  mixed  thoroughly  and  uniformly  in  the  proper  proportions.  A 
the  mixing  is  completed,  the  contractor  shall  shape  the  roadway  with  a  r 
machine  or  road  drag  and  permit  traffic  upon  it.  After  the  first  soal 
rain,  the  contractor  shall  plow  and  harrow  the  surfacing  material  unt 
practically  becomes  mud,  after  which  he  shall  shape  the  surface  and  keep  i 
shape  by  repeated  dragging  until  it  has  dried  out  and  is  thoroui 
compacted. 

51.12.  When  the  typical  cross-section  requires  that  this  item  be  construe 
in  more  than  one  course,  the  additional  courses  shall  be  constructed  ir 
pendently  on  the  previously  completed  course  in  accordance  with  clai 
c  or  d  of  these  specifications,  and  maintained  and  finished  as  provided  ab< 

51.13.  Method  of  Measurement. — Work  and  accepted  material  hai 
from  prescribed  pits  to  the  road  shall  be  measured  by  the  cubic  yarc 
material,  loose  measurement,  as  delivered  on  the  road. 

51.14.  Basis  of  Payment. — The  material  will  be  furnished  by  the  coui 
unless  otherwise  provided  in  special  provisions.  The  work  performed 
prescribed  in  this  item  and  measured,  as  provided  above,  shall  be  paid 
at  the  contract  unit  price  per  cubic  yard  bid  for  Sand-clay  Surface  Cou 
which  price  shall  be  full  compensation  for  loading  all  material,  hauling 
over  yi  mile,  delivering  on  the  road  and  finishing,  all  labor,  equipm- 
tools,  and  incidentals  necessary  to  complete  the  work,  except  rolling, 
sprinkling.  Hauling  material  into  each  quarter  mile  beyond  the  first  qua 
mile  shall  be  paid  for  at  the  contract  unit  price  per  cubic  yard  bid  for  Mate 
Hauled  Additional  Quarter  Mile. 

Item  52.  Shell  Surface  Course1 

52.1.  Description. — This  item  shall  consist  of  a  wearing  course  compc 
of  shell,  and  shall  be  constructed  on  the  prepared  subgrade,  or  complc- 
base  course,  in  accordance  with  these  specifications  and  in  conformity  v 
the  lines,  grades,  compacted  thickness,  number  of  component  courses, 
typical  cross-section  shown  on  the  plans. 

52.2.  Material. — The  shell  shall  consist  of  sound  particles  of  oyster,  c 
or  other  shells  equally  acceptable  to  the  engineer,  and  shall  not  con1 
more  than  15  %  of  mud,  clay  marl,  or  loam.  No  shells  which  will  not 
broken  up  during  construction  to  pieces  not  larger  than  2"  shall  be  alio' 
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he  material  delivered,  and  all  such  oversize  shell  shall  be  removed  at  the 
;ractor's  expense. 

2.3.  Construction  Methods. — The  material  shall  be  delivered,  and  spread 
land  on  the  prepared  subgrade,  or  completed  course,  to  such  depth  that 
n  compacted  the  thickness  shown  on  the  plans  will  be  secured  and  shaped 
onform  to  the  typical  cross-section.  Side  forms  and  either  cubical  blocks 
enter  guide  forms  of  proper  size  shall  be  used  to  fix  the  depth  of  the  loose 
erial.  It  shall  be  the  charge  of  the  contractor  that  the  required  amount 
laterial  shall  be  delivered  in  each  ioo'  station  and  uniformly  distributed 
nighout  each  station. 

2.4.  The  work  shall  be  rolled  and  sprinkled  or  opened  to  traffic  as  directed, 
contractor,  as  often  as  directed,  shall  work  and  dress  the  surface  so  that 
cross-section  shall  continue  uniform  and  true  to  line  and  grade,  and 

.1  the  surface  is  smooth,  hard,  free  from  ruts  and  undulations  and  well 
ded  to  the  width  shown  on  plans,  and  the  work  is  accepted.  When  the 
cal  cross-section  requires  that  this  item  be  constructed  in  more  than  one 
rse,  each  additional  course  shall  be  constructed  independently  after  the 
nous  one  has  been  completed  and  accepted,  all  as  prescribed  above. 

2.5.  Methods  of  Measurement. — Work  and  accepted  material  hauled  to 
road  shall  be  measured  by  the  cubic  yard  of  material,  loose  measurement, 
elivered  on  the  road. 

.6.  Basis  of  Payment. — When  a  unit  price  for  Shell  is  requested  and 
iered  in  the  proposal,  the  material  furnished  as  prescribed  by  this  item 
1  be  paid  for  at  the  contract  unit  price  so  bid  per  cubic  yard.  The  work 
ormed  as  prescribed  by  this  item  and  measured  as  provided  above  shall 
said  for  at  the  contract  unit  price  bid  per  cubic  yard  for  Shell  Surface 
irse,  which  price  shall  be  full  compensation  for  loading  all  materials, 
ling  not  over  j£*  mile,  delivering  on  the  road  and  finishing,  all  labor, 
ipment,  tools,  and  incidentals  necessary  to  complete  the  work,  except 
ng,  and  sprinkling.  Hauling  material  into  each  quarter  mile  beyond 
first  quarter  mile  shall  be  paid  for  at  the  contract  unit  price  bid  per  cubic 
I  for  Material  Hauled  Additional  Quarter  Mile. 

Item  53.  Caliche  Surface  Course1 

3.1.  Description. — This  item  shall  consist  of  a  wearing  course  composed  of 
che,  and  shall  be  constructed  on  the  prepared  subgrade  or  completed 

I  course  in  accordance  with  these  specifications,  and  in  conformity  with 
lines,  grades,  compacted  thickness,  number  of  component  courses,  and 
cal  cross-section  shown  on  the  plans. 

3.2.  Material. — Caliche  shall  consist  of  a  natural  mixture  of  approxi- 
ely  equal  proportions  of  calcareous  dust  and  quartz  sand  with  or  without 
presence  of  gravel  or  small  stones,  all  of  which,  when  tested,  shall  pass  a 
creen.      Oversize  material  shall  be  removed  at  the  contractor's  expense. 

3.3.  Construction  Methods. — The  material  shall  be  delivered,  and  spread 
hand  on  the  prepared  subgrade  to  such  depth  that  when  compacted  the 
kness  shown  on  the  plans  will  be  secured,  and  shaped  to  conform  to  the 

cal  cross-section.  Side  forms  and  either  cubical  blocks  or  center  guide 
is  of  proper  size  shall  be  used.  It  shall  be  the  charge  of  the  contractor 
;  the  required  amount  of  material  shall  be  delivered  in  each  ioo'  station 

uniformly  distributed  throughout  each  station. 

1.4.   If,  in  the  opinion  of  the  engineer,  it  be  practicable  to  do  so,  the 

he  shall  be  puddled  with  water  before  being  finally  shaped  and  compacted, 
s  puddling  may  be  done  either  in  the  pit  before  the  material  is  hauled  on 

road,  or  it  may  be  done  by  sprinkling  with  water  after  the  material  has 
n  spread  upon  the  subgrade.      In  case  puddling  is  done  in  the  material 

the  caliche  shall  at  once  be  hauled  onto  the  road,  spread  by  means  of 
s,  rakes,  or  shovels,  shaped,  and  rolled  before  it  has  dried  out.     In  case 

dling  is  to  be  done  after  it  has  been  spread  upon  the  subgrade,  the  surface 
.1  be  thoroughly  harrowed,  plowed,  or  otherwise  opened  up  during  the 
cess  of  sprinkling,  in  order  to  insure  the  proper  puddling  of  the  caliche. 

r  thoroughly  puddled,  to  the  satisfaction  of  the  engineer,  the  surface 

II  be  shaped  to  a  uniform  thickness  and  cross-section,  and  the  succeeding 
rse  of  material  shall  be  added  and  puddled  in  the  same  manner.  Each 
seeding  course  shall  be  placed  and  puddled  as  soon  after  the  proceeding 

as  practicable. 

3.5.  The  work  shall  be  rolled  or  opened  to  traffic  as  directed.  The  con- 
:tor,  as  often  as  directed,  shall  work  and  dress  the  surface  so  that  the 
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cross-section  shall  continue  uniform  and  true  to  line  and  grade,  and  ur 
the  surface  is  smooth,  hard,  free  from  ruts  and  undulations  and  well  bond 
to  the  width  shown  on  plans,  and  the  work  is  accepted. 

53.6.  Methods  of  Measurement. — ;Work  and  accepted  material  hauled 
the  road  shall  be  measured  by  the  cubic  yard,  loose  measurement,  as  delivei 
on  the  road. 

53.7.  Basis  of  Payment. — When  a  unit  price  for  Caliche  is  requested  a 
tendered  in  the  proposal,  the  material  furnished  as  prescribed  by  this  iti 
shall  be  paid  for  at  the  contract  unit  price  so  bid  per  cubic  yard.  When  su 
price  is  not  so  requested,  right-of-way  charges  and  royalties  on  the  mater 
in  the  pit  will  be  borne  by  the  county.  The  work  performed  as  prescrit 
for  this  item,  measured  as  provided  above,  shall  be  paid  for  at  the  contn 
unit  price  bid  per  cubic  yard  for  Caliche  Surface  Course,  which  price,  sh 
be  full  compensation  for  loosening  and  loading  all  material  at  the  pit,  hauli 
not  over  Y±  mile,  delivering  on  the  road,  puddling,  and  finishing,  all  lab 
equipment,  tools,  and  incidentals  necessary  to  complete  the  work,  exct 
rolling,  and  sprinkling.  Hauling  material  into  each  quarter  mile  beyond  1 
first  quarter  mile  shall  be  paid  for  at  the  contract  unit  price  bid  per  cubic  yj 
for  Material  Hauled  Additional  Quarter  Mile. 


Item  54.  Disintegrated  Limestone  Surface  Course1 

54.1.  Description. — Thes  item  shall  consist  of  a  wearing  course  compos 
of  disintegrated  limestone,  and  shall  be  constructed  on  the  prepared  subgra 
or  completed  base  course  in  accordance  with  these  specifications,  and 
conformity  with  the  lines,  grades,  compacted  thickness,  number  of  comj 
nent  courses,  and  typical  cross-section  shown  on  the  plans. 

54.2.  Material. — The  material  shall  consist  of  a  good  quality  of  disin 
grated  limestone,  reasonably  free  from  soil  and  clay,  and  when  loaded  fn 
the  materia]  pit  shall  not  contain  more  than  25  %  of  material  which  v 
pass  a  y±"  mesh  screen.  The  disintegrated  limestone  shall  be  such  as  c 
be  loosened  up  in  the  pit  by  the  use  of  plows  or  picks  and  without  the  use 
explosives.  Material  containing  gravel  or  hard  flint  pebbles  will  be  admitt 
although  all  hard  stones  over  1 M"  in  their  largest  dimension,  which  will  1 
be  broken  up  during  construction,  must  be  thrown  out  at  the  pit  by  ' 
contractor  at  his  own  expense. 

54.3.  Construction  Methods. — The  material  shall  be  delivered,  and  spre 
by  hand  on  the  prepared  subgrade,  or  completed  course,  to  such  depth  tl 
when  compacted  the  thickness  shown  on  the  plans  will  be  secured  a 
shaped  to  conform  to  the  typical  cross-section.  Side  forms  and  either  cubi 
blocks  or  center  guide  forms  of  proper  size  shall  be  used  to  fix  the  depth 
the  loose  material.  It  shall  be  the  charge  of  the  contractor  that  the  requii 
amount  of  material  shall  be  delivered  in  each  100'  station  and  uniforr 
distributed  throughout  each  station. 

54.4.  After  the  material  has  been  spread  and  shaped,  the  surface  shall 
thoroughly  sprinkled  with  water  and  rolled  as  soon  as  it  has  sufficien 
dried  off.  The  contractor,  as  often  as  directed,  shall  work  and  dress  1 
surface  so  that  the  cross-section  shall  continue  uniform  and  true  to  line  a 
grade,  and  until  the  surface  is  smooth,  hard,  free  from  ruts  and  undulatio 
and  well  bonded  to  the  width  shown  on  plans,  and  the  work  is  accept 
When  the  typical  cross-section  requires  that  this  item  be  constructed 
more  than  one  course,  each  additional  course  shall  be  constructed  indepei 
ently  after  the  previous  one  has  been  completed  and  accepted,  all  as  prescrit 
above. 

54.5.  Method  of  Measurement. — Work  and  accepted  material  hauled 
the  road  shall  be  measured  by  the  cubic  yard  of  material,  loose  measureme 
as  delivered  on  the  road. 

54.6.  Basis  of  Payment. — When  a  unit  price  for  Disintegrated  Limestc 
is  requested  and  tendered  in  the  proposal,  the  material  furnished  as  prescrit 
by  this  item  shall  be  paid  for  at  the  contract  unit  price  so  bid  per  cubic  ya: 
when  such  price  is  not  so  requested,  right-of-way  charges  and  royalt 
on  the  material  in  the  pit  will  be  borne  by  the  county.  The  work  perforir 
as  prescribed  for  this  item,  measured  as  provided  above,  shall  be  paid  for 
the  contract  unit  price  bid  per  cubic  yard  for  Disintegrated  Limestc 
Surface  Course,  which  price  shall  be  full  compensation  for  loosening  a 
loading  all  material  at  the  pit,  hauling  not  over  ^4  mile,  delivering  on  t 
road,  puddling  and  finishing,  all  labor,  equipment,  tools,  and  incident 
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ary  to  complete  the  work,  except  rolling,  and  sprinkling.  Hauling 
ial  into  each  quarter  mile  beyond  the  first  quarter  mile  shall  be  paid 
the  contract  unit  price  bid  per  cubic  yard  for  Material  Hauled  Addi- 
Quarter  Mile. 

Item  55.  Iron-ore  Topsoil  Surface  Course1 

:.  Description. — This  item  shall  consist  of  a  wearing  course  composed 
l-ore  topsoil,  and  shall  be  constructed  on  the  prepared  subgrade  in 
ance  with  these  specifications  and  in  conformity  with  the  lines,  grades, 
cted  thickness,  number  of  component  courses,  and  typical  cross-section 
on  plans. 

:.  Material. — Iron-ore  topsoil  shall  consist  of  hematite,  hydrated 
ite,  or  limonite  ore  as  found  at  the  surface  but  of  a  quality  free  from 
ble  matter,  which  when  loaded  from  the  material  pit  shall  not  contain 
than  15  %  of  clay.  The  material  shall  be  such  as  can  be  loosened 
the  pit  by  the  use  of  plows  or  picks  and  without  the  use  of  explosives. 
ial  containing  gravel  or  hard  pieces  of  ore  will  be  admitted,  although 
ces  over  iM"  in  their  largest  dimensions,  which  will  not  be  broken  up 
construction,  must  be  thrown  out  at  the  pit  by  the  contractor  at  his 
xpense.  The  material  shall  have  a  cementing  value  of  not  less  than 
li  be  so  graded  that  40  to  75  %  is  retained  on  a  10-mesh  screen  when 
H  by  laboratory  methods. 

K.  Construction  Methods. — The  material  shall  be  delivered  and  spread 
Bid  on  the  prepared  subgrade  to  such  depth  that  when  compacted  the 
Bess  shown  on  the  plans  will  be  secured  and  shaped  to  conform  to  the 
ll  cross-section,  and  rolled  if  required.  Side  forms  and  either  cubical 
I  or  center  guide  forms  of  proper  size  shall  be  used  to  fix  the  depth  of 
wse  material.  It  shall  be  the  charge  of  the  contractor  that  the  required 
lit  of  material  shall  be  delivered  in  each  ioo'  station  and  uniformly 
luted  throughout  each  station. 
I.  After  the  material  has  been  spread  and  shaped,  the  work  shall  be 

■  or  opened  to  traffic  as  directed.  If  the  material  is  of  such  a  quality 
I  adheres  to  the  wheels  of  the  roller  after  sprinkling,  the  surface  shall 
Bided,  the  necessary  material  being  measured  as  surfacing  material, 
■antractor,  as  often  as  directed,  shall  work  and  dress  the  surface  so 
Hie  cross-section  shall  continue  uniform  and  true  to  line  and  grade  and 
■fhe  surface  is  smooth,  hard,  free  from  ruts  and  undulations  and  well 
n  to  the  width  shown  on  plans,  and  the  woi-k  is  accepted.  When  the 
■1  cross-section  requires  that  this  item  be  constructed  in  more  than  one 
I,  each  additional  course  shall  be  constructed  independently  after  the 
■jus  one  has  been  completed  and  accepted,  all  as  prescribed  above. 

I.  Method  of  Measurement. — Work  and  accepted  material  hauled  to 
ft.d  shall  be  measured  by  the  cubic  yard,  loose  measurement,  as  delivered 
I  road. 

S*.  Basis  of  Payment. — When  a  unit  price  for  Iron-ore  Topsoil  is 
Hted  and  tendered  in  the  proposal,  the  material  furnished  as  prescribed 
k  item  shall  be  paid  for  at  the  contract  unit  price  so  bid  per  cubic  yard. 

■  such  price  is  not  so  requested,  right-of-way  charges  and  royalties  on 
fcterial  in  the  pit  will  be  borne  by  the  county.  The  work  performed  as 
Hbed  for  this  item,  measured  as  provided  above,  shall  be  paid  for  at  the 
let  unit  price  bid  per  cubic  yard  for  Iron-ore  Topsoil  Surface  Course, 
Iprice  shall  be  full  compensation  for  loosening  and  loading  all  material 
I  pit,  hauling  not  over  7:4  mile,  delivering  on  the  road,  finishing,  all 
I  equipment,   tools,   and  incidentals  necessary  to   complete  the  work, 

1  rolling,  and  sprinkling.  Hauling  material  into  each  quarter  mile 
flfa  the  first  quarter  mile  shall  be  paid  for  at  the  contract  unit  price  bid 
Ipic  yard  for  Material  Hauled  Additional  Quarter  Mile. 

Item  56.  Pea-gravel  Surface  Course1 

3f.  Description. — This  item  shall  consist  of  a  wearing  course  composed 
fi:  or  pea  gravel,  and  shall  be  constructed  on  the  prepared  subgrade,  or 
nvted  base  course,  in  accordance  with  these  specifications  and  in  con- 
w  with  the  lines,  grades,  compacted  thickness,  number  of  component 
«,  and  typical  cross-section  shown  on  the  plans. 

■  Material. — The  gravel  shall  consist  of  hard,  durable  particles  of 
Mnixed  with  sand  or  clay  or  similar  binding  material  and  when  tested 
■watory  methods  shall  fulfil  the  following  requirements: 
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Passing  the  i"  screen 95-100  % 

Retained  on  J£"  screen 10-  35  % 

Retained  on  10-mesh  sieve 35-  70  % 

Of  the  material  passing  the  10-mesh  sieve,  25  to  40  shall  pass  the  200-n 
sieve.  The  cementing  value  of  the  material  passing  the  10-mesh  sieves 
not  be  less  than  50. 

56.3.  Construction  Methods. — The  material  shall  be  delivered  in  : 
bottom  wagons  or  approved  trucks,  and  uniformly  dumped  on  the  subg: 
or  completed  course,  spread  to  such  depth  that,  when  compacted, 
thickness  shown  on  the  plans  will  be  secured,  harrowed  if  necessary, 
shaped  to  conform  to  the  typical  cross-section.  Each  day's  hauling  ! 
be  spread  the  same  day.  When  the  width  of  the  base  course  is  more  1 
12',  the  material  shall  be  dumped  in  two  equal  rows.  The  thickness  0) 
course  as  well  as  the  material  shall  be  strictly  uniform.  Side  forms, 
either  center  forms  or  cubical  blocks,  shall  be  used  to  fix  the  depth  of  1 
material.  All  areas  and  "nests"  of  segregated  coarse  or  fine  material 
be  removed  and  replaced  with  well-graded  material  and  compacted. 

56.4.  The  work  shall  be  rolled  and  sprinkled,  or  opened  to  traffi 
directed.  Ruts  shall  be  kept  filled  twice  a  day  or  more  as  directed.  V 
irregularities,  depressions,  or  weak  spots  develop  during  the  process  of  sha 
and  setting  up,  the  affected  areas  shall  be  corrected  immediately  by  sea 
ing,  adding  material  as  needed,  reshaping,  and  compacting.  This  pr< 
shall  be  continued,  and  the  course  maintained  with  grading  machint 
other  equipment  as  required,  to  the  required  line,  grade,  and  typical  c 
section  until  the  surface  is  smooth  and  hard,  free  from  ruts  and  undulat 
well  bonded  to  the  width  shown  on  plans,  and  the  work  is  accepted. 

56.5.  When  the  typical  cross-section  requires  that  this  item  be  constr 
in  more  than  one  course,  each  course  shall  be  constructed  independ' 
after  the  previous  one  is  completed  and  accepted.     All  as  prescribed  a 

56.6.  Method  of  Measurement. — Work  and  accepted  material  shs 
measured  by  the  cubic  yard  of  material,  loose  measurement,  as  deli' 
on  the  road. 

56.7.  Basis  of  Payment. — When  a  unit  price  for  Pea  Gravel  is  requ 
and  tendered  in  the  proposal,  the  material  furnished  as  prescribed  fo 
item  shall  be  paid  for  at  the  contract  unit  price  so  bid,  which  price 
include  all  pit  charges,  screening,  and  freight  f.  o.  b.  delivery  points, 
such  price  is  not  requested  the  material  will  be  furnished  by  the  count; 
of  royalty  and  right-of-way  charges,  and  the  contractor  will  be  pai 
Screening,  as  ordered,  at  the  prices  bid  per  cubic  yard  for  Screening. 

56.8.  The  work  performed  as  prescribed  for  this  item,  measure 
provided  under  Measurement,  shall  be  paid  for  at  the  contract  unit 
bid  per  cubic  yard  for  Pea-gravel  Surface  Course,  which  price  shall  t 
compensation  for  loading  all  material,  hauling  not  over  %  mile,  delh 
on  the  road,  spreading  and  finishing,  all  labor,  equipment,  tools,  and 
dentals  necessary  to  complete  the  work,  except  screening,  rolling 
sprinkling.  Hauling  into  each  quarter  mile  beyond  the  first  quartei 
shall  be  paid  for  at  the  contract  unit  price  bid  per  cubic  vard  for  Ma 
Hauled  Additional  Quarter  Mile. 

Item  57.  Standard  Gravel  Surface  Course1 

57.1.  Description. — This  item  shall  consist  of  a  wearing  course  com 
of  gravel,  and  shall  be  constructed  on  the  prepared  subgrade,  or  com) 
base  course,  in  accordance  with  these  specifications  and  in  conformity  | 
the  lines,  grades,  compacted  thickness,  number  of  component  courses  | 
typical  cross-section  shown  on  the  plans. 

57.2.  Materials. — The  gravel  shall  consist  of  hard,  durable  partic 
stone  mixed  with  sand  or  clay  or  similar  binding  material,  and  when 
by  laboratory  methods  shall  fulfil  the  following  requirements: 

Passing  1"  screen '. 95-100% 

Retained  on  J£"  screen 50—  75% 

Of  the  material  retained  on  the  W  screen,  35  to  75  %  shall  be  reij 
on  the  %"  screen. 

57.3.  The  material  passing  the  W  screen  shall  be  known  as  "bill 
and  of  this  material  15  to  35  %  shall  pass  the  200-mesh  sieve.  The  cemi  I 
value  of  the  binder  shall  be  not  less  than  50. 

1  Texas. 
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The  gravel  may  be  crushed,  and  may  be  bank  run,  or  the  binder 
be  added  and  incorporated  by  approved  methods  as  hereinafter 
ed. 

;.  Construction  Methods. — The  material  shall  be  delivered  in  slat- 
wagons  or  approved  trucks  and  uniformly  dumped  on  the  subgrade 
_pleted  course,  spread  to  such  depth  that,  when  compacted,  the 
ess  shown  on  the  plans  will  be  secured,  harrowed  if  necessary,  and 
I  to  conform  to  the  typical  cross-section.  Each  day's  hauling  shall  be 
the  same  day.  When  the  width  of  the  course  is  more  than  12'  the 
al  shall  be  dumped  in  two  equal  rows.  The  thickness  of  the  course 
U  as  the  material  shall  be  strictly  uniform.  Side  forms,  and  either 
forms  or  cubical  blocks,  shall  be  used  to  fix  the  depth  of  loose 
al.  AH  areas  and  "nests"  of  segregated  coarse  or  fine  material 
>e  removed  and  replaced  with  well-graded  material  and  compacted. 
.  If  the  gravel  is  deficient  in  binder  as  prescribed  under  Materials 
after  it  is  spread  and  shaped,  additional  binder  shall  be  furnished  and 
d  in  the  amount  directed  by  the  engineer  so  as  to  comply  with  the 
g  requirements.  Such  binder  shall  be  measured  and  paid  for  as  pro- 
for  the  normal  gravel,  and  shall  be  carefully  and  evenly  incorporated 
he  material  in  place  as  directed  by  the  engineer. 

The  work  shall  be  rolled  and  sprinkled,  or  opened  to  traffic  as 
:d.  Ruts  shall  be  kept  filled  twice  a  day  or  more  as  directed.  When 
arities,  depressions,  or  weak  spots  develop  during  the  process  of 
g  and  setting  up,  the  affected  areas  shall  be  corrected  immediately  by 
ing,  adding  material  as  needed,  reshaping,  and  compacting.  This 
s  shall  be  continued,  and  the  course  maintained  with  grading  machines 
er  equipment  as  required,  to  the  required  line,  grade,  and  typical 
section  until  the  surface  is  smooth  and  hard,  free  from  ruts  and  undula- 
well  bonded  to  the  width  shown  on  plans,  and  the  work  is  accepted. 

When  the  typical  cross-section  requires  that  this  item  be  constructed 
re  than  one  course,  each  course  shall  be  constructed  independently 
he  previous  one  is  completed  and  accepted,  all  as  prescribed  above. 
1.  Method  of  Measurement. — Work  and  accepted  material  shall  be 
red  by  the  cubic  yard  of  material  loose  measurement,  as  delivered  on 
ad. 

0.  Basis  of  Payment. — When  a  unit  price  for  Gravel  for  Surface 
e  is  requested  and  tendered  in  the  proposal,  the  materials  furnished  as 
'bed  for  this  item  shall  be  paid  for  at  the  contract  unit  price  so  bid, 

price  shall  include  all  pit  charges,  crushing,  screening,  and  freight 
delivery  points.  When  such  price  is  not  requested  the  material  will 
nished  by  the  county  free  of  royalty  and  right-of-way  charges,  and  the 
ctor  will  be  paid  for  all  Crushing  and  Screening  or  Screening,  as 
d,  at  the  prices  bid  per  cubic  yard  for  Crushing  and  Screening  or  for 

1.  The  work  performed  as  prescribed  for  this  item,  measured  as 
Bed  under  Measurement,  shall  be  paid  for  at  the  contract  unit  price  bid 
Brine  yard  for  Standard  Gravel  Surface  Course,  which  price  shall  be 
Bmpensation  for  loading  all  material,  hauling  not  over  ^  mile,  deliver- 
H  the  road,  spreading  and  finishing,  all  labor,  equipment,  tools,  and 
Bitals  necessary  to  complete  the  work,  except  crushing,  screening. 
B,  and  sprinkling.  Hauling  into  each  quarter  mile  beyond  the  first 
Br  mile  shall  be  paid  for  at  the  contract  unit  price  bid  per  cubic  yard 
Biterial  Hauled  Additional  Quarter  Mile. 

M'COURSE  (NEW  YORK  STATE  SPECIFICATIONS,  ITEMS  47  to  55) 
Item  47 — Top  Course — Water  Bound  Macadam — Gravel 

*i.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  the 
Ha  course,  gravel  of  an  approved  character  to  form  the  top  course. 
M.  The  top  course  shall  consist  of  approved  gravel  of  the  character 
Bbefore  specified  and  of  the  thickness  shown  on  the  plans,  together 
Bhe  binder  necessary  to  properly  fill  and  bind  the  course.  For  this 
■fee  gravel  of  No.  3  size  with,  when  approved  by  the  Engineer,  a  certain 
Bt  of  No.  2  size,  may  be  used.  (Seepage  72of  ormeaning  of  these  numbers 
Bze.)  Run  of  bank  gravel  shall  notbe  used  except  by  written  permis- 
B  the  Division  Engineer;  this  permit  must  be  given  in  advance,  shall 
B  the  locality  from  which  it  is  to  be  taken,  and  contain  a  proviso  that 
th material  should  at  any  time  become  unsatisfactory  its  use  shall  at  once 
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cease  and  proper  material  be  furnished  without  additional  recompe_ 
if  it  has  to  be  imported.  _  A  copy  of  any  such  permit  must  be  filed  wr_ 
State  Highway  Commission,  and  on  this  permit  must  be  the  writter 
signed  acceptance  of  all  the  conditions  by  the  Contractor. 

47.3.  The  gravel  shall  be  spread  evenly  upon  the  bottom  course, 
cubical  blocks  for  gauging,  to  such  a  depth  as  to  insure  the  required  1 
ness  after  it  shall  have  been  thoroughly  rolled  and  compacted  wil 
approved  roller  weighing  10  to  12  tons.     Care  shall  be  exercised  to  pr 
any  depressions  or  surface  irregularities  after  rolling  the  gravel  and  bir 

47.4.  When  the  gravel  consists  of  screened  material  the  binder 
consist  of  a  mixture  of  the  sand  screened  out  and  the  No.  1  size,  with  ei 
clay  added  when  necessary  to  make  a  percentage  of  12  to  17,  but  r 
exceed  1 7  per  cent._  The  binder  shall  be  added  as  directed  by  the  Engine* 
thoroughly  swept  into  interstices  thereof  until  they  are  filled.  After  sj 
ling  the  surface  it  shall  be  thoroughly  rolled.  The  adding  of  binder 
necessary  and  the  sweeping,  sprinkling  and  rolling  shall  continue  unl 
course  is  compacted.  The  pavement  shall  then  be  opened  to  traffii 
shall  be  in  a  first-class  and  satisfactory  condition  at  the  time  of  its  accep* 

47.5.  When  the  gravel  consists  of  run  of  the  bank  the  binder  sh 
the  fine  particles  contained  in  the  material  in  its  natural  state  excepi 
when  so  ordered  in  writing  by  the  division  Engineer  a  small  perce 
of  clay  or  loam  may  be  added,  when  necessary  to  properly  bind  the  c 

The  particles  shall  be  of  such  size  as  will  pass  through  a  3^2  -inch  ci 
hole,  and  shall  be  well  graded.  Gravel  shall  be  of  such  nature  thi 
material  passing  a  J4-inch  screen  shall  not  be  more  than  five  per  centun 
feasible,  see  page  138)  in  excess  of  the  voids  in  the  remaining  material 
its  separation  therefrom.  Should  at  any  time  during  the  work  and  fc 
reason  the  gravel  fail  to  maintain  suitable  proportions  of  the  coarse  an 
particles,  the  Contractor  shall  by  the  addition  of  selected  material  and 
factory  manipulation  produce  a  top  course  meeting  the  above  requiretE 

Care  shall  be  taken  to  keep  the  large  stone  away  from  the  surface. 

After  sprinkling  the  surface  it  shall  be  thoroughly  rolled.  Addi 
material  forbinder  shall  be  added  where  necessary  and  the  sprinklin 
rolling  shall  continue  until  the  course  is  compacted.  The  pavement 
then  be  opened  to  traffic  and  shall  be  in  a  first-class  and  satisfactory 
dition  at  the  time  of  its  acceptance. 

47.6.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  nt 
of  cubic  yards  of  compacted  material  in  place  in  the  completed  c 
The  amount  will  be  computed  by  multiplying  the  finished  cross-s 
of  the  top  course  as  shown  on  the  plans  or  ordered  by  the  Enginet 
the  length  of  the  top  course  measured  along  the  axis  of  the  pavement. 

The  price  bid  under  this  item  shall  include  the  furnishing,  placing,  r< 
filling,  and  puddling  of  the  material,  and  all  labor,  material  and  inci( 
expenses  necessary  to  complete  the  work. 

Gravel  or  screenings  remaining  loose  on  the  surface  after  the  w« 
completed  shall  not  be  estimated  as  a  part  of  the  depth  of  the  top  c 
but  payment  therefor  shall  be  included  in  the  price  bid  for  this  item. 

Item  48 — Top  Course — Water  Bound  Macadam — Broken  Stone 

48.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upo 
bottom  course  broken  stone  to  form  the  top  course. 

48.2.  The  top  course  shall,  except  as  noted  below,  consist  of  No.  3  b 
stone  as  shown  on  the  plans  and  of  the  thickness  shown  thereon,  tof 
with  the  binder  necessary  to  properly  fill  and  bind  the  course.  The  1 
shall  consist  of  screenings  and  No.  1  stone  mixed. 

48.3.  The  No.  3  stone  shall  be  spread  evenly  upon  the  bottom  c 
using  cubical  blocks  for  gauging,  to  such  a  depth  as  to  insure  the  rec 
thickness  after  it  shall  have  been  thoroughly  rolled  and  compacted.    I 
shall  be  used  in  the  spreading  of  the  stone  that  no  irregularities  in  the  cc  1 
shall    develop  in  the  rolling;  every  such  irregularity  that  does  occvl 
Contractor  shall  remove  before  adding  the  smaller  material.     The  rl 
shall  be  done  with  a  10  to  12  ton  self-propelled  roller  of  approved  pa| 
and  shall  be  continued  until  the  layer  of  stone  does  not  creep  or  wave  i 
of  the  roller. 

After  the  stone  has  been  compacted  to  the  satisfaction  of  the  Eng 
a  light  coating  of  binder  shall  be  spread  on  dry  by  shoveling  from 
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usly  placed  alongside  the  pavement,  and  immediately  swept  in  and 
ighly  rolled.  Care  must  be  taken  throughout  to  add  the  binder  only- 
it  coatings  and  to  thoroughly  sweep  each  coating  in  order  that  the 
num.  amount  of  binder  may  be  worked  in  to  fill  the  voids.  The  spread- 
ad  sweeping  and  rolling  shall  be  continued  until  no  more  binder  will 
dry,  after  which  the  macadam  shall  be  sprinkled  until  saturated,  the 
der   being  followed   by  the  roller.     If   the  sub-grade  should   become 

0  such  an  extent  that  the  pavement  becomes  unstable  and  waves 
the  roller,  the  roller  shall  be  taken  off  and  this  portion  left  to  dry  out 

i  puddling  is  resumed. 

re  screenings  shall  be  added  where  necessary,  and  the  sweeping, 
ling,  and  rolling  shall  continue  until  a  grout  has  been  formed  that 
ill  all  the  voids  and  be  pushed  into  a  wave  by  the  wheels  of  the  roller. 

the  wave  of  grout  has  been  produced  over  the  whole  section  of  the 
lam  this  portion  shall  be  left  to  dry  out,  after  which  it  shall  be  opened 
ffic.  The  macadam  shall  be  repuddled  and  back-rolled  on  succeeding 
as  much  as  may  be  necessary  to  secure  satisfactory  results.     The 

am  shall  then  be  covered  with  a  wearing  carpet  of  screenings  at  least 

:ighths  of  an  inch  thick;  this  wearing  carpet  shall  be  maintained  and 
ed  until  the  whole  road  is  accepted.     During  all  the  working    hours 

the  roller  is  not  needed  for  rolling  the  fills,  sub-grade,  shoulders 
nfinished  courses  of  the  pavement,  it  shall  be  employed  in  back-rolling 
rlier  portions  of  the  macadam. 

1  The  quantity  to  be  paid  for  under  this  time  shall  be  the  number 
sic  yards  of  compacted  material  in  place  in  the  completed  course, 
mount  to  be  estimated  shall  be  computed  by  multiplying  the  finished 
section  of  the  top  course  as  shown  on  the  plans  or  ordered  by  the 
eer,  by  the  length  of  the  top  course  measured  along  the  axis  of  the 
lent. 

;  price  bid  shall  include  the  furnishing,  placing,  _  rolling,  filling  and 
ing  of  the  material,  and  all  labor,  material  and  incidental  expenses, 
ary  to  complete  the  work. 
1  stone  or  gravel,  chips  or  screenings  remaining  loose  on  the  surface 
the  work  is  completed  shall  not  be  estimated  as  a  part  of  the  depth  of 
>p  course,  but  payment  therefor  shall  be  included  in  the  price  bid  for 
em. 

Item  49 — Cleaning  Old  Pavement 

:.  The  purpose  of  the  work  called  for  under  this  item  is  to  prepare 
macadam  or  old  concrete  surface  for  the  application  of  a  new  top 
;  or  a  wearing  carpet. 
2.  Under  this  item  the  Contractor  shall  clean  the  old  macadam  or 
:te  surface  by  the  use  of  seal  hand  brooms  or  by  the  use  of  mechanical 
ers  of  approved  type,  as  directed  by  the  Engineer,  so  as  to  completely 
er  but  not  dislodge  the  embedded  stones  of  the  pavement, 
mud,  dust,  and  other  dirt  so  swept  off  shall  then  be  removed  and 
ted  in  such  places  and  in  such  manner  as  the  Engineer  may  direct. 
I  Ruts  and  depressions  of  a  greater  depth  than  one  inch  below  the 
.1  surface  of  the  pavement  shall  be  completely  swept  out  by  hand 
.s  until  all  loose  material  has  been  removed  and  the  embedded  stones 
lly  uncovered. 

s  operation  of  cleaning  out  the  ruts  and  depressions  and  filling  them 
:horoughly  compacted  stone  and  binder  to  the  general  level  of  the 
e,  shall  precede  the  general  operation  of  cleaning  the  macadam  surface. 
!.  The  amount  to  be  paid  for  under  this  item  shall  be  the  actual 
er  of  square  yards  of  old  macadam  or  concrete,  including  ruts  and 
>sions,  cleaned  in  accordance  with  the  above  sections  and  to  the 
ction  of  the  Engineer, 
i  price  bid  shall  include  all  labor,  tools,  appliances,  the  removal  of  mate- 
eaned  from  the  surface,  and  all  other  expenses  incidental  thereto. 

Item  50— Scarifying  and  Reshaping  Old  Macadam 

:.  The  purpose  of  the  work  under  this  item  is  to  prepare  old  macadam 
.ent  for  the  application  of  a  top  course. 
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50.2.  Under  this  item  the  Contractor  shall  thoroughly  scarify  the 
macadam  by  hand  picking  or  by  means  of  a  mechanical  scarifier  of  appro 
type.     Unless  specifically  authorized  by  the  Engineer,  the  use  of  a  ro 
with  spiked  wheels  will  not  be  permitted. 

The  loosened  stones  shall  then  be  forked  or  raked  over  as  directed 
the  Engineer,  after  which  the  macadam  shall  be  compacted  by  roll 
with  a  self-propelled  roller  weighing  not  less  than  10  tons  until  an  e 
and  firm  surface  is  produced.  If  necessary  in  order  to  satisfactorily  cc 
pact  the  stones,  the  macadam  shall  be  sprinkled  during  the  process 
rolling. 

50.3.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  ad 
number  of  square  yards,  scarified,  reshaped,  rolled  and  compacted  to 
satisfaction  of  the  Engineer,  and  the  price  stipulated  shall  include  all  la 
appliances  and  expenses  incidental  thereto. 

Item  51 — Surface  Treatments  with  Bituminous  Material 

5 1. 1.  Under  this  item  the  Contractor  shall  apply  bituminous  matt 
and  shall  apply  broken  stone  or  gravel  of  specified  sizes  as  a  wearing  cai 
to  a  new  or  old  pavement  of  macadam,  concrete,  or  any  other  substanc 
type,  as  shown  on  the  plans  or  ordered  by  the  Engineer. 

51.2.  If  the  pavement  to  be  treated  is  a  newly  built  macadam  or  com 
after  it  shall  have  become  thoroughly  dried  and  hardened,  it  shall  be  sv 
clean  of  all  dust,  dirt  or  other  loose  material;  if  ordered  by  the  Engir 
the  sweeping  of  the  macadam  shall  be  continued  until  the  voids  are  expi 
in  the  surface  to  a  satisfactory  depth,  not  exceeding  one-half  inch.  The  p 
bid,  under  this  item,  shall  include  the  aforesaid  cleaning  of  the  pavemer 

If  the  pavement  to  be  treated  is  an  old  macadam  or  old  concrete, 
cleaning  shall  be  paid  for  under  item  "Cleaning  Old  Pavement." 

5 1. 3.  After  the  pavement  shall  have  been  cleaned  to  the  satisfac 
of  the  Engineer,  and  when  dry,  the  bituminous  material  shall  be  unifoi 
sprayed  over  the  surface  by  means  of  an  approved  pressure  distribi 
The  bituminous  material  for  hot  application  shall  be  heated  to  a  1 
perature  between  250  degrees  and  350  degrees  F.  as  required,  and  v 
tar  is  used,  it  shall  be  heated  to  a  temperature  between  200  degrees 
250  degrees  F.  as  required.  _ 

The  amount  of  bituminous  material  to  be  used  m  any  one  applies 
shall  not  be  less  than  one-sixth  nor  more  than  one-half  gallon  per  sq 
vard,  the  precise  quantity  depending  upon  the  character  of  the  paven 
the  materials  and  the  local  conditions.  The  Contractor  shall,  there 
be  subject  entirely  to  the  direction  of  the  Engineer  in  this  respect. 

51.4.  The  bituminous  material  applied  as  above  specified  shall 
be  immediately  covered,  while  soft,  with  a  uniform  layer  of  approved  br« 
stone  of  No.  2  or  No.  I  size,  after  which  the  stone  shall  be  rolled  with  a 
propelled  roller  of  approved  weight.  If  ordered  by  the  Engineer  anc 
application  of  bituminous  material  shall  then  be  made  to  be  followed  b 
application  of  approved  No.  2  stone  or  approved  No.  1  stone,  and  a 
rolled  to  the  satisfaction  of  the  Engineer. 

The  quantity  of  No.  2  stone  and  of  No.  1  stone  to  be  used  shall  be 
ficient  to  completely  cover  the  bituminous  material  and  shall  be  sprea 
two  or  more  thin  applications,  the  roller  being  used  after  each  spreac 
The  total  amount  of  stone  to  be  used  after  each  application  of  the  bitumi 
material  being  that  which  will  become  imbedded  under  the  pressure  oi 
roller.     The  final  application  of  the  stone  shall  be  of  No.  1  size. 

51.5.  Gravel,  which  has  been  tested  and  approved  for  use,  may  be 
stituted  for  broken  stone  if  screened  to  produce  particles  correspon 
with  No.  2  and  No.  1  sizes. 

51.6.  No  bituminous  material  for  surface  treatment  shall  be  pi 
between  October  15th  and  May  15th,  except  by  written  permissio 
the  Engineer,  nor  when  the  air  temperature  on  the  work  is  below  50  degree 
nor  when  the  pavement  is  damp  or  in  an  otherwise  unsatisfactory  condi 

Si. 7.  Under  this  item  the  Contractor  shall  be  paid  for  the  numbf- 
gallons  of  bituminous  material  furnished  in  and  incorporated  in  the  /  5 
in  accordance  with  these  specifications  and  the  orders  of  the  EngiiJ 
Bituminous  material,  that  has  been  wasted  or  that  has  been  rend  | 
unfit  for  use  by  over-heating  or  by  long-continued  heating,  shall  no 
paid  for.     For  purposes  of  measurement,  a  gallon  shall  be  a  volum 
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bic  inches  and  measurement  shall  be  based  on  the  volume  of  the 
inous  material  at  a  temperature  of  60  degrees  F. 

j  price  bid  shall  include  the  furnishing,  hauling,  heating  and  applying 
tuminous  material,  and  shall  also  include  the  spreading,  rolling  and 
oration  of  the  stone  into  the  wearing  carpet. 

s  item  shall  not  include  the  furnishing  of  the  No.  1  and  No.  2  stone 
vel,  nor  the  delivery  of  same  along  the  side  of  the  road;  these  will  be 
or  under  Items  Screened  Gravel  or  Broken  Stone  Loose  Measure, 
itively. 

;m  52 — Top  Course  Bituminous  Macadam — Penetration  Method 

:.  Under  this  item  the  Contractor  shall  furnish  and  lay  a  broken 
top  course  composed  of  fragments  of  the  specified  sizes,  and  incor- 
j  therewith  bituminous  material  introduced  from  the  surface  by  means 
approved  pressure  distributor.1 

md  spreading  from  pots  or  hods  is  more  satisfactory  for  the  first  coat 
t  for  the  flush  coat. 

.  After  the  bottom  course  shall  have  been  completed  to  the  satis- 

l  of  the  Engineer,  a  course  of  approved  No.  3  broken  stone  shall  be 

spread  thereon  in  such  quantity  that  after  the  application  of   the 

inous  material  and  broken  stone  of  smaller  sizes,  hereafter  specified, 

tal  compacted  thickness  of  the  top  course  shall  be  as  called  for  on  the 

Dr  ordered  by  the  Engineer. 

No.  3  stone  shall  then  be  smoothed  out  by  passing  over  it  a  few 

a  self-propelled  roller  weighing  approximately   10  tons,   after   which 

inous  material  of  the  kind  specified  in  the  proposal,  heated  to  a  tem- 

Bire   between    250   degrees   and   350   degrees   Fahrenheit   if    asphalt   is 

ftmd  between  200  degrees  and  250  degrees  if  tar  is  used,  shall  be  evenly 

King   over   the   surface.     The   quantity   of  bituminous  material  to  be 

In  the  first  application  shall  be  the  amount  ordered  by  the  Engineer, 

I  will   approximate   1%   gallons  per  square  yard  for  a  top   course   3 

■  thick,  with  a  proportional  reduction  in  the  quantity  for  thinner  courses. 

ft  surface  shall  then  be  immediately  covered  with  a  layer  of  approved 

ft  broken  stone,  after  which  it  shall  be  compacted  with  a  self-propelled 

■weighing  approximately  10  tons;  during  the  rolling  process,  additional 

I  broken  stone  shall  be  applied  and  broomed  about  until  the  voids  in 

Bo.  3  stone  are  entirely  filled.*     The  rolling  shall  be  continued  until  the 

ft  of  stone  is  thoroughly  compacted  and  its  surface  is  true  and_  even  to 

fttablished   grade   and   conforms   in   all   respects   to   the   requirements 

led  for  finishing  and  testing  the  surface  of  "Top  Course  Bituminous 

ftiam,  Mixing  Method — Type  I." 

ft.  After  this  portion  of  the  work  shall  have  been  completed  to  the 
ftction  of  the  Engineer,  all  loose  stone  shall  be  swept  from  the  surface 
ft  sealing  coat  of  one-half  gallon  of  bituminous  material  per  square 
fthall  be  applied  by  means  of  an  approved  pressure  distributor.  After 
ft  shall  be  immediately  covered  with  approved  No.  1  broken  stone, 
ft.  and  broomed  about  by  experienced  workmen,  and  again  rolled;  the 
ft  shall  be  continued  and  additional  No.  1  stone  shall  be  applied  until  a 
fth,  uniform  surface  is  produced. 

ft.  Before  being  opened  to  traffic  a  layer  of  No.  1  broken  stone  approxi- 
fty  one-half  inch  thick  shall  be  spread  loose  on  the  surface  for  wearing 

ft.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 

■pic   yards  of  compacted  material  in  place  in  the  completed  course. 

ftmount  to  be  estimated  shall  be  computed  by  multiplying  the  finished 

Bpection  of  the  top  course,  as  shown  upon  the  plans  or  ordered  by  the 

leer,  by  the  length  of  the  top  course  measured  along  the  axis  of  the 

■lent. 

ft  price  bid  shall  include  the  heating  and  placing  of  the  bituminous 

ftial,  the  furnishing,   placing,  rolling  and  filling  of  the  broken   stone, 

111  labor,  materials,  and  incidental  expenses  necessary  to  complete  the 

Imrse. 

fts  item  shall  not  include  the  furnishing  and  delivery  of  the  bituminous 

loo  much  rolling  is  injurious  while  the  oil  is  hot;  better  results  are 
ftied  by  waiting  till  the  next  day  to  compact;  the  course  should  be  rolled 
I  in  the  morning  for  10  days  and  gradually  hardened  down. 


1458 


SPECIFICATIONS 


material;  such  furnishing  and  delivering  will  be  paid  for  under  the  j 
covering  such  material. 

No.  I  broken  stone  or  gravel,  chips  or  screenings  remaining  loose 
the  surface  afer  the  work  is  completed  shall  not  be  estimated  as  a  pa 
the  depth  of  the  top  course,  but  payment  for  these  shall  be  included  ir 
price  bid  for  item  52. 

Item1  47.    Top  Course.    Bituminous  Macadam,  Penetration  Methoc 

a.  Work. — Under  this  item  the  contractor  shall  furnish  and  lay  a  brc 
stone  or  broken-slag  top  course  composed  of  fragments  of  the  specified  s 
and  incorporate  therewith  bituminous  material  applied  by  means 
pressure  distributor  of  an  approved  type.  The  laying  of  this  course  will 
be  allowed  after  Oct.  15  except  under  the  written  permission  of  the  engi 
and  the  approval  of  the  Deputy  Commissioner. 

b.  Method. — After  the  bottom  course  shall  have  been  completed  to 
satisfaction  of  the  engineer,  a  course  of  clean  approved  No.  3  broken  s 
or  broken  slag  shall  be  evenly  spread  thereon  in  such  quantity  that  b< 
the  application  of  the  bituminous  material  and  broken  stone  or  broken 
of  small  sizes,  hereafter  specified,  the  compacted  thickness  of  the  top  cc 
shall  be  as  called  for  on  the  plans. 

No  stone  with  dust  coating  will  be  permitted  for  use  in  this  course, 
any  stone  spread  for  this  course  becomes  wet  or  dirty,  it  must  be  allow* 
dry  to  the  full  depth  of  the  course,  and  dirty  stones  removed  and  repl 
with  clean  stone  before  the  pouring  of  bituminous  material  proceeds. 

All  filler  for  the  top  course  shall  be  delivered  and  piled  alongside  the 
before  the  top  course  is  placed. 

The  No.  3  stone  or  slag  shall  then  be  compacted  by  passing  over  it  a 
propelled  roller  weighing  approximately  10  tons,  afetr  which  bitumi 
material  of  the  kind  specified  in  the  proposal  (heated  to  a  tempers 
between  200  and  300°F.  when  tar  is  used  and  between  250  and  325°F.  ^ 
asphalt  is  used)  shall  be  evenly  spread  over  the  surface  by  the  use  c 
approved  pressure  distributor,  operating  under  a  pressure  of  50  lb. 
square  inch  or  more  as  the  engineer  may  direct.  The  quantity  of  bitumi 
material  to  be  used  in  the  first  application  shall  be  the  amount  ordere 
the  engineer,  which  will  approximate  2  gal.  per  square  yard  for  a  comps 
top  course  3"  thick,  with  a  proportional  reduction  in  the  quantitj 
thinner  courses. 

In  order  to  insure  uniformity  at  the  junction  point  of  two  applicatio: 
will  be  required  that  the  distributor  should  in  starting  lap  back  or 
previous  application,  covering  the  lap  with  building  paper,  to  avoid  eith 
excess  or  an  insufficient  quantity  at  the  junction  point.     The  paper 
then  be  removed  and  destroyed. 

The  surface  shall  then  be  immediately  filled  with  clean  No.  1  broken  $ 
or  broken  slag,  after  which  it  shall  be  compacted  with  a  self-prop 
roller  weighing  approximately  10  tons;  during  the  rolling  process,  additi 
broken  stone  as  specified  above  or  broken  slag  shall  be  applied  and  broc 
about  until  the  voids  in  the  No.  3  stone  or  slag  are  entirely  filled.  The  re 
shall  be  continued  until  the  course  of  stone  or  slag  is  thoroughly  compj 
and  its  surface  is  true  and  even  to  the  established  grade. 

c.  Testing  Surface. — Before  placing  the  sealing  coat,  the  pavement 
be  tested  with  a  10'  straight-edge  laid  parallel  with  the  center  line  o 
pavement,  and  any  depressions  exceeding  \V  shall  be  satisfactorily  e 
nated  or  the  pavement  relaid. 

d.  Sealing  Coat. — After  this  portion  of  the  work  shall  have  been 
pleted  to  the  satisfaction  of  the  engineer,  all  loose  stone  or  slag  shall  be  s 
from  the  surface  and  a  sealing  coat  of  approximately  %  gal.  of  bitumi 
material  per  square  yard  shall  be  applied  by  means  of  an  approved  pre 
distributor.  After  this  it  shall  be  immediately  covered  with  approved 
1  broken  stone  or  slag,  spread  and  broomed  about  by  experienced  work 
and  again  rolled;  the  rolling  shall  be  continued  and  additional  No.  1  i 
or  slag  shall  be  applied  until  a  smooth,  uniform  surface  is  produced. 

e.  Wearing  Carpet. — Before  being  opened  to  traffic  a  layer  of  No.  1  br 
stone  or  slag  approximately  H"  thick  shall  be  spread  loose  on  the  su 
for  wearing  course.  After  the  road  has  been  open  to  traffic  for  10  day 
as  the  engineer  may  direct,  this  wearing  carpet  shall  be  again  sprea 
sweeping  the  surplus  from  the  sides  to  the  center  of  the  pavement. 

/.  Measurement  and  Payment. — The  quantity  to  be  paid  for  under 
item  shall  be  the  number  of  cubic  yards  of  compacted  No.  3  stone  or 
1  New  York. 
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ich  shall  be  computed  by  multiplying  the  finished  cross-section  of  the  top 
irse,  as  shown  upon  the  plans  or  ordered  by  the  engineer,  by  the  length  of 
top  course  measured  along  the  axis  of  pavement,  making  no  deduction  for 
ch  basins  and  manholes. 

The  price  bid  shall  cover  the  heating  and  placing  of  the  bituminous 
terial,  the  furnishing,  placing,  rolling,  and  filling  of  the  broken  stone  or 
ken  slag,  and  all  labor,  materials,  and  incidental  expenses  necessary  to 
nplcte  the  top  course. 

r£is  item  shall  not  cover  the  furnishing  and  delivery  of  the  bituminous 
terial;  such  furnishing  and  delivering  will  be  paid  for  under  the  item  cover- 
such  material. 

o.  1  broken  stone  or  slag  shall  not  be  estimated  as  a  part  of  the  depth  of 
top  course,  but  payment  for  same  shall  be  included  in  the  price  bid  for 
i  item. 

Surface  Type  FA-BC-2 

75J.     FINE  AGGREGATE.     BITUMINOUS  CONCRETE 

Two  Course 
Definition. 

L  bituminous  concrete  pavement  is  denned  as  one  which  is  composed  of 
n  stone,   bituminous  sand  and  a  mineral  filler,   bound  together  with 
iminous  cement. 
Thickness  and  Weight. 

?his  pavement  shall  be  laid  in  two  courses — the  top  or  wearing  course  and 
bottom  or  binder  course.  The  top  course  must  have  an  average  thick- 
;,  after  ultimate  compression,  of  not  less  than  one  and  one-half  (1^-2) 
hes,  shall  not  be  less  than  one  and  one-quarter  (ij£)  inches  nor  more  than 
»  (2)  inches  thick  at  any  point,  and  have  an  average  weight  of  not  less  than 
hundred  eighty-five  (185)  pounds  per  square  yard,  exclusive  of  the 
eegee  coat.  The  bottom  course  shall  have  an  average  thickness,  after 
mate  compression,  of  not  less  than  one  and  one-half  (ij-a)  inches  and 
11  not  be  less  than  one  and  one-quarter  (iJ-£)  inches  nor  more  than  two 
'  one- half  (2^)  inches  thick  at  any  point,  and  have  an  average  weight  of 

less  than  one  hundred  seventy  (170)  pounds  per  square  yard  of  surface. 
Materials  Required. 
?he  binder  course  shall  be  prepared  from  ^-4-in.  trap  rock,  dolomite  or 

minous  sand,  mineral  filler,  and  asphaltic  cement  Grades  NA2,  LM2, 

*  or 

Che  surface  course  shall  be  prepared  from  dustless  screenings  made  from 

Rrock,  dolomite  or ,  bituminous  sand,  mineral  filler  and 
altic  cement  Grades  NA2,  LM1,  CM2,  or.  .  . 

iChese  materials  shall  comply  with  the  requirements  given  therefor  in 
Hides  92,  95-A  and  99. 

^Composition. 

!  ?he   finished   pavement,    exclusive   of  any   bituminous   sealing   mixture 

blied,  shall  not  vary  in  composition  more  than  the  limits  given  below: 


Screens  and  sieves 


Passing 


Retained  on 


Type  of 
openings 


Bottom  course 


Top  course 


Mini- 
mum, 
% 


Maxi- 
mum, 
% 


Mini- 
mum, 
% 


Maxi- 
mum, 
% 


|iK-in. 
i-in. 

'  N-in. 

1  fe-in. 

I  10-mesh 
30-mesh 
50-mesh 
80-mesh 

1200-mesh 


i-in. 

K-in. 
10-mesh 
30-mesh 
50-mesh 
80-mesh 
200-mesh 


Circular 

Circular 

Circular 

Square 

Square 

Square 

Square 

Square 

Square 


Hal  stone  content  ret.  on  10-mesh 
Pumen  content    


0.0 

25.0 

40.0 

70.0 

0.0 

5.0 

20.0 

20.0 

0.0 

150 

10. 0 

3-0 

10.  0 

6.0 

4.0 

8.0 

6.0 

4.0 

8.0 

6.0 

3-0 

12.0 

5-0 

2.0 

8.0 

5.o 

75  0 

90.0 

50.0 

4.0 

55 

6.0 

150 

45-0 

25 

18 

12, 

12 

II 


70 
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5.  Estimating  Ingredients. 
The  proportions  of  the  different  ingredients  required  to  prepare  the  p. 

ment  shall  be  determined  by  weight.     The  pavement  must  not  vary  in  c 
position  more  than  the  specified  limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusiv 
any  mineral  or  bituminous  surface  coating  applied.  The  exact  amour 
mineral  filler  and  asphaltic  cement  to  use  between  the  limits  defined  he 
shall  be  determined  by  the  Testing  Engineer.  In  calculating  the  percent 
of  the  various  sizes  of  ingredients  of  which  the  mineral  aggregate  is  compc 
the  bitumen  is  included.  The  actual  amount  of  paving  mixture  used 
be  estimated  from  the  railroad  shipping  weights  of  the  ingredients  v 
batches  of  paving  mixtures  prepared  and  used,  or  loads  delivered  and 

6.  Preparation. 

The  quantity  of  ingredients  used  per  batch  in  the  preparation  of  both 
top  and  bottom  courses  must  be  accurately  determined  by  either  weigl 
measurement,  depending  upon  the  type  of  plant  and  kind  of  material  b 
used.  In  either  case  the  devices  used  in  measuring  these  ingredients  1 
be  standardized  whenever  so  requested,  also  the  manner  in  which  thesedc 
are  used  shall  be  demonstrated  and  the  quantity  of  material  thus  sec 
verified,  whenever  so  ordered  by  the  Inspector  or  Engineer.  The  plant 
in  preparing  the  paving  mixtures  shall  comply  with  the  requirements  g 
below. 

The  mineral  filler  should  be  so  cast  into  the  mixing  chamber  that 
evenly  distributed  over  the  surface  of  the  aggregate  and  not  dumped  ic 
end  of  the  mixing  chamber.  The  asphaltic  cement  should  also  be  an 
slowly  in  a  thin  sheet  the  full  width  of  the  mixing  chamber.  If  the 
and  asphaltic  cement  are  not  added  in  this  manner,  the  time  require 
produce  a  uniform  paving  mixture  will  be  two  (2)  or  more  minutes  per  b£ 
otherwise,   from  one   (1)  to  one  and  one-half  (iH)  minutes  will  be  suffic 

(a)  Wearing  Surface.  The  aggregate  for  the  wearing  surface  must  ha 
temperature  of  not  less  than  275°F.  nor  more  than  350°F.  when  ready  1 
coated  with  the  asphaltic  cement.  The  asphaltic  cement,  when  applu 
the  aggregate,  must  have  a  temperature  of  not  less  than  2S0°F.  and  not : 
than  350°F.,  and  must  be  free  from  unmelted  lumps.  The  mineral 
may  be  added  cold  and  must  be  thoroughly  dry. 

In  the  preparation  of  this  mixture  the  aggregate  is  first  added  to  the 
ing  chamber,  then  the  mineral  filler.  After  the  mineral  filler  has  be< 
uniformly  distributed  through  the  aggregate  the  asphaltic  cement  is  a 
and  the  mixing  continued  until  a  bituminous  mixture  is  secured  that  is 
form  and  homogeneous  in  composition  and  all  the  particles  of  the  aggre 
are  uniformly  and  completely  coated  with  the  hot  asphaltic  cement. 

(jb)    Binder   Course.     The  aggregate  for  the  binder  course  must  have  a 
perature  of  not  less  than  250°F.  nor  more  than  350°F.  when  ready  t 
coated   with  the  asphaltic  cement.     The  asphaltic  cement  shall  have 
same  temperature  when  applied  as  specified  for  the  wearing  surface, 
mineral  filler  is  required  in  the  binder. 

In  preparing  the  binder  course,  the  stone  and  sand  are  run  into  the  m 
chamber  and  the  asphaltic  cement  added  as  soon  as  the  sand  is  thorou 
incorporated  with  the  stone.  The  mixing  is  continued  until  all  pari 
of  the  aggregate  are  completely  coated  with  hot  asphaltic  cement  anc 
mixture  is  uniform  and  homogeneous  in  composition.  Care  must  be  1 
cised  in  the  preparation  of  this  binder  that  the  aggregate  does  not  get  too 
that  excess  fine  material  or  asphaltic  cement  are  not  used  if  rich  spo 
the  binder  are  to  be  avoided. 

7.  Hauling  and  Handling. 

The  paving  mixtures  must  be  kept  clean  during  hauling  and  handling 
covered  during  transit  with  canvas  or  other  materials  which  will  retain 
temperature.  These  mixtures  must  not  be  hauled  such  a  distance  that  si 
gation  of  the  ingredients  takes  place  or  that  a  crust  is  formed  on  the  sur 
bottom  or  sides  of  said  mixture  which  has  a  temperature  lower  than 
required.  These  mixtures  'must  not  be  dumped  any  faster  than  they 
be  properly  handled  by  the  shovelers  nor  at  such  a  rate  that  over  si? 
tons  of  paving  mixture  are  upon  the  platforms  at  the  same  time.  1 
must  be  spread  immediately  after  being  dumped  and  must  be  kept  perf« 
clean  until  spread.  Any  part  of  the  paving  mixture  which  becomes  < 
or  chilled  below  the  required  temperature  must  be  rejected.  All  pa 
mixture  must  be  carefully  removed  from  the  spot  upon  which  it  was  pi 
before  any  additional  paving  mixture  is  placed  thereon. 
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'he  mixture  for  the  wearing  surface,  when  dumped  on  the  platforms,  must 
e  a  temperature  between  272°F.  and  350°F.;  for  the  binder  course, 
ween  250°F.  and  325°F.     Any  portions  of  the  wearing  surface  mixture 

become  chilled  below  25o°F.  or  of  the  binder  below  22S°F.  before  being 
i&d  shall  be  discarded, 
hese  paving  mixtures  may  be  dumped  direct  on  a  concrete  foundation, 

when  the  foundation  is  macadam  or  telford  they  shall  be  dumped  on 
;al  or  wooden  platforms  which  must  be  of  such  size  that  the  paving  mix- 

2  will  not  fall  off  when  dumped  thereon  or  work  off  during  spreading, 
wearing  surface  mixture  may  be  dumped  on  the  binder.     However, 

h  load  of  paving  mixture  must  be  dumped  outside  of  the  area  over  which 
rill  be  spread. 

dl  vehicles  used  in  transporting  paving  mixtures  must  have  tight-fitting 
toms  which  will  hold  hot,  thin  mixtures  without  leaking.  When  motor 
~ks  are  used  the  bodies  should  be  insulated  for  long  hauls  during  cold 
ither  so  that  the  paving  mixtures  adjacent  the  ends  and  sides  will  not 
ome  chilled  during  transit.  All  motor  trucks  used  for  this  purpose  must 
e  dump  bodies  that  will  permit  the  rapid  unloading  of  these  mixtures- 

3  inside  surface  of  these  bodies  should  be  oiled  just  before  loading.  How- 
r,  only  sufficient  of  this  oil  shall  be  used  to  coat  the  surface.  No  pools 
ril  must  appear  on  the  bottom  of  the  truck. 

Spreading  and  Raking. 

mmediately  after  the  paving  mixture  has  been  dumped  upon  the  plat- 
ai,  it  shall  be  deposited  at  once  upon  the  foundation  or  binder  with  hot 
vels  in  such  a  manner  that  any  segregation  of  the  ingredients  or  irregulari- 
in  composition  will  be  eliminated  as  much  as  possible.  After  being  thus 
>osited  it  shall  be  so  spread  with  hot  iron  rakes  that  after  being  thoroughly 
ipacted  by  tamping  and  rolling  each  course  shall  have  the  average  thick- 
s,  surface  finish  and  contour  specified. 

during  spreading  and  raking  the  workmen  must  not  walk  over  or  stand  on 
paving  mixture  except  when  necessary  to  correct  irregularities  in  the  ini- 
raking.  The  paving  mixture  shall  not  be  spread  any  faster  than  it  can 
properly  handled  by  the  rakers. 

a)  Binder.  The  binder  course  shall  only  be  rolled  sufficient  to  properly 
npact  and  bind  together  the  ingredients  of  the  aggregate;  also  to  disclose 
open  spots  or  low  places.  When  any  depressions  are  discovered  they 
11  be  filled  with  additional  binder  and  rerolled  so  that  the  surface  of  this 
der  course  shall  be  of  a  uniform  character,  at  the  required  grade  and  have 
specified  crown. 

The  surface  of  the  binder  course  after  compression  shall  not  show  in  any 
ce  an  excess  of  asphaltic  cement  or  fine  matrix,  and  any  area  of  one  square 
t  or  more  showing  an  excess  of  asphaltic  cement  shall  be  cut  out  and 
)laced  with  proper  binder.  Smaller  spots  may  be  dried  by  the  use  of  stone 
st  and  smoothing  irons. 

After  being  spread  and  rolled  as  above  specified  the  binder  course  must  be 

tected  from  all  travel  and  be  kept  perfectly  clean  until  the  top  course 

been  applied.     If  any  part  of  the  binder  course  shows  a  lack  of  bond, 

omes  loose  or  broken  or  gets  covered  with  dirt  it  must  be  replaced  with 

per  material,  laid  in  accordance  with  the  requirements  given. 

The  binder  course  after  being  properly  constructed  should  be  covered  imme- 

.teiy  with  the  top  course.     In  no  case  shall  more  binder  be  laid  during  any 

day  than  can  be  covered  by  the  top  course  during  the  same  day.      No 

'ider  course  should  be  left  uncovered  during  the  night.     If  it  becomes 

jilted  with  dust  or  dirt  when  left  so  uncovered  it  must  be  swept  clean  or 

placed  with  proper  material  as  the  Engineer  may  direct,  before  any  surface 

arse  is  applied  thereto. 

S(6)  Surface. — Special  care  must  be  used  in  spreading  and  raking  the  wear- 
k  surface  if  porous  spots,  depression  or  projections  are  to  be  eliminated. 
It  this  purpose  the  Contractor  shall  employ  not  less  than  (3)  rakers  for 
>:h  one  hundred  (100)  square  yards  of  surface  pavement  laid  per  hour. 
Lditional  rakers  must  be  employed  when  a  greater  quantity  of  pavement  is 
..ng  laid  per  hour. 

JThe  rolling  of  the  wearing  surface  mixture  must  be  so  executed  that  porous 
ots  will  be  ehminated,  the  formation  of  waves  and  depressions  prevented 
Id  the  required  density  and  surface  finish  secured. 

Whenever  the  pavement  is  laid  along  side  of  brick  or  concrete  gutters, 
*eet  car  tracks,  man-hole  heads  or  liners,  the  finished  surface  adjacent  to 
fem  shall  be  left  one-quarter  (%)  of  an  inch  higher  in  order  to  provide  for 
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subsequent  compression  by  traffic  and  to  avoid  depressions  which  wot 
otherwise  be  liable  to  occur  at  these  points. 
9.  Rolling. 

After  the  paving  mixtures  have  been  properly  spread  and  raked  they  sb 
be  rolled  as  soon  as  they  will  bear  the  roller  without  undue  displacement 
hair  cracking.  Delays  in  the  initial  rolling  of  the  freshly  raked  mixtu 
will  not  be  permitted.  In  all  p  aces  inaccessible  to  a  roller,  such  as  ad  jaw 
to  curbs,  gutters,  headers,  man-holes,  etc.,  the  required  compression  sh 
be  secured  with  hot  tampers. 

The  initial  and  final  rolling  of  the  binder  course  shall  be  done  with  a  six 
to  eight  (8)  ton  tandem  roller  or  a  ten  (10)  to  twelve  (12)  ton  three- wh 
power  roller.  The  initial  rolling  of  the  top  course  or  wearing  surface  sb 
be  done  with  a  five  (5)  ton  tandem  roller,  but  final  compression  shall  alws 
be  secured  with  an  eight  (8)  to  ten  (10)  ton  tandem  roller  or  a  ten  (10) 
twelve  (12)  ton  three-wheel  power  roller  when  the  Engineer  permits 
requires  the  use  of  this  type  of  roller. 

When  more  than  one  hundred  (100)  square  yards  of  wearing  surface  ; 
laid  per  hour,  two  (2)  rollers  shall  be  kept  in  use,  one  of  which  shall  be  of  1 
finishing  size.  An  additional  finishing  roller  will  be  required  for  each  ad 
tional  one  hundred  (roo)  square  yards  of  wearing  surface  laid  per  ho 
All  rollers  used  shall  be  kept  in  good  condition  and  shall  weigh  not  less  tt 
two  hundred  (200)  pounds  to  the  inch  width  of  tread.  Each  roller  shall  be 
the  charge  of  a  competent  experienced  roller  Engineer  and  must  be  kept 
continuous  operation  as  nearly  as  practicable.  During  an  8-hour  day  ej 
roller  must  be  engaged  in  actual  rolling  for  not  less  than  six  and  one-t 
(6% )  hours,  not  more  than  one  and  one-half  (1^2)  hours  being  allowed 
cleaning  fires,  watering,  etc.  The  ashes  from  the  roller  must  not  be  dumj  ( 
upon  the  binder  or  wearing  surface  courses. 

The  surface  of  the_  wheels  of  the  roller  must  be  kept  clean  at  all  times  a 
either  oiled  or  wet  with  water  as  ordered  by  the  Engineer.  When  the  use 
water  is  permitted,  it  shall  not  be  applied  in  such  quantity  that  surplus  wa 
will  run  off  of  the  wheels  of  the  roller  onto  the  pavement. 

During  the  initial  rolling  of  both  the  top  and  bottom  courses,  the  ro 
shall  travel  parallel  to  the  axis  of  the  pavement,  beginning  at  each  edge  1 
working  towards  the  center.  Each  trip  of  the  roller  shall  overlap  the  { 
ceding  one  about  one-half  (L£)  the  width  of  the  roller.  Alternate  trips 
the  roller  should  be  of  slightly  different  lengths.  Subsequent  rolling  si 
be  bothdiagonal  and  parallel  to  the  axis  of  the  pavement.  The  rolling  si 
be  continued  at  the  rate  of  not  more  than  one  hundred  fifty  (150)  squ 
yards  of  wearing  surface  per  hour  for  each  roller  of  the  finishing  size.  1 
roller  must  not  pass  off  the  pavement  during  rolling,  nor  stand  on  the  cc 
pleted  pavement  which  has  not  cooled  to  normal  temperature. 

The  rolling  should  be  so  executed  that  all  parts  of  the  pavement  will  rece 
equal  compression;  also  develop  any  low  or  high  spots  caused  by  impro  1 
spreading  and  raking.     The  surface  of  low  spots  or  depressions  shall  ■ 
roughened  with  a  hot  rake,  additional  material  added  thereto  and  rerol 
immediately.     Excess  material  shall  be  removed  from  the  high  spots.  _  Si 
repairs  should  be  made  as  soon  after  the  initial  rolling  as  possible  while 
pavement  is  yet  fairly  soft. 

10.  Seal  Coat. 
As  soon  as  possible  after  the  rolling  of  the  mixture  is  finished  and  wl 

the  surface  is  yet  fresh,  clean  and  hot,  a  seal  coat  of  bituminous  cement  si 
be  spread  thereon.  The  cement  used  for  this  purpose  shall  be  the  same  L 
used  in  preparing  the  pavement  mixture.  It  shall  be  applied  at  a  tempe 
ture  between  250°F.  and  350°F.  from  a  squeegee  distributor,  and  tl 
evenly  spread  with  rubber  squeegees.  Only  sufficient  cement  shall  be  u; 
to  coat  the  surface  and  fill  the  surface  voids  without  leaving  an  excess  1 1 
the  surface.  Immediately  over  this  a  top  dressing  of  dustless  screenings 
pea  gravel,  or  a  mixture  thereof,  shall  be  uniformly  spread  and  rolled  ii| 
the  surface.     Some  surplus  of  this  dressing  shall  be  left  on  the  surfa 

11.  Surface  Finish. 
The  surface  of  the  finished  pavement  must  substantially  conform  to 

grade  and  contour  specified  and  shall  be  free  from  depressions  or  projects 
which  are  one-quarter  Q/±)  of  an  inch  above  or  below  the  established  gn 
as  determined  by  a  straight  edge,  five  (5)  feet  in  length,  laid  parallel  to  ; 
axis  of  the  road.  It  must  be  uniform  in  density  and  composition,  thoroug. 
bonded  together  and  water  tight,  and  be  free  from  porous  or  rough  sp 
that  will  remain  wet  after  the  balance  of  the  surface  is  dry.     Such  porti< 


BITUMINOUS  CONCRETE  1463 

he  completed  pavement  as  are  defective  in  finish,  or  that  do  not  comply 
11  respects  with  the  requirements  of  these  specifications,  shall  be  taken  up, 
loved  and  replaced  with  suitable  material,  properly  made  and  laid  in 
ardance  with  the  requirements  of  these  specifications  at  the  expense  of 
Contractor. 

Joints. 

'he   paving  shall  be  so  done  that  the  number  of  joints  required  shall  be 

iced  to  a  minimum.     When  a  rope  joint  is  not  used  the  edges  of  the  prev- 

;ly  laid  pavement  shall  be  cut  off  in  a  straight  line  far  enough  back  from 

edge  to  insure  that  the  wearing  surface  has  the  required  thickness.     The 

shall  be  made  at  a  slight  angle  to  the  pavement  surface  and  present  a 

>oth  unbroken  edge.      The  face  of  the  joint  shall  be  painted  with  bitumin- 

cement,  after  which  the  hot  bituminous  mixture  shall  be  raked  over  it  to 

proper  depth.     Hot  smoothers  or  tampers  shall  be  carefully  employed 

uch  manner  as  to  insure  the  proper  bond  between  the  two  (2)  paving 

Itures  without  burning  or  injuring  either.     The  finished  joint  must  be  on 

t  same  plane  as  the  adjacent  finished  pavement  surface.     Joints  which 

labove  or  below  the  general  plane  of  the  pavement  surface  must  be  brought 

Ihe  proper  grade  or  remade. 

■he  faces  of  all  curbs  and  gutters,  iron  castings  or  other  objects  projecting 
■>ugh  the  pavement  shall  be  painted  with  hot  bituminous  cement  before 

■  adjoining  paving  mixture  is  laid.  The  adjacent  paving  mixture  shall 
Ijompressed  by  ramming  with  hot  tampers  when  the  required  compression 
liot  be  secured  with  the  roller. 

I  Foundation,  Condition  of. 

Rhe  foundation,  when  a  bituminous  pavement  is  applied  thereon,  must 
■iry,  clean,  free  from  all  frost,  and  have  a  temperature  above  32°F.  at 
I  point  where  the  paving  mixture  is  being  laid.  It  must  substantially 
■:orm  to  the  grade  and  crown  specified,  and  comply  with  the  requirements 
g  n  for  the  type  of  foundation  being  used.  When  a  foundation  is  in  the 
■per  condition  to  receive  a  paving  mixture  it  must  be  protected  from  all 
■'el  that  will  injure,  deface  or  carry  foreign  material  upon  it. 
1  Edge  Protectors. 

■/hen  the  edges  of  pavements  are  not  protected  by  a  concrete  or  stone 
I)  or  header,  four  (4)  to  six  (6)  inch  planks  of  the  same  thickness  as  the 
■;hed  pavement  must  be  used  for  this  purpose,  which  shall  be  firmly 
■ired  and  left  in  place  until  the  pavement  has  been  properly  rolled  and 
■roughly  set. 

1  Construction  Season. 

■he  pavement  shall  be  laid  between  the  first  day  of  May  and  the  first  day 

■  December,  unless  written  permission  is  secured  from  the  Department  to 
■pavement  at  any  other  time.  No  pavement  shall  be  laid  when  it  is  rain- 
■or  when  the  atmospheric  temperature  is  below  32°F.,  or  when  the  weather 
■ich  as  to  make  it  very  difficult  to  lay  the  paving  mixture  in  a  manner 
■ch  will  permit  the  proper  density  and  surface  finish  being  secured. 

1  Workmen. 

f  he  workmen  employed  by  the  Contractor  must  have  had  sufficient 
■erience  in  the  preparation  of  bituminous  paving  mixtures  and  the  con- 
■.ction  of  bituminous  pavements  to  be  able  to  operate  the  equipment  in 
sn  a  manner  that  the  pavement  produced  will  have  the  required  composi- 
te,  density  and  surface  finish.  The  men  operating  the  mixing  plant,  the 
■:aders,  rakers  and  roller  men  must  show  by  the  work  completed  that  they 
he  had  the  necessary  experience  and  are  making  the  proper  effort  to  exe- 
■p  the  work  in  the  manner  required  by  these  specifications.  Otherwise, 
Br  services  will  have  to  be  dispensed  with  by  the  Contractor. 
1  Plant  and  Equipment. 

k  he  plant  used  in  preparing  all  bituminous  paving  mixtures  must  be  of  the 
p:h  type,  capable  of  mixing  in  the  manner  herein  specified  not  less  than 
ti  (10)  tons  of  the  paving  mixture  for  each  mixer  per  hour,  and  must  be 
■vided  with  separate  chambers  for  heating  and  mixing  the  ingredients. 
•  direct  heat  except  steam  shall  be  applied  to  the  exterior  surface  of  the 
ping  chamber  or  flame  through  the  same.  The  aggregate  shall  be  heated 
m  revolving  kiln.  The  heat  must  be  so  regulated  that  the  aggregate  can 
ply  be  heated  to  and  maintained  to  the  required  temperature.  The  tem- 
fcture  of  the  uncoated  heated  aggregate  shall  be  determined  by  an  electric 
■smeter,  so  placed  at  the  discharge  chute  of  the  dryer  as  to  register 
■bmatically  the  temperature  thereof. 
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All  mixing  plants  which  do  not  dry  and  heat  the  aggregate  in  unit  bat< 
must  be  equipped  with  a  twin-pug  mixer,  rotary  screen,  storage  bins,  ho] 
and  scales. 

The  rotary  screen  must  separate  the  aggregate  into  two  or  more  s: 
exclusive  of  tailings.  This  screen  must  be  not  less  than  five  (5)  feet  in  lei 
and  contain  the  size  openings  necessary  to  produce  a  paving  mixture  of 
composition  herein  specified. 

The  main  bin  into  which  the  hot  screened  aggregate  falls  must  be  divi 
to  correspond  to  the  different  sized  openings  in  the  rotary  screen,  and  b 
arranged  that  the  aggregate  from  each  size  screen  will  pass  into  its  respec 
bin  without  getting  into  the  adjacent  sub-bins.  Each  sub- bin  must 
provided  with  an  overflow  that  will  prevent  excess  material  being  accu 
lated  in  any  one  sub-bin.  An  overflow  must  also  be  provided  to  pre-< 
all  material  larger  than  that  permitted  to  be  used  in  the  pavement  ui 
construction  from  falling  into  any  of  the  bins. 

Each  sub-bin  must  have  a  separate  outlet  with  a  gate  at  the  bottom,  an 
arranged  that  any  definite  quantity  of  aggregate  can  be  drawn  therefc 
The  hopper  into  which  the  hot  aggregate  is  drawn  must  rest  upon  a  se 
scales  so  arranged  that  any  definite  weight  of  material  can  be  weighed 
of  each  sub-bin. 

The  mixer  must  be  capable  of  holding  and  properly  mixing  at  least  a 
thousand  (1000)  pound  batch  of  paving  mixture.  Each  plant,  regarc 
of  the  type  of  mixer  used,  must  have  at  least  two  asphalt  kettles  holding 
less  than  six  hundred  (600)  gallons  each,  and  an  asphalt  thermometer 
use  therewith.  The  heat  must  be  applied  to  these  kettles  in  such  a  mai 
that  the  asphalt  cement  will  be  uniformly  heated  without  being  burne 
decomposed. 

The  asphalt  carrier  used  to  measure  and  apply  the  asphalt  cement  r 
be  balanced  upon  a  set  of  scales.  It  shall  be  so  arranged  that  the  asp 
cement  can  be  easily  and  quickly  weighed  and  poured  in  a  thin  sheet  betv 
the  two  lines  of  paddles  the  full  width  of  the  mixer. 

When  a  squeegee  distributor  is  required  to  be  used,  it  must  be  designee 
this  particular  purpose.     All  equipment  and  methods  used  in  the  prepara 
and  construction  of  the  pavement  must  be  approved  by  the  Engineer  be 
being  used  on  this  contract. 
18.  Field  Laboratory. 

The  Contractor  shall  provide  and  keep  in  good  order  at  the  plant  the 
lowing  testing  equipment  which  may  be  used  by  the  Engineer  or  Inspei 

1  Penetration  Machine  Complete  with  Dishes,  Thermometer,  Nee> 
Stop  Watch,  etc. 

1  Laboratory  Sand  Scale,  500-gr.  capacity. 

1  Set  6-  to  8-in.  Sieves,  containing  the  following:  Sizes  10,  20,  30,  40 
80  and  200  meshes,  with  bottom  pan  and  cover. 

1  Set  6-  to  8-in.  Screens,  i>£,  1,  £4,  M  and  3^  in. 

2  6-in.  Pointed  Trowels. 

2  6-  to  8-in.  Steel  Spatulas. 

2  Brushes. 

2  Or  more  Inspectors'  Armor  Asphalt  Thermometers. 

1  Roll  Pat  Test  Paper. 

The  above  equipment  must  be  standard  type  and  approved  by  the  Tes 
Engineer.  The  Contractor  shall  also  provide  a  field  laboratory  in  whic 
house  and  use  the  above  equipment,  said  laboratory  to  be  not  less  than 
(10)  feet  wide,  twelve  (12)  feet  long  and  seven  (7)  feet  high,  floored,  con 
not  less  than  two  windows  and  work  bench  with  the  necessary  drawers; 
laboratory  to  be  used  exclusively  for  testing  purposes  by  the  Contrae 
Engineer  or  Inspector. 

Surface  Type  S.  A. 

75C.  SHEET  ASPHALT 

Two  Course 

1.  Definition. 

A  sheet  asphalt  pavement  is  one  in  which  the  wearing  surface  is  comp 
of  bituminous  sand  and  mineral  filler,  bound  together  with  an  asph. 
cement.  It  is  usually  laid  in  two  courses — the  top  or  wearing  surface 
the  bottom  or  binder  course. 

2.  Thickness  and  Weight. 

The  top  course  must  have  an  average  thickness  after  ultimate  compres 
of   not   less   than   one  and  one-half  inches  dH").  shall  not  be  less  than 
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d  one-quarter  inches  (1^")  nor  more  than  two  inches  (2")  thick  at 
y  one  point,  and  shall  have  an  average  weight  of  not  less  than  one  hundred 
ty  (150)  pounds  per  square  yard. 

The  bottom  course  shall  have  an  average  thickness  after  ultimate  com- 
sssion  of  not  less  than  one  and  one-half  inches  (i3^'0,  shall  not  be  less 
in  one  and  one-quarter  inches  (1^")  nor  more  than  two  and  one-half 
:hes  (2^")  thick  at  any  one  point,  and  shall  have  an  average  weight  of 
t  less  than  one  hundred  seventy  (170)  pounds  per  square  yard. 

Materials  Required. 
The  top  or  wearing  surface  shall  be  prepared  from  bituminous  sand,  min- 

il  filler  and  asphaltic  cement,  Grade  LM1,  CM1,  NA1  or 

The  bottom  or  binder  course  shall  be  prepared  from  %-in.  trap  rock,  dolo- 

te  or bituminous  sand  and  asphaltic  cement,  Grades  LM1,  CM1, 

'l1  or 

These  materials  shall  comply  with  the  requirements  given  in  Articles  92, 
A,  97  and  99. 

Composition. 

The  finished  pavement  must  not  vary  in  composition  more  than  the  limits 
en  below: 


Screens  and  sieves 


Passing 


Retained  on 


Type  of 
opening 


Bottom  course  1      Top  course 


Mini- 
mum, 
% 


Maxi- 
mum, 
% 


Mini- 
mum, 
% 


Maxi- 
mum, 
% 


rjj-m. 

in. 
-in. 
-in. 

>-mesh 
)-mesh 
-mesh 
■mesh 
-mesh  filler 


i-m. 
^-in. 
K-in. 
10-mesh 
30-mesh 
50-mesh 
80-mesh 
200-mesh 


Circular 

Circular 

Circular 

Square 

Square 

Square 

Square 

Square 

Square 


ital    stone    content — retained   on    10- 

mesh 

tumen  content 


0.0 

25.0 

40.0 

70.0 

5-0 

20.0 

00.0 

15.0 

3-0 

10. 0 

10. 0 

4.0 

8.0 

ISO 

4.0 

8.0 

150 

3-0 

12.0 

12.0 

0.  0 

5-0 

12.0 

75-0 

90.0 

0.0 

4.0 

5-5 

10. 5 

2.0 

30.0 

30.0 

30.0 

28.0 

20.  0 

2.0 
12.5 


Estimating  Ingredients. 

The  proportions  of  the  different  ingredients  required  to  prepare  the  pave- 
;nt  shall  be  determined  by  weight.  The  pavement  must  not  vary  in  com- 
sition  more  than  the  specified  limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusive  of 
y  mineral  or  bituminous  surface  coating  applied.  The  exact  amount  of 
;.neral  filler  and  asphaltic  cement  to  use  between  the  limits  defined  herein 
11  be  determined  by  the  Testing  Engineer.  In  calculating  the  percent- 
es  of  the  various  sizes  of  ingredients  of  which  the  mineral  aggregate  is 
|?mposed,  the  bitumen  is  included.  The  actual  amount  of  paving  mixture 
led  shall  be  estimated  from  the  railroad  shipping  weights  of  the  ingredients 
"ed,  batches  of  paving  mixtures  prepared  and  used,  or  loads  delivered  and 
d. 

Surface  Type  A 

75L.  AMIESITE 

Bituminous  Concrete 

Two  Course 
Definition. 
'A  bituminous  concrete  pavement  is  defined  as  one  which  is  composed  of 
ijan   stone,    bituminous   sand   and   a   mineral   filler,    bound   together   with 
tuminous  cement. 
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2.  Thickness  and  Weight. 
This  pavement  shall  be  laid  in  two  (2)  courses;  the  bottom,  or  bine 

course,  and  the  top,  or  wearing  course,  in  the  ratio  of  not  less  than  two  I 
nor  more  than  three  (3)  parts  of  bottom  course  as  one  (1)  part  of  top, 
weight.  The  finished  pavement  must  be  not  less  than  two  (2)  nor  more  th 
three  (3)  inches  thick  at  any  point  after  ultimate  compression,  and  wei 
not  less  than  two  hundred  and  fifty  (250)  pounds  per  square  yard  of  surf  a 
The  thickness  of  the  top  course  must  be  sufficient  to  completely  cover  t 
bottom  course,  and  also  to  eliminate  any  inequalities  in  the  binder  surfa' 
However,  in  no  case  shall  it  be  laid  over  one  (1)  inch  thick  after  compressic 

3.  Materials  Required. 
The  pavement  shall  be  prepared  from  the  following  ingredients:  trap  ro< 

dolomite  or ,  and  stone  dust,  Grade  A,  hydrated  lime,  a 

bituminous  cement,  Grade  NA3,  LM3,  T3,  CM3,  or 

These  materials  shall  comply  with  the  requirements  therefor  as  defined 
Articles  92  and  99. 

4.  Composition. 
The  finished  pavement  must  not  vary  in  composition  more  than  the  lim 

given  below: 


Screens 

and  sieves 

Type  of 

Bottom 

course 

Top  course 

opening 

Mini- 

Maxi- 

Mini- . 

Max- 

Passing 

Retained  on 

mum, 

mum, 

mum, 

murr 

% 

% 

% 

% 

2-in. 

1 -in. 

Circular 

40.0 

70.0 

i-m.  . 

H-in. 

Circular 

250 

35-0 

20.  ( 

H-in. 

K-in.       . 

Circular 

0.0 

10. 0 

40.0 

55-' 

H-'m. 

10-mesh 

Square 

3.0 

8.0 

15.0 

30.' 

10 

30-mesh 

Square 

4.0 

8.0 

8.0 

15.' 

30 

80-mesh 

Square 

3.0 

6.0 

30 

8.« 

80 

200-mesh 

Square 

2.0 

7-0 

2.0 

6.. 

200-mesh 

Filler 

Square 

2.0 

6.0 

4.0 

8.. 

Total    stone 

;   content — ret 

ained    on 

10-mesh 

ontent 

70.0 

95-0 

65.0 

85. . 

Bitumen     c 

3-0 

5-0 

5-5 

8.< 

5.  Estimating  Ingredients. 

The  proportions  of  the  different  ingredients  required  to  prepare  the  pa 
ment  shall  be  determined  by  weight.  The  pavement  must  not  vary  in  cc 
position  more  than  the  specified  limits  given. 

The  bitumen  content  is  based  upon  the  finished  pavement,  exclusive 
any  mineral  or  bituminous  surface  coating  applied.  The  exact  amount 
mineral  filler  and  asphaltic  cement  to  use  between  the  limits  defined  her 
shall  be  determined  by  the  Testing  Engineer.  _  In  calculating  the  perce 
ages  of  the  various  sizes  of  ingredients  of  which  the  mineral  aggregatt 
composed,  the  bitumen  is  included.  The  actual  amount  of  paving  mixt 
used  shall  be  estimated  from  the  railroad  shipping  weights  of  the  ingredie 
used,  batches  of  paving  mixture  prepared  and  used,  or  loads  delivered  £ 
laid. 

6.  Preparation. 

The  quantity  of  ingredients  used  per  batch  in  the  preparation  of  the  pav 
mixture  must  be  accurately  determined  by  either  weight  or  measurem 
depending  upon  the  type  of  plant  and  kind  of  material  being  used.  In  eit 
case  the  devices  used  in  measuring  these  ingredients  must  be  standards 
whenever  so  requested,  also  the  maner  in  which  these  devices  are  used  si 
be  demonstrated  and  the  quantity  of  material  thus  secured  verified,  wh 
ever  so  ordered  by  the  Inspector  or  Engineer.  The  plant  used  in  prepar 
the    paving   mixtures   shall   comply   with  the   requirements   given   bel< 

The  mineral  filler  should  be  so  cast  into  the  mixing  chamber  that  il 
evenly  distributed  over  the  surface  of  the  aggregate  and  not  dumped  in  < 
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of  the  mixing  chamber.  The  asphaltic  cement  should  also  be  added 
ly  in  a  thin  sheet  the  full  width  of  the  mixing  chamber.  If  the  filler 
asphaltic  cement  are  not  added  in  this  manner,  the  time  required  to 
[uce  a  uniform  paving  mixture  will  be  two  (2)  or  more  minutes  per  batch, 
jrwise,  from  one  (1)  to  one  and  one-half  (iH)  minutes  will  be  sufficient, 
he  mineral  aggregate  must  be  perfectly  dry  when  coated  and  have  a 
perature  of  not  less  than  6o°F.  nor  more  than  i25°F.  The  bitumen, 
n  applied  to  the  aggregate  must  have  a  temperature  of  not  less  than 
F.  nor  more  than  350°F.,  and  must  be  free  from  unmelted  lumps.  From 
;e  (3)  to  five  (5)  pounds  of  hydrated  lime  shall  be  used  for  each  ton  of 
ing  mixture  prepared. 

1  preparing  the  paving  mixture  for  both  the  top  and  bottom  courses,  the 
e  and  sand  shall  first  be  placed  in  the  mixing  chamber,  after  which  some 
efier  shall  be  added,  and  as  soon  as  the  aggregate  is  coated  therewith  the 
raltic  cement  shall  be  added.  More  liquefier  shall  then  be  added  and 
mixing  continued  until  the  aggregate  is  completely  coated  with  the 
laltic  cement.  The  hydrated  lime  shall  then  be  added,  and  more  lique- 
if  necessary,  to  secure  the  proper  distribution  of  the  asphaltic  cement, 
mixing  shall  continue  until  all  particles  of  the  aggregate  are  completely 
uniformly  coated  with  the  asphaltic  cement. 

he  paving  mixture,  when  properly  prepared,  must  be  uniform  in  composi- 
,  free  from  lumps  or  balls  containing  an  excessive  quantity  of  bitumen, 
1  material  containing  less  bitumen  than  that  required,  and  not  show 
ence  of  the  improper  application  of  the  liquefier.  The  above  mixture 
I  not  be  laid  sooner  than  twenty-four  (24)  hours  nor  later  than  fourteen 
days  after  preparation,  unless  written  permission  is  secured  from  the 
ineer  to  lay  the  same  before  or  after  these  intervals. 

[auling  and  Handling. 

tie  paving  mixtures  must  be  kept  clean  during  hauling  and  handling. 

se  mixtures  must  not  be  dumped  any  faster  than  they  can  be  properly 
lulled  by  the  shovelers,  nor  at  such  a  rate  that  over  six  (6)  tons  of  paving 
■;ure  are  upon  the  platforms  at  the  same  time.  They  must  be  spread 
la  ediately  after  being  dumped,  and  must  be  kept  perfectly  clean  until 
Bad.  Any  part  of  the  paving  mixture  which  becomes  dirty  must  be 
li:ted.  All  paving  mixture  must  be  carefully  removed  from  the  spot 
Bi  which  it  was  placed  before  any  additional  paving  mixture  is  placed 
aeon, 
aaese  paving  mixtures  may  be  dumped  direct  on  a  concrete  foundation, 

■  when  the  foundation  is  macadam  or  telford  they  shall  be  dumped  on 
Bil  or  wooden  platforms,  which  must  be  of  such  size  that  the  paving  mix- 

■  will  not  fall  off  when  dumped  thereon  or  work  off  during  spreading, 
r  wearing  surface  mixture  may  be  dumped  on  the  binder.  However, 
B  load  of  paving  mixture  must  be  dumped  outside  of  the  area  over  which  it 

■  be  spread. 

l-.l  vehicles  used  in  transporting  paving  mixtures  must  have  tight-fitting 
BJoms  which  will  hold  hot,  thin  mixtures  without  leaking.  When  motor 
trks  are  used  the  bodies  should  be  insulated  for  long  hauls  during  cold 
fther  so  that  the  paving  mixtures  adjacent  the  ends  and  sides  will  not 
Bjme  chilled  during  transit.  All  motor  trucks  used  for  this  purpose  must 
ft  dump  bodies  that  will  permit  the  rapid  unloading  of  the  mixture.  The 
■te  surface  of  these  bodies  should  be  oiled  just  before  loading.  However, 
B  sufficient  of  this  oil  shall  be  used  to  coat  the  surface.  No  pools  of  oil 
Wt  appear  in  the  bottom  of  the  truck. 

■JPREADING. 

4)BoUom  Course. 

■he  paving  mixture  for  both  courses  must  have  a  temperature  of  not  less 
K  5o°F.  nor  more  than  I25°F.,  when  dumped  on  the  platforms  or  when 
■id,  unless  written  permission  is  secured  from  the  Engineer  to  lay  the 
■fag  mixture  when  it  has  a  lower  or  higher  temperature  than  that  specified 

t  ie  bottom  course  shall  be  so  spread  upon  the  foundation  that  after  being 
Bti  as  herein  specified,  it  will  be  uniform  in  density  and  its  upper  surface 
^have  the  proper  crown  and  be  parallel  to  the  grade  established  for  the 
fc.ce  of  the  finished  pavement. 

■he  time  and  manner  of  rolling  shall  be  governed  by  the  condition  of  the 
fcig  mixture.  If  the  paving  mixture  contains  enough  liquefier  to  be  soft 
Bfclastic  it  shall  not  be  rolled  until  the  bitumen  has  hardened  sufficiently  to 

■  the  pavement  the  necessary  stability  when  properly  consolidated  by 
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rolling.  During  rainy  or  cold  weather  it  may  require  twenty-four  (I 
hours  or  more  for  the  bitumen  to  cure  after  the  paving  mixture  has  b  I 
spread,  but  during  hot,  dry  weather  it  may  cure  sufficiently  in  from  six  1 
to  eight  (8)  hours. 

When  properly  cured  the  paving  mixture  shall  be  rolled.     The  initial  i  'I 
ing  shall  be  continued  until  the  desired  bond  between  the  ingredients  of 
aggregate  is  secured  and  any  porous  or  low  spots  disclosed.      Depressi ' 
made  by  rolling  shall  be  filled  with  additional  material  and  rerolled  so  t 
the  surface  of  this  bottom  course  will  be  of  a  uniform  character  and  have  1 1 
required  grade  and  crown. 

After  being  spread  and  rolled  as  above  specified,  the  bottom  course  n  I 
be  protected  from  all  travel  and  kept  perfectly  clean  until  the  top  coi 
has  been  applied.     If  any  part  of  this  course  shows  a  lack  of  bond,  beco 
loose  or  broken  up,  or  covered  with  mud,  it  must  be  replaced  with  pre 
material  laid  in  accordance  with  the  requirements  given  herein.     If,  be  I 
the  surface  course  is  applied,  it  becomes  coated  or  partly  coated  with  d  J 
the  part  thus  coated  must  be  swept  and  then  given  a  light  application  of  1 1 
minous  cement  Grade  K,  or  replaced  with  proper  material  as  the  Engi: 
may  direct.     When  this  bituminous  cement  is  used  it  must  be  allowe' 
cure  before  any  surface  course  is  applied  to  the  bottom  course  thus  coa 
If  the  bottom  course  becomes  wet  before  it  can  be  covered,  it  must  be  alio 
to  dry  before  the  surface  pavement  is  laid. 
(&)    Top  Course. 

After  the  blttom  course  has  been  spread  and  rolled  as  above  specifii 
shall  be  covered  at  once  with  the  top  course.  _  This  course  shall  be  spread 
uniform  layer  and  immediately  rolled  until  it  shows  no  further  evidem 
compressibility. 

9.  Rolling. 

The  initial  and  final  rolling  shall  always  be  done  with  io-  to  1 2-ton  tl 
wheel  power-driven  roller,  or  a  12-  to  15-ton  tandem  roller.  During 
initial  rolling  the  roller  shall  travel  parallel  to  the  axis  of  the  paveri 
beginning  at  each  edge  and  working  towards  the  center. 

Subsequent  rolling  shall  be  both  diagonal  and  parallel  to  the  axis  0 
pavement.  The  rolling  shall  be  continuous  at  the  rate  of  not  more  thai 
hundred  fifty  (150)  square  yards  of  surface  per  hour  for  each  roller, 
roller  must  not  pass  off  the  paving  mixture  during  rolling  and  the  whe< 
the  same  must  be  kept  clean  and  oiled  at  all  times.  No  water  shall  be  ap  ', 
to  the  wheels  of  the  roller.  Ashes,  coal,  dirty  water  or  grease  must  n 
allowed  to  drop  from  the  roller  onto  the  pavement. 

If  porous  spots  or  spots  showing  compression  remain  after  rolling,  mc 
the  top  course  must  be  added  at  such  points  and  firmly  rolled  into  1 
After  rolling  has  been  finished  the  surface  of  the  top  course  must  hav 
required  crown,  density  and  thickness  and  be  at  the  grade  establishe 
the  surface  of  the  finished  pavement.  The  surface  shall  then  be  co- 
with  a  thin  coating  of  clean,  coarse  sand  or  stone  dust,  using  about  fiv 
pounds  per  square  yard.  After  this  coating  has  been  applied,  the  ps 
the  pavement  thus  covered  must  be  open  to  travel. 

The  faces  of  the  curbs,  gutters,  iron  castings  and  other  objects  in  the  j 
ment  shall  be  painted  with  bituminous  cement  Grade  K  before  the  s 
mixture  is  placed  against  them.  The  adjacent  paving  mixture  shall  be 
pressed  by  tamping  when  it  is  impossible  to  properly  compress  it  by  re 

10.  Surface  Finish. 
The  surface  of  the  finished  pavement  must  be  even,  uniform,  free 

bumps,  waves  or  depressions  that  are  more  than  one-quarter  (3^)  of  an 
below  or  above  the  general  surface  of  the  pavement  as  determined  byastr 
edge  not  less  than  five  (5)  feet  in  length,  laid  parallel  to  the  axis  of  the  ; 
ment.  It  must  be  uniform  in  density  and  composition,  thoroughly  be 
together,  water-tight  and  have  the  grade  and  crown  specified  or  shov 
plans.  The  paving  mixture  must  be  so  spread,  raked  and  rolled  tha 
pavement  surface  will  be  free  from  porous  or  rough  spots.  When  such 
appear  in  the  surface  they  must  be  repaired  in  a  manner  satisfactory  t 
Engineer  or  cut  out  and  replaced  with  material  prepared  and  laid  as  1 
specified. 

Portions  of  the  completed  pavement  which  are  defective  in  finish, 
pression  or  composition,  or  which  do  not  comply  in  all  respects  wit 
requirements  of  these  specifications,  at  the  Contractor's  expense  shf 
removed,  and  replaced  with  material  prepared  and  laid  in  accordance 
the  requirements  therefor  as  given  herein. 
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■  Foundation,  Condition  of. 

■he  foundation,  when  a  bituminous  pavement  is  applied  thereon,  must  be 
b  clean,  free  from  all  frost,  and  have  a  temperature  above  32°F.  at  the 
It  where  the  paving  mixture  is  being  laid.  It  must  substantially  conform 
Hie  grade  and  crown  specified,  and  comply  with  the  requirements  given  for 
type  of  foundation  being  used.     When  a  foundation  is  in  the  proper 

ition  to  receive  a  paving  mixture  it  must  be  protected  from  all  travel 

will  injure,  deface  or  carry  foreign  material  upon  it. 

Edge  Protectors. 

hen  the  edges  of  pavements  are  not  protected  by  a  concrete  or  stone 
or  header,  four  (4)  to  six  (6)  inch  planks  of  the  same  thickness  as  the 
hed  pavement  must  be  used  for  this  purpose,  which  shall  be  firmly 
red  and  left  in  place  until  the  pavement  has  been  properly  rolled  and 
oughly  set. 

J  Construction  Season. 

■he  pavement  shall  be  laid  between  the  first  day  of  May  and  the  first  day 
B)ecember,  unless  written  permission  is  secured  from  the  Department  to 
Bpavement  at  any  other  time.  No  pavement  shall  be  laid  when  it  is 
Bing  or  when  the  atmospheric  temperature  is  below  32°F.,  or  when  the 
Bther  is  such  as  to  make  it  very  difficult  to  lay  the  paving  mixture  in  a 
■ner  which  will  permit  the  proper  density  and  surface  finish  being  secured. 
1,  Workmen. 

he  workmen  employed  by  the  Contractor  must  have  sufficient  experi- 
I:  in  the  preparation  of  bituminous  paving  mixtures  and  the  construction 
Bituminous  pavements  to  be  able  to  operate  the  equipment  in  such  a 
■I ner  that  the  pavement  produced  will  have  the  required  composition, 
d<;ity  and  surface  finish.  The  men  operating  the  mixing  plant,  the  spread- 
■rakers,  and  roller  men  must  show  by  the  work  completed  that  they  have 
Bthe  necessary  experience  and  are  making  the  proper  effort  to  execute  the 
k  in  the  manner  required  by  these  specifications.  Otherwise,  their  ser- 
ps  will  have  to  to  be  dispensed  with  by  the  Contractor. 
BPlant  and  Equipment. 

Ehe  plant  used  in  preparing  the  bituminous  paving  mixtures  must  be  of 
■[batch  type,  capable  of  mixing  in  the  manner  herein  specified,  not  less 
Hi  ten  (10)  tons  of  the  paving  mixture  each  mixer  per  hour,  and  must  be 
Brided  with  separate  chambers  for  drying  and  mixing  the  ingredients. 
Rdirect  heat  except  steam  shall  be  applied  to  the  exterior  surface  of  the 
Bing  chamber.  The  aggregate,  when  drying  is  required,  shall  be  heated 
■evolving  kilns.  The  heat  must  be  so  regulated  that  the  aggregate  can 
By  be  heated  to,  and  maintained  at,  the  required  temperature. 
Ijll  mixing  plants  must  be  equipped  with  a  twin-pug  mixer,  rotary  screen, 
Bage  bins,  hopper  and  scales.  The  screen  must  contain  the  size  opening 
nrssary  to  produce  a  paving  mixture  of  the  composition  specified, 
■he  mixer  must  be  capable  of  holding  and  properly  mixing  at  least  a  1000- 
Boatch  of  paving  mixture.  Each  plant,  regardless  of  the  type  of  mixer 
■I,  must  have  at  least  two  asphalt  kettles  holding  not  less  than  six  hundred 
B>)  gallons  each,  and  an  asphalt  thermometer  for  use  therewith.  The  heat 
■it  be  applied  to  these  kettles  in  such  a  manner  that  the  asphaltic  cement 
■ibe  uniformly  heated  without  being  burnt  or  decomposed. 

he  asphalt  carrier  used  to  measure  and  apply  the  asphaltic  cement  must 
fcoalanced  upon  a  set  of  scales.  It  shall  be  so  arranged  that  the  asphaltic 
fceent  can  be  easily  and  quickly  weighed  and  poured  in  a  thin  sheet  between 
■two  lines  of  paddles  and  for  the  full  width  of  the  mixer. 
When  a  squeegee  distributor  is  required  to  be  used  it  must  be  designed  for 
■^particular  purpose.     All  equipment  and  methods  used  in  the  preparation 

■  construction  of  the  pavement  must  be  approved  by  the  Engineer  before 
bi  g  used  on  this  contract. 

k  Field  Laboratory. 

■he  Contractor  shall  provide  and  keep  in  good  order  at  the  plant  the  follow 
I  testing  equipment  which  may  be  used  by  the  Engineer  or  Inspector, 
e  Penetration  Machine  complete  with  Dishes,  Thermometer,  Needles, 
S)  Watch,  etc. 

i  'Laboratory  Sand  Scale  500-gr.  capacity. 

1  Set  6-  to  8-in.  Sieves,  containing  the  following:  Sizes  10,  20,  30,  40,  50, 
8<md  200  meshes,  with  bottom  pan  and  cover. 
9  Set  6-  to  8-in  Screens,  1^,  1,  %,  K  and  K  in. 
6-in.  Pointed  Trowels. 
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2  6^  to  8-in.  Steel  Spatulas. 

2  Brushes. 

2  Or  more  Inspectors'  Armor  Asphalt  Thermometers. 

i  Roll  Pat  Test  Paper. 

The  above  equipment  must  be  of  standard  type  and  approved  by 
Testing  Engineer.  The  Contractor  shall  also  provide  a  field  laborator 
which  to  house  and  use  the  above  equipment,  said  laboratory  to  be  not 
than  ten  (io)  feet  wide,  twelve  (12)  feet  long  and  seven  (7)  feet  high,  floe 
contain  not  less  than  two  windows  and  work  bench  with  the  necessary  d 
ers;  this  laboratory  to  be  used  exclusively  for  testing  purposes  by  the  < 
trator,  Engineer  or  Inspector. 

Item1  51A.    Cement-concrete  Pavement  (1:2:4);  Item  51B 

Cement  corcrete  Pavement  (1:2:3^  Mix) ;  Item  51C 

Cement-concrete  Pavement  (1:1^:3  Mix) 

Item  51A,  51B,  51C  and  51D.     Cement  Concrete  Pavement 

The  general  specifications  are  hereby  modified  in  that 

Page  1 14-115.  Forms  shall  be  rounded  on  the  top  face  to  not  more 
J£  of  an  inch  radius. 

Page  118.  Where  screeding  is  dispensed  with,  the  reinforcement 
be  supported  on  approved  metal  supports. 

Page  118.  _  Channel  for  protecting  joints  shall  be  constructed  of  r 
2-8  inch  in  thickness. 

Page  121.      Straw  will  not  be  permitted  for  cover. 

Page  121.     Sprinkling  shall  be  done  with  an  approved  nozzle. 

Page  121.  When  the  pipe  line  necessary  for  concreting  and  curing  o 
tions  is  two  miles  or  less  in  length,  a  pipe  at  least  2%  inches  in  diai 
shall  be  used.  When  the  pipe  line  is  more  than  two  miles  in  length 
additional  pipe  shall  be  at  least  three  inches  in  diameter  and  shall  be  p 
adjacent  to  the  source  of  water  supply. 

Page  121,  Paragraph  C.  The  combined  weight  of  vehicle  and  load 
not  exceed  10  tons.  The  total  weight  of  any  combined  hauling  t 
semi- trailer  and  load  shall  not  exceed  14M  tons.  The  load  on  any  one  t 
wheel  shall  not  exceed  2Y2  tons.  All  such  vehicles  and  trailers  shall  be 
equipped  with  approved  pneumatic  or  cushion  tires.  Solid  rubber  tire 
not  be  permitted.  Only  cushion  tires  having  a  hollow  section  or  aii 
running  throughout  their  entire  length  will  be  considered. 

Work. — Under  this  item  the  contractor  shall  construct  a  concrete  pavt 
upon  a  properly  prepared  fine  grade  conforming  to  the  lines,  grades,  and 
cal  sections  shown  on  the  plans  or  ordered  by  the  engineer. 

Material. — The  concrete  pavement  shall  consist  of  a  mixture  of  Poi 
cement,  fine  and  coarse  aggregate,  measured  separately  (however,  scr 
gravel  or  broken  slag  cannot  be  used  as  coarse  aggregate  unless  it  is  so 
on  the  plans  or  in  the  itemized  proposal). 

All  material  used  under  this  item,  such  as  Portland  cement,  fine  and  < 
aggregate,  water,  joint  fillers,  etc.,  shall  meet  the  requirements  given 
Detail  Specifications — Materials  of  Construction. 

Forms. — The  forms  for  this  work  shall  be  made  of  metal  of  a  min 
length  for  io'  for  tangents  and  for  curves  of  a  radius  of  150'  and  moi 
curves  of  radius  less  than  150'  wooden  side  forms  of  2"  well-seasoned  si 
planks  or  steel  side  forms  5'  in  length  shall  be  used.  These  forms  sh 
of  a  depth  equal  to  the  depth  of  the  concrete  and  steel  forms  shall  h 
minimum  width  of  4"  on  the  base.  The  material  used  in  manufact 
metal  side  forms  shall  be  at  least  No.  10  gage  and  a  6"  side  form  shall 
at  least  6^  lb.  per  linear  foot,  including  the  fastening. 

All  forms  shall  be  of  approved  section  with  a  vertical  face  round 
the  upper  corner  to  not  more  than  %"  radius.  Forms  shall  have  a 
connection  to  insure  unbroken  lines  across  the  joint. 

All  forms  must  be  straight,  free  from  bends  and  warps  at  all  times | 
shall  be  cleaned  thoroughly  and  oiled  before  concrete  is  placed  against 
this  cleaning  and  oiling  being  repeated  dally  as  the  forms  are  moved  a 
The  forms  shall  rest  firmly  upon  the  thoroughly  compacted  subgrade  thr 
out  their  entire  length,  shall  be  joined  neatly  and  tightly  and  staked  se< 
to  line  and  grade  at  least  300'  in  advance  of  the  point  of  placing  concn 
using  at  least  three  bracing  pins  or  stakes  to  each  10'  length  of  side  foi 
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t  they  will  resist  the  pressure  of  the  concrete  and  the  impact  of  the  tamper 
hout  springing. 

handling  Material. — At  no  times  shall  aggregates  be  piled  upon  the  sub- 
de  except  that  stock  piles  may  be  located  at  central  point  on  planks  or 
et  plates  on  the  subgrade  not  less  than  1200'  apart.  At  all  times  at 
st  500'  of  subgrade  in  advance  of  the  mixer  shall  be  prepared  and  kept 
from  all  aggregates.  When  stock  piles  are  located  at  loading  plants  or  at 
er  distributing  points,  the  materials  shall  be  piled  on  space  that  has  been 
perly  prepared  and  the  piles  shall  be  of  such  shape  and  size  that  materials 
y  be  stored  and  handled  without  becoming  dirty  or  mixed  with  foreign 
tances.  Cement  shall  be  emptied  directly  from  the  shipping  package  into 
charging  skip  of  the  mixer,  or  it  may  be  transported  to  the  mixer,  emptied 
m  bags  if  covered  by  the  sand  or  stone  required  for  each  separate  batch, 
vided  the  aggregates  are  sufficiently  dry  to  prevent  any  setting  action  of 
cement  during  transportation  to  the  mixer,  and  provided  further  that  the 
ck  body  used  to  transport  the  batches  is  equipped  with  a  waterproof 
paulin  for  protection  from  sudden  rain. 

/[easuring  Devices. — Wheelbarrows  will  not  be  permitted  for  measuring 

regates,  when  the  aggregates  are  transported  by  industrial  railway  or 

vered  to  the  mixer  in  trucks,  wagon,  or  carts,  they  shall  be  contained  in 

ch  boxes  of  the  volumes  required  by  the  engineer.      Subdivided  batch 

es    shall  be  approved  by  the  engineer  before  they  may  be  used.  _   All 

terials  measured  in  batch  boxes,  cars,  trucks,  carts,  or  other  containers 

to  be  struck  off  at  the  point  of  loading.     If  batch  boxes  are  used,  which 

not  subdivided  to  give  the  exact  volumes  of  each  of  the  aggregates,  the 

"terials  shall  be  measured,  separately  and  accurately,  by  approved  means 

I  jre  being  placed  in  these  batch  boxes.     Forks  shall  be  used  when  handling 

■jrse  aggregates  from  the  ground.     The  mixer  shall  be  equipped  with  a 

Bing  device  which  will  automatically  lock  the  discharge  lever  during  the 

I  time  of  mixing  and  release  it  at  the  end  of  the  mixing  period.      During 

t  progress  of  the  work,  should  the  timing  device  become  broken,  or  out 

■order,  the  contractor  will  be  permitted  to  operate  while  same  is  being 

t pared,  provided  each  batch  is  mixed  iJ-3  min.  and  provided  repairs  are 
de  promptly.  The  mixer  shall  be  equipped  with  an  accurate  automatic 
■:er- measuring  device.  No  mixing  will  be  permitted  when  valves  are 
■king  or  otherwise  out  of  order.  When  bulk  cement  is  used,  the  cement 
1st  be  proportioned  by  weight.  No  volumetric  proportioning  of  cement 
It  be  permitted. 

■Composition. — Under  Item  51A  the  concrete  shall  be  composed  of  1  part 
■Portland  cement,  2  parts  of  fine,  and  4  parts  of  coarse  aggregate  measured 
Barately. 

Binder  Item  51B  the  concrete  shall  be  composed  of  1  part  of  Portland 
Kient,  2  parts  of  fine,  and  3}-^  parts  of  coarse  aggregate  measured  separately. 
■Jnder  Item  51C  the  concrete  shall  be  composed  of  1  part  of  Portland 
■lent,  1}$  parts  of  fine,  and  3  parts  of  coarse  aggregate  measured 
Barately. 

■The  proportions  of  coarse  aggregate,  only,  may  be  varied  by  the  engineer, 
4.  the  total  amount  of  coarse  aggregate  shall  not  be  varied  by  more  than 

Jo  from  the  amount  indicated. 
1  Consistency. — When  the  pavement  is  finished  by  hand,  sufficient  water 

s  11  be  used  in  mixing  to  produce  a  concrete  which  will  quake  when  deposited 
■place,  but  not  enough  to  cause  it  to  flow. 

feVhen  the  pavement  is  machine  finished  only  sufficient  water  shall  be 
Bd  so  that  when  the  concrete  is  dumped  on  the  subgrade  it  will  cone  up 
111  quake.     The  quantity  of  the  water  shall  be  determined  by  the  engineer 
Bl  shall  not  be  varied  without  his  consent. 
■Vlixing  Conditions. — No  concrete  shall  be  mixed  while  the  air  temperature 

i  it  or  lower  than  40 °F.  and  no  materials  containing  frost  shall  be  used, 
■ment  or  fine  aggregates  containing  lumps  or  crusts  of  hardened  materials 

■  11  not  be  used.     The  concrete  shall  be  mixed  only  in  such  quantity  as  is 

■  uired  for  immediate  use,  and  any  which  has  developed  initial  set  or  has 
Bm  mixed  longer  than  45  min.  shall  not  be  used.  No  concrete  is  to  be 
Heed  on  a  frozen  subrrade. 

■  ■'Mixing  Concrete. — All  equipment  necessary  for  the  laying  of  pavement 

■  st  be  on  hand  and  must  be  inspected  and  approved  before  concreting 
■:rations  are  begun  by  the  contractor.  Concrete  shall  be  mixed  thoroughly 
■a  batch  mixer  of  an  approved  type  and  capacity  for  a  period  of  not  less 
ft.n  1  min.  after  all  material  is  in  the  drum,  and  during  this  period  the 

im  shall  make  not  less  than  12  nor  more  than  18  r.p.m. 
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The  entire  contents  shall  be  removed  from  the  drum  before  materials 
placed  therein  for  the  succeeding  batch.  The  mixer  shall  be  equipped  \ 
an  approved  boom  and  bucket  discharging  device. 

Placing  Concrete. — Before  any  concrete  may  be  placed,  each  sectioi 
the  subgrade  must  be  checked  with  a  standard  "subgrade  tester" 
approved,  this  operation  being  continued  as  the  work  progresses,  a  stanc 
"subgrade  tester"  being  kept  in  place  on  the  forms  at  the  discharge  en 
the  mixer  at  all  times.  Loose,  dry  material  shall  be  thoroughly  tarr 
into  the  subgrade  and  all  soft  or  objectionable  material  be  removed  from 
subgrade  before  any  concrete  is  placed.  Concrete  shall  be  placed  only  ■ 
moist  subgrade.  If  the  subgrade  is  dry  it  shall  be  sprinkled  with  as  n 
water  as  will  be  absorbed  readily.  Where  the  pavement  is  to  be  laid  adja 
to  railway  tracks  or  around  structures,  concrete  shall  not  be  placed  until 
tracks  and  structures  have  been  set  to  the  required  grade  and  alignmer 
advance,  and  all  structures  which  project  through  the  pavement  shai 
cleaned  thoroughly  to  permit  adhesion  of  the  concrete. 

During  placing  of  the  concrete  pavement,  a  roller,  weighing  not  less  1 
5  tons,  shall  be  maintained  in  readiness  to  reroll  the  fine  grade  if  the  sui 
for  any  reason  has  become  uneven  or  defective. 

The  concrete  shall  be  laid  en  not  more  than  one-half  of  the  width  of  p 
ment  at  one  time.  An  interval  of  at  least  7  days  shall  elapse  between  pla 
parallel  adjacent  slabs  of  pavement.  All  edges  shall  be  protected  by  pi; 
ing  or  other  approved  method  where  traffic  is  permitted  prior  to  comple 
of  the  full  pavement  width. 

The  concrete  shall  be  deposited  on  the  subgrade  in  successive  bate 
directly  from  the  mixer,  by  means  of  an  approved  boom  and  bucket  discfc 
ing  device.  Concrete  shall  be  distributed  to  the  required  depth  and  foi 
entire  width  of  the  slab  by  shoveling  or  any  approved  method  which 
preserve  the  integrity  of  the  mixture.  However,  in  no  case  shall  rakt 
used  for  distributing  concrete.  Concrete  shall  be  thoroughly  spaded  a 
all  joints  and  on  the  inside  of  forms. 

Where  the  pavement  is  reinforced,  the  reinforcement  shall  be  sect 
held  in  place  to  insure  its  being  in  the  prescribed  position  after  the  com 
has  been  poured.  The  concrete  shall  be  struck  off  by  means  of  a  temp 
to  the  required  depth  below  the  surface  of  the  finished  pavement  befon 
reinforcement  is  placed,  except  that  screeding  may  be  dispensed 
provided  the  reinforcement  is  held  in  its  prescribed  position  by  any  c 
method  acceptable  to  the  Deputy  Commissioner. 

Forming  Joints. — Joints  shall  be  formed  where  shown  on  plans  c 
directed  by  the  engineer.  They  shall  be  perpendicular  to  the  surface  of 
pavement  for  the  full  depth  of  the  section  and  extend  in  a  straight  line. 

Expansion  joints  may  be  of  either  the  permolded  or  poured  type,  me< 
requirements  of  the  Detail  Specifications — Materials  of  Construction. 

Pins  for  staking  joints  and  bulkheads  shall  be  J4"  steel  12"  long  and 
be  left  in  place  in  the  pavement. 

Bulkheads  shall  conform  to  the  section  of  the  pavement,  shall  be 
steel,  shall  be  cleaned  each  time  used,  and  shall  be  straight  and  smooth. 

Premolded  transverse  joints  shall  be  \*l"  in  thickness  and  shall  extend 
above  the  surface  of  the  pavement. 

Premolded  longitudinal  joints  shall  be  flush  with  the  true  surface  ol 
pavement  and  shall  be  the  thickness  shown  on  the  plans. 

Transverse  expansion  joints  shall  be  \<i"  in  thickness,  normal  to  the  ce 
line  of  pavement,  and  in  a  straight  line  across  the  full  width  of  the  paven 
These  joints  shall  be  spaced  40'  apart,  unless  otherwise  shown  on  the  p". 
and  shall  also  be  formed  whenever  it  is  necessary  to  stop  concreting, 
due  to  any  emergency,  concreting  must  be  stopped  within  io'  after  fori 
a  transverse  joint,  the  contractor  shall  remove  the  concrete  to  the  ; 
previously  formed  and  no  payment  will  be  made  for  placing  or  removin 

The  concrete  along  all  joints  shall  be  carefully  compacted  and  finishe 
a  true  surface,  a  split  float  being  used  for  transverse  joints.  All  joints  1 
be  tested  with  a  10'  straight-edge  or  template  immediately  after  forming 
any  variation  from  the  true  surface  shall  be  immediately  corrected.  J< 
shall  be  open  on  the  edges  for  their  entire  depth  upon  the  removal  of 
forms. 

Where  the  pavement  is  constructed  continuously  across  a  bridge  or  cul 
whose  floor  is  below  grade,  transverse  joints  shall  be  formed  at  such  dist 
from  the  abutment  as  to  insure  a  bearing  at  the  ends  of  the  slab  of  not 
than  five  feet  beyond  the  limits  of  the  backfill  area. 
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Vhere  the  pavement  joins  a  bridge  or  culvert,  whose  floor  is  at  grade, 
isverse  joints  shall  be  formed  at  the  back  of  each  abutment  and  also  at 

I  distance  from  the  abutment  as  to  give  a  bearing  at  the  end  of  the  slab 
ot  less  than  five  feet  beyond  the  limit  of  the  backfill  area. 

remolded  transverse  joints  shall  be  formed  by  staking  a  bulkhead 
jrely  in  place  by  means  of  a  row  of  pins  driven  on  each  side,  2'  apart  and 
below  the  surface  of  the  pavement  alongside  of  which  the  premolded 
it  shall  be  placed  and  securely  staked  by  one  row  of  pins  driven  2'  apart 
2"  below  the  surface  of  the  pavement.  When  the  concrete  has  been 
:ed  on  both  sides  of  the  bulkhead  and  struck  off  true  to  the  surface,  the 
khead  shall  be  carefully  removed. 

oured  joints  shall  be  formed  by  staking  a  temporary  joint,  of  a  type 
roved  by  the  Deputy  Commissioner,  securely  in  place  by  means  of  a  row 
ins  driven  on  each  side  2'  apart  and  2"  below  the  surface  of  the  pavement. 
;se  temporary  joints  shall  be  left  in  place  until  ready  to  pour  the  joint. 
'inishing  Concrete. — Competent  concrete  finishers  shall  be  employed  at 
times.  The  surface  of  the  concrete  shall  be  struck  off  by  means  of  two 
;eds  (i.e.,  a  steel  template  or  steel-shod  wooden  template)  at  least  6" 
vidth  weighing  no  less  than  15  lb.  per  linear  foot.  The  templates  shall 
at  least  2'  longer  than  the  width  of  the  pavement  slab,  shall  be  shaped 
;he  surface  of  the  pavement  and  have  sufficient  strength  to  retain  their 
pe  under  all  working  conditions.  The  first  screed  shall  be  used  as  a 
ibination  tamp  and  screed,  sufficient  tamping  to  be  done  to  thoroughly 
lpact  the  entire  mass  of  the  concrete  and  the  screed  carried  back  and 
ved  forward  with  a  longitudinal  and  crosswise  movement.  The  screed 
LI  not  be  lifted  from  the  form  during  the  screeding  process.      Concrete 

II  pile  up  in  front  of  each  screed,  during  the  screeding  process,  for  its 
length  at  all  times. 

"he  second  screeding  shall  follow  in  close  succession  to  the  first,  care  being 
en  to  keep  the  screed  bearing  directly  on  the  side  forms  at  all  times  and  to 
ire  a  smooth  and  even  surface. 

vfter  the  screeding  has  been  completed  the  concrete  shall  be  finished  by 
lg  a  belt  of  wood  or  canvas  not  less  than  10  nor  more  than  12"  in  width. 
»se  belts  shall  not  be  less  than  2'  longer  than  the  width  of  the  pavement, 
belts  shall  be  worked  with  a  longitudinal  and  crosswise  motion,  care 
lg  taken  not  to  permit  the  edges  to  dig  in  the  surface  of  the  concrete  or  to 
■k  the  crown  out  of  the  pavement. 

Selting  shall  be  repeated  until  all  surplus  water  is  removed  from  the 
ace. 

Vhen  an  approved  finishing  machine  is  used,  an  experienced  operator, 
sfactory  to  the  engineer,  must,  at  all  times,  be  in  charge  of  the  machine 

I  a  complete  hand-finishing  outfit  must  be  provided  in  case  of  breakdown. 
Jecessary  hand  finishing  of  joints  and  surface  irregularities  shall  be  done, 
h  a  wooden  float,  from  a  bridge  which  shall  not  rest  on  the  concrete  at 

point.     All  ends  and  edges  of  the  concrete  slab  shall  be  rounded  with  an 
>roved  edging  tool,  to  a  radius  of  approximately  J4". 

?he  surface  of  the  pavement  shall  be  tested,  immediately  after  finishing, 
h  the  standard  10'  straight-edge  laid  parallel  with  the  center  line  of  the 
ement  and  any  irregularity  exceeding  3^"  shall  be  immediately  corrected 
he  satisfaction  of  the  engineer. 

^fter  the  pavement  has  been  completed  the  surface  shall  be  given  a 
om  finish,  the  broom  being  drawn  across  the  surface  in  not  more  than 

stroke  per  width  of  broom. 

remolded  transverse  joints  shall  be  trimmed,  with  an  approved  tool, 
ore  cover  coat  is  applied  and  any  irregularity  in  the  adjacent  pavement 

II  be  immediately  corrected  in  a  manner  satisfactory  to  the  engineer. 
'orms  shall  not  be  removed  until  the  day  after  the  concrete  is  placed. 
!>rotection  of   Concrete. — Vehicular  traffic  shall  be  excluded  from  the 

crete  by  the  erection  and  maintenance  of  substantial  barricades,  for  a 

iod  of  at  least  2 1  days  after  laying,  or  longer  if  so  desired. 

Vhen   ordered  by  the   engineer,   temporary  crossovers,   consisting   of   a 

layer  of  suitable  soil  free  from  stone  and  a  3"  plank  roadway  16'  wide 

irely  held  in  place,  shall  be  constructed  at  all  street  and  road  intersections 

iccommodate  traffic.     The  concrete  shall  be  protected  as  follows: 

.   During  threatening  weather  the  concrete  shall  be  protected  with  canvas 

;oon  as  it  is  finished.     Sufficient  canvas  to  cover  200  lin.  ft.  of  pavement, 

)  shall  be  provided  and  available  for  immediate  use. 

.  The  concrete  shall  be  protected  with  two  layers  of  burlap  laid  directly 

the  pavement  as  soon  as  it  has  hardened  sufficiently  so  that  the  burlap 
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will  not  adhere.  The  strips  shall  overlap  not  less  than  6"  and  burlap  t 
be  thoroughly  wet  when  placed,  and  kept  wet  by  spraying  until  covering 
be  placed.  Sufficient  burlap  to  cover  at  least  the  pavement  laid  in  a  si 
day  must  be  provided.     The  burlap  shall  be  kept  wet  until  removed. 

Immediately  after  the  burlap  is  removed  the  entire  surface  of  the  paver 
including  edges  and  sides,  shall  be  wetted  thoroughly  and  covered  with 
straw,  or  other  approved  material  of  a  like  nature  to  a  depth  of  not  less  1 
6",  which  covering  shall  be  kept  wet  by  sprinkling  with  water  for  at: 
io  days.  The  covering  material  shall  remain  on  the  pavement  for  a  pe 
of  1 8  days  or,  under  favorable  conditions,  for  a  shorter  period  as  dire 
by  the  engineer,  after  which  the  covering  shall  be  removed,  the  paver 
swept  clean,  and  the  concrete  allowed  to  cure  for  3  days  more  before 
roadway  may  be  opened  to  traffic. 

The  ponding  method  may  be  used,  in  which  case  the  contractor  must ! 
the  surface  flooded  by  at  least  2"  of  water  for  a  period  of  10  days. 

c.  The  general  specifications,  par.  C,  are  hereby  modified  in  that 
combined  weight  of  vehicle  and  load  shall  not  be  more  than  10  tons 
that  the  total  weight  of  any  combined  hauling  truck,  semitrailer,  and 
shall  not  exceed  14M  tons  and  the  load  on  any  one  trailer  wheel  shall 
exceed  2}-£  tons. 

All  such  vehicles  and  trailers  shall  be  fully  equipped  with  approved  p 
matic  or  cushion  tires.  Solid  rubber  tires  will  not  be  permitted.  ( 
cushion  tires  having  a  hollow  section  or  air  core  running  throughout  1 
entire  length  will  be  considered. 

d.  During  cold  weather,  concrete  shall  be  protected  with  a  canvas  cc 
supported  above  the  surface  of  the  pavement  on  approved  frames,  so 
the  canvas  will  not  rest  upon  the  surface  of  the  concrete.  When  the  cone 
has  hardened  sufficiently,  the  canvas  cover  and  frame  shall  be  removed 
the  surface  of  the  pavement  shall  be  covered  with  straw  or  other  appn 
material  to  a  depth  of  not  less  than  6".  It  shall  remain  in  place  not 
than  3  days,  after  which  it  may  be  removed  and  other  cover  material  app 

In  cold  weather  or  when  required  or  approved,  other  methods  of  ct 
and  protection  may  be  used.  Any  concrete  laid  during  cold  weath< 
done  at  the  contractor's  risk  and  damaged  sections  of  concrete  mus 
removed  and  replaced  by  him  at  his  own  expense. 

Sealing  Joints  and  Maintenance  of  Cracks. — All  expansion  and  consl 
tion  joints  and  all  cracks  shall  be  sealed  before  the  pavement  is  open  to  ti 
and  just  prior  to  discontinuing  operation  when  the  work  is  suspei 
during  the  winter  and  just  previous  to  acceptance.  The  joints  and  cr 
shall  be  cleaned  thoroughly,  and,  when  they  are  dry,  hot,  bituminous  mat 
shall  be  poured  into  them,  care  being  exercised  to  prevent  the  biturni: 
material  from  spreading  over  the  surface  of  the  pavement  for  a  widt 
more  than  1"  on  either  side  of  the  joint.  The  bituminous  material  ! 
then  be  covered  with  coarse,  dry  sand.  This  bituminous  material  shall  1 
the  requirements  of  the  specifications  for  Bituminous  Material,  A,  pen* 
tion  method. 

Measurement  and  Payment. — The  quantity  to  be  paid  for  under 
item  shall  be  computed  by  multiplying  the  cross-section  of  concrete  p 
ment,  as  shown  on  the  plans  or  ordered  by  the  engineer,  by  the  total  lei 
of  pavement  measured  along  the  axis  of  the  pavement,  making  no  deduct 
for  catch  basins  and  manholes. 

The  Bureau  may  take  cores  from  the  finished  concrete  pavement  prev 
to  acceptance  in  order  to  determine  its  quality  and  thickness. 

This  work  will  be  paid  for  at  the  contract  unit  price  per  cubic  yard 
cement-concrete  pavement  under  which  the  contractor  shall  furnish 
place  all  materials  (except  Portland  cement  and  metal  reinforcement)  ne 
sary  to  complete  the  concrete  pavement.  The  price  bid  shall  cover 
mixing,  placing,  screeding,  finishing,  and  curing  of  the  concrete,  furnis. 
and  placing  of  forms,  expansion  joints,  crossovers,  material  for  filling  era 
etc.,  and  all  other  labor,  material,  and  appliances  necessary  to  secir 
perfect  concrete  pavement. 

NEW  YORK  STATE  SPECIFICATIONS 

Item  60 — Asphalt  Block  Pavement. — Approved  Trap  Rock 
Item  60A — Asphalt  Block  Pavement. — Approved  Limestone 

60.1.  Work. — Under  this  item  the  Contractor  shall  furnish  and  p 
upon  a  properly  prepared  foundation  asphalt  block  of  the  quality  speci 
where  shown  upon  the  plans  or  ordered  by  the  Engineer.     This  paven 
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be  placed  upon  the  old  macadam,  old  concrete  pavement,  new  concrete 
lation  or  on  other  foundations  as  ordered  by  the  Engineer  and  shown 
the  plans. 

2.  Material. — The  blocks  shall  be  5"  in  width,  by  12"  in  length,  by  2" 
pth,  and  a  variation  of  more  than  J£"  hi  length  or  H"  in  width  or  depth 
these  dimensions  will  be  sufficient  ground  for  rejecting  any  block. 
3  The  blocks  shall  consist  of  the  following  materials: 
Asphaltic  cement. 

Approved  crushed  trap  rock  [item  60],  or  approved  crushed  limestone 
60  A]. 

Inorganic  dust. 
e  asphaltic  cement  shall  have  the  following  characteristics: 
It  shall  be  free  from  water. 

The  various  hydrocarbons  composing  it  shall  be  present  in  a  homoge- 
5  solution. 

It  shall  have  a  specific  gravity  at  77°F.  of  not  less  than  0.99. 
It  shall  have  a  penetration  (77°P.,  100  g.,  5  sec.)  of  not  less  than  15  nor 
than  25. 

It  shall  have  an  evaporation  loss  of  less  than  2  per  cent.  The  penetra- 
;77°F.,  100  g.,  5  sec.)  of  this  residue  shall  be  at  least  50  %  of  the  original 
;ration. 

Its  solubility  at  air  temperature  in  carbon  disulphide,  for  the  following 
d  products,  shall  be  at  least  99.5%  for  pure  bitumen  products,  95.0  % 
ermudez  products,  81.0%  for  Cuban  products  and  66.0%  for  Trinidad 
icts. 

The  solubility  of  the  bitumen,  at  air  temperature,  in  76°B.  paraffin 
leum  naphtha  distilling  between  I40°P.  and  i90°F.  shall  be  between  65 
>o  %. 
The  bitumen,  shall  show  between  8  and  18  %  fixed  carbon. 
It  shall  show  an  open  flash  not  less  than  375°F. 
It  shall  not  contain  more  than  4.7%  paraffin  scale. 
It  shall  show  a  toughness  at  32°F.  not  less  than  10  cm.      Toughness  is 
..lined  by  breaking  a  cylinder  of  the  material  1%"  in  diameter  by  i%" 
light  in  a  Page  impact  machine  (A.  S.  T.  M.,  1908).  _  The  first  drop  of 
Hammer  being  from  a  height  of  5  cm.  and  each  succeeding  blow  increased 
■cm. 

I  It  shall  have  a  ductility  at  77°F.,  of  not  less  than  8  cm.  (Dow  mold). 
I  All  asphaltic  cement  will  be  sampled  by  an  Engineer  of  the  Depart- 
I  of  Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany,  N.  Y. 
He  crushed  rock  for  coarse  aggregate  used  in  the  blocks  shall  be  crushed 

■  clean  hard  rock  and  shall  not  contain  any  soft  ingredients.     It  must  be 

■  ed  so  that  every  particle  will  pass  a  screen  of  J^-in.  mesh.  _ 

le  inorganic  dust,  or  filler,  shall  be  produced  from  sound  limestone,  and 
Hbe  powdered  to  such  a  fineness  that  all  of  it  shall  pass  a  30-mesh  sieve 
lot  less  than  50  %  of  it  shall  pass  a  200-mesh  sieve.  _  Sufficient  inorganic 
■shall  be  used  to  give  a  minimum  percentage  of  voids  in  the  block,  and 
rede  a  sufficient  medium  for  absorbing  the  asphalt  cement.  _ 
■4.  Block  Composition. — The  block  composition  shall  yield  not  less 
1 8,  nor  more  than  11%  of  bitumen,  when  extracted  with  carbon  disul- 

r  e  mineral  aggregate  of  the  blocks  shall  meet  the  following  mesh  analyses: 

■ng  No.  200  sieve  at  least,  % 18.0 

ling  No.  80  sieve,  retained  on  No.  200  sieve,  % 12  to  18 

Hng  No.  40  sieve,  retained  on  No.  80  sieve,  % 8  to  14 

Hng  No.  20  sieve,  retained  on  No.  40  sieve,  % 8  to  16 

Hng  No.  10  sieve,  retained  on  No.  20  sieve,  % 15  to  20 

Ift'ng  yi-va..  sieve,  % 100 

He  use  of  dust  coated  screenings  will  be  cause  for  rejection.     The  blocks 

■  receive  a  compression  in  the  moulds  of  not  less  than  200  tons. 

it' e  blocks  shall  have  a  specific  gravity  of  not  less  than  2.4s  for  trap  blocks, 

m.  60];  or  not  less  than  2.30  for  approved  limestone  blocks,  [Item  60A]. 

J-;er  having  been  dried  for  24  hours  at  a  temperature  of  I50°P.,  the  blocks 

lunot  absorb  more  than  0.75  %  of  moisture  when  immersed  in  water  for  7 

a; 

»#'e  average  penetration  of  a  block  shall  not  exceed  kj'f  when  tested  for  1 

Hat  a  temperature  of  ioo°F.  with  a  cyliner  Yx"  in  diameter  loaded  with 
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60.5.  Method. — Upon  the  foundation  shall  be  spread  a  bed  of  the 
ness  shown  upon  the  plans,  composed  of  1  part  portland  cement  and  4 
sand,  thoroughly  mixed  with  sufficient  water  to  make  a  stiff  paste. 

This  mortar  bed  shall  be  struck  with  a  template  to  a  true  surface,  e: 
parallel    to    the    top  of  the  proposed  pavement  surface  and  2"  bel< 

The  blocks  shall  be  laid  while  the  mortar  is  fresh  and  before  it  has  be* 
harden.  All  depressions  and  other  irregularities  in  the  surface  shi 
corrected  by  the  Contractor  immediately. 

The  blocks  shall  be  laid  by  the  pavers  standing  upon  the  blocks  al 
laid  and  not  upon  the  bed  of  mortar. 

The  blocks  shall  be  laid  at  right  angles  with  the  line  of  the  street,  1 
such  a  manner  that  all  longitudinal  joints  shall  be  broken  by  a  lap  of  ap 
mately  four  inches.  The  blocks  shall  be  so  laid  as  to  make  the  lateral 
as  tight  as  possible,  consistent  with  keeping  a  good  alignment  of  the  c 
across  the  street.  When  thus  laid  the  blocks  shall  be  immediately  cc 
with  clean,  fine  sand,  perfectly  dry,  and  screened  through  a  ihj-in.  s 
This  sand  shall  be  spread  over  the  surface  and  swept  into  the  joints  a 
allowed  to  remain  on  the  pavement  not  less  than  30  days,  or  until  the 
of  the  traffic  on  the  street  shall  have  thoroughly  ground  the  sand  ii 
the  joints. 

On  grades,  curves  or  elsewhere  as  shown  on  the  plans  or  as  ordered  ' 
Engineer,  blocks  containing  an  imbedded  anchor  of  iron  or  steel  of  anapi 
shape  shall  be  furnished.  Steel  strips,  i^*}"  wide,  ^3"  thick  and  froi 
4  '  long  may  be  set  on  edge  between  courses  as  a  substitute  for  anchor  I 
These  anchor  blocks  or  steel  strips  are  to  be  laid  in  such  courses  and  a 
intervals  as  shown  on  plans  or  as  directed  by  the  Engineer.  Payrm 
imbedded  metal  in  anchor  blocks  or  for  steel  strips  will  be  made  unc 
item  "Miscellaneous  Iron  and  Steel." 

60.6.  The  materials  incorporated  into  blocks  shall  be  approved  1 
Engineer,  and  samples  of  all  materials  shall  be  sent  to  the  Bureau  of 
and  they  shall  pass  the  tests  required  by  this  Bureau  for  these  ma1 

60.7.  The  methods  of  work  and  materials  used  shall  at  all  times  be  s 
to  the  inspection  and  supervision  of  the  Engineer  or  his  representativi 
the  work. 

60.8.  Measurement  and  Payment. — The  quantity  to  be  paid  for  unc 
item  shall  be  the  number  of  square  yards  of  asphalt  block  laid  in  acco 
with  the  plans  or  as  directed  by  the  Engineer.  The  price  bid  shall  co-1 
furnishing  and  placing  of  all  materials,  (except  Portland  Cement), 
bed,  and  all  labor  and  incidental  expenses  necessary  to  complete  the 
Where  placed  upon  old  concrete  foundation  or  upon  old  macadam  th< 
aration  of  the  foundation  to  receive  the  mortar  bed  will  be  paid  for 
item  "Cleaning  Existing  Pavement"  or  item  "Scarifying  and  R: 
ing  Old  Macadam." 

47.14.  Measurement  and  Payment. — The  quantity  to  be  paid  for 
this  item  shall  be  the  number  of  cubic  yards  of  concrete  foundatic 
edging  for  pavement  incorporated  in  the  work  in  accordance  wi' 
plans  or  as  directed  by  the  Engineer. 

The  price  bid  shall  cover  the  furnishing  and  placing  of  all  forn 
materials,  (except  Portland  cement)  all  mixing,  tamping,  finishing  i 
labor,  appliances,  and  incidental  expenses  necessary  to  complete  the 
The  amount  to  be  estimated  shall  be  computed  by  multiplying  the 
section  of  concrete  foundation  and  edging  as  shown  upon  the  plans  or  c 
by  the  Engineer  by  the  total  length  of  concrete  foundation  and  edging 
ured  along  the  axis  of  the  pavement,  making  no  deductions  for  catch 
and  manholes. 

Item  61 — Brick  Pavement. — Type  i 
Item  61A — Brick  Pavement. — Type  2 

61. 1.  Work. — Under  this  item  the  Contractor  shall  furnish  and 
the  number  of  square  yards  of  brick  pavement  required  in  accordanc 
the  plans  or  as  ordered  by  the  Engineer.  The  item  will  cover  the  fun 
and  placing  of  all  the  brick,  cushion,  grout,  expansion  joints  and  all  m; 
labor  and  other  expenses  incidental  thereto  but  will  not  cover  the  c< 
foundation,  edging,  curbing,  manholes,  catch  basins,  etc.,  which  will  \ 
for  under  the  especially  designated  items  therefor. 

61.2.  Material. — All  bricks  or  blocks  used  must  be  annealed  and  esr. 
burned  for  street  paving  and  of  the  very  best  quality  as  regards  ha: 
dimensions,  toughness,  straight  lines  and  non-absorption  of  water. 
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11  brick  must  be  neatly  piled  outside  of  the  neat  lines  of  pavement  and  the 
lping  of  brick  will  not  be  allowed. 

.3.  The  paving  bricks  shall  be  subjected  to  abrasion  tests  conducted  by 
Commission  in  the  manner  and  with  rattlers  of  the  type  adopted  Febru- 
7,  191 1,  by  the  National  Paving  Brick  Manufacturers  Assocation.  One 
pie  of  bricks  shall  be  taken  and  tested  for  every  two  hundred  thousand 
1,000)  bricks  and  less  than  this  when  conditions  warrant.  An  average 
in  weight  in  a  rattler  test  exceeding  twenty-four  (24)  per  centum,  or  an 
age  absorption  of  three  and  one-half  (3^)  per  centum  of  water  shall  cause 
•ejection  of  the  total  quantity  that  the  test  represents,  provided,  however, 

if  permitted  the  bricks  may  be  carefully  reculled,  and  new  samples 
:n  and  tested.  If  this  second  test  passes  the  requirements,  the  bricks 
esented  by  it  may  be  used.     If  this  second  test  fails,  no  further  test 

I  be  permitted  but  the  entire  lot  shall  be  rejected.     To  insure  the  furn- 
g   of  bricks  of  uniformly  acceptable  quality,  if  any  "brand"  of  brick  of 

;h  three  lots,  each  of  ten  thousand  (10,000)  bricks  or  more,  offered  con- 
tively  for  acceptance  tests,  fail  to  meet  the  requirements  for  this  section 
tout  reculling  them,  then  this  brand  shall  be  rejected. 

II  the  above  tests  will  be  made  by  the  Bureau  of  Tests  of  the  State  Com- 
mon of  Highways. 

[.4.  On  grades  of  5  per  cent  or  over  an  approved  special  form  of  block 
ible  for  steep  grades  shall  be  used. 

5.  The  size  of  the  brick  shall  be  3M"  in  width  by  4"  in  depth  by  d>%" 
ngth,  unless  otherwise  shown  on  plans,  and  shall  not  vary  from  the 

snsions  specified  more  than  J^"  in  width  or  more  than  J-s"  in  depth  nor 
e  than  3^"  in  length.  Bricks  of  a  given  brand  shall  not  vary  among 
iselves  more  than  %"  in  depth  nor  more  than  J-jj"  in  width  nor  more  than 
in  length  in  any  one  shipment.  If  the  edges  are  rounded  the  radius 
not  be  greater  than  M  6  of  an  inch.  One  side  shall  contain  lugs  of  such 
jnsions  that  transverse  joints  will  not  be  less  than  M  &  of  an  inch  nor  more 
1  y±"  in  width.  Each  end  shall  contain  a  semi-circular  groove  of  H-  to 
radius,  or  a  bulge  of  at  least  K<;".  The  grooves  shall  be  horizontal, 
shall  match  perfectly  when  the  bricks  are  laid  in  the  finished  pavement. 
ks  in  any  course  shall  not  vary  in  width  by  more  than  ^s". 

6.  Not  less  than  10  days  after  the  concrete  foundation  has  been  corn- 
ed, there  shall  be  laid  a  bed  of  clean  Cushion  Sand  as  described  under 
iterials  of  Construction,"  which  shall  be  1"  thick  after  being  rolled  with 
ller  weighing  150  lb.  per  foot  of  width.  _   Before  being  rolled  this  bed  of 

shall  be  brought  to  the  proper  elevation  and  crown  as  shown  on  the 
s  by  a  template  of  a  shape  and  size  satisfactory  to  the  Engineer.  After 
g  rolled  all  irregularities  of  the  surface  shall  be  eliminated  and  the  sand 
ion  shall  be  brought  to  the  exact  form  and  section  by  the  use  of  lutes  or 
I  templates. 

7.  Premoulded  longitudinal  expansion  joints  shall  be  placed  alongside 
curb  or  edging,  and  shall  conform  strictly  to  the  requirements    given 

jr  "  Materials  of  Construction." 

hese  joints  must  extend  to  the  depth  of  the  brick.  No  transverse 
ts  shall  be  allowed.  The  material  should  be  made  into  strips  of  suitable 
th  and  of  the  required  depth  and  thickness  as  shown  on  plans  and  should 
id  in  the  pavement  with  the  ends  closely  joined  as  the  brick  sare  beinglaid. 
:.8.  On  the  sand  cushion  prepared  as  in  section  61.6  the  bricks  shall  be 
fully  set  on  edge  with  the  best  edge  up,  shall  be  laid  straight  and  at  right 
es  to  the  edging  line,  except  at  road  intersections,  where  they  shall  be 
at  such  angles  as  directed  by  the  Engineer.  All  brick  shall  be  laid  with 
lugs  in  the  same  direction,  joints  shall  be  close  and  at  right  angles  to  the 
and  sides.  Each  alternate  course  shall  be  commenced  with  a  half  brick. 
1  half  bricks  or  bats  shall  be  used  except  at  the  ends  of  courses,  and  no 
shall  be  less  than  3"  in  length  and  at  right  angles  to  the  courses.  All 
s  shall  be  broken  with  a  lap  of  not  less  than  three  (3)  inches, 
hen  laying  brick  on  a  street  or  road  used  in  conjunction  with  a  traction 
pany  the  courses  shall  be  started  at  the  rails  and  laid  down  toward  the 

fs  or  edgings. 
1  brick  shall  be  clean  when  placed  in  the  pavement.     Brick  which  in  the 
ion  of  the  Engineer  are  not  satisfactorily  clean,  shall  be  washed  before 
g  placed. 

no  case  shall  the  sand  cushion  in  front  of  the  pavement  be  disturbed  or 
:ed  on  during  the  laying  of  the  bricks. 

:.9-  After  a  sufficient  number  of  bricks  have  been  laid,  all  soft,  broken  or 
y  misshapen  bricks  shall  be  marked  by  the  inspector  and  removed  by  the 
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Contractor.  Any  bricks  slightly  spalled  or  kiln-marked  shall  be  turned  c 
and  should  the  opposite  face  be  acceptable,  it  may  be  replaced  in  the  p 
ments  otherwise,  it  must  be  removed. 

In  laying  brick  pavement,  the  inspector  shall  keep  the  bricks  culled, 
the  Contractor  shall  make  the  necessary  changes  and  replacements  so 
the  work  shall  at  all  times  be  ready  for  grouting  within  300  ft.  frorr. 
brick-laying. 

61.10.  After  all  objectionable  bricks  have  been  removed  from  the  p 
ment  and  all  replacements  have  been  made,  the  pavement  shall  be  swept  i 
and  thoroughly  rolled  with  a  self-propelled  tandem  roller  weighing  not 
5  tons  and  not  less  than  3  tons.  Horse  rolling  shall  not  be  permitted, 
rolling  shall  start  along  the  outside  edges  and  progress  toward  the  center 
shall  then  be  rerolled  diagonally  both  ways  until  the  surface  is  even.  , 
final  rolling  the  pavement  shall  be  tested  with  a  10'  straight  edge  laid  pa: 
with  the  curb,  and  any  depression  exceedingly  }/±"  shall  be  corrected 
brought  to  the  proper  grade.  All  bricks  disturbed  in  making  replacemet 
correcting  depressions  shall  be  settled  into  place  by  ramming  or  by  rero 
All  gutter  bricks  must  be  brought  to  grade  by  ramming. 

This  rolling  shall  start  along  the  outside  edges  and  progress  toward 
center  as  slowly  as  possible.  After  the  first  passage  of  the  roller,  the 
may  be  quickened.  Portions  of  the  pavement  inaccessible  to  roller  sha 
tamped    to    grade    by  the    use  of  hand  tamper  applied  upon  a  2"  b< 

If  during  or  after  the  rolling  of  the  pavement  the  sand  cushion  shall 
up  between  the  brick  more  than  3^  their  depth,  the  brick  shall  be  take 
and  the  sand  cushion  again  rolled  until  firm  enough  to  support  the  weig 
the  brick  and  roller.     After  final  rolling  all  broken  brick  must  be  repli 

Each  section  of  pavement  must  be  acceptable  to  the  Engineer  befor 
grouting  on  that  section  may  be  commenced. 

61. 11.  Grout. — Grout  for  filling  the  joints  of  brick  or  block  paven 
shall  be  composed  of  1  part  Portland  cement  and  1  part  group  sand,  if 
mixed,  and  1  part  Portland  cement  and  2  parts  group  sand  if  machine  m 

61.12.  The  box  for  hand  mixing  this  grout  shall  be  about  4'  8" 
2'    6"    wide    and    1'    2"    deep,    supported    on    legs   of   different  lengt 
order  that  the  mixture  shall  readily  flow  to  the  lowest  corner,  which  sha' 
be  more  than  6"  above  the  pavement.     Any  approved  mechnical  grout  1 
may  be  used. 

61.13.  If  hand  mixed,  the  material,  not  exceeding  I  sack  of  cement  tog 
with  a  like  amount  of  sand,  shall  be  placed  in  the  box  and  mixed  dry,  unt 
mass  assumes  a  uniform  color.  Y/ater  shall  then  be  added,  forming  a  1 
mixture  of  the  consistency  of  thin  cream  for  the  first  coat  and  sli 
thicker  for  each  succeeding  coat.  From  the  time  the  water  is  applied 
the  last  drop  is  removed  and  floated  into  the  joints  of  the  pavemen 
mixture  must  be  constantly  agitated. 

61.14.  Spreading  Grout. — The  brick  shall  be  wet  to  the  satisfaction  c 
Engineer  before  any  grout  is  placed.  The  grout  shall  be  removed  froi 
box  to  the  street  surface  with  a  scoop  shovel  and  immediately  swept  int 
joints,  the  mixture  in  the  box  being  constantly  agitated  while  this  is  '< 
done. 

If  a  mixer  is  used,  as  soon  as  the  grout  is  deposited  upon  the  surfs 
must  be  swept  into  the  joints.  The  work  of  grouting  shall  proceed  fc 
entire  width  of  the  pavement,  working  from  the  sides  toward  the  ce 
When  sufficient  time  has  elapsed  for  the  grout  to  thoroughly  penetra- 
the  joints,  but  before  the  grout  has  begun  to  harden,  the  section  treated 
be  gone  over  a  second  time  in  the  same  manner,  care  being  taken  to 
oughly  fill  all  joints  to  the  bottom  and  flush  with  the  top  of  the  brick 
necessary  to  secure  flush  joints,  a  third,  fourth  or  fifth  coat  of  the  grout 
be  swept  in  and  smoothed  off  with  a  suitable  squeegee.  The  squeegee 
in  all  cases  be  worked  at  an  angle  of  4s0  with  the  joints. 

Care  shall  be  taken  to  so  conduct  the  grouting  that  no  part  of  any  join 
receive  an  application  of  the  second  grout  until  the  first  is  satisfactorily 
pleted,  nor  of  the  third  until  the  second  is  completed,  etc.  To  insun 
result  metal  strips  MV'  by  6"  by  3'  must  be  inserted,  for  the  full  length  < 
joint,  at  work  intervals;  all  of  the  several  applications  of  grout  mui 
completed  up  to  this  joint  before  any  grouting  is  begun  on  the  other  side 

61.15.  Covering. — After  the  joints  are  thus  filled  flush  with  the  top  c 
bricks  and  sufficient  time  for  hardening  has  taken  place,  the  pavement 
then  be  sprinkled,  shortly  after  which  1"  of  suitable  material  shall  be  sj 
evenly  over  the  entire  surface,  and  be  kept  moist  for  a  period  of  at  lea 
days  and  until  the  grout  has  thoroughly  hardened. 
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iring  this  period  the  section  grouted  must  remain  absolutely  free  from 
rbance  or  traffic  of  any  kind.  Before  opening  for  traffic  this  cover  coat 
be  completely  removed. 

17.  Plastering  Rail. — Wherever  railway  track  is  encountered  in  the  area 
paved,  the  rails  shall  be  plastered  with  a  stiff  mortar  mixed,  1  part  of 

and  cement  to  3  parts  of  concrete  masonry  sand.  This  shall  be  used  to 
detely  fill  under  the  head  of  the  rail  on  both  sides  of  the  web.  When  this 
e  no  deduction  will  be  made  from  the  paved  area  for  the  area  of  the  rails 
urposes  of  payment. 

18.  Measurement  and  Payment. — The  quantity  of  pavement  to  be 
for  under  this  item  shall  be  the  number  of  square  yards  placed  in  accord- 
with  the  plans  or  directions  of  the  Engineer,  and  shall  be  computed  by 
plying  the  actual  width  of  pavement,  including  expansion  joints,  by 
)tal  length  of  pavement  measured  along  the  axis  of  the  road  and  parallel 
;  surface,  except  that  the  area  of  manhole  covers  and  catch  basins,  where 
ntered,  shall  be  omitted.  The  price  bid  per  square  yard  shall  cover 
ind  cushion,  paving  brick,  grout,  (except  Portland  Cement),  material 
cpansion  joint,  sand  covering,  sprinkling,  and  all  other  labor,  materials 
ncidentals  necessary  to  satisfactorily  complete  the  work. 

Item  61 — A 

specifications  for  this  item  will  be  the  same  as  those  given  under  Item 

.d  entitled  "Brick  Pavment,  Type  i,"  except  in  the  following  details: 

ment-sand  Bed. — Not  less  than  10  days  after  the  concrete  foundation 

»een  completed,  there  shall  be  spread  upon  this  foundation  a  bed    of 

it  and  concrete  masonry  sand,  consisting  of  1  part  cement  and  4  parts 

acrete  masonry  sand  of  which  the  depth  shall  not  be  greater  than   1" 

rolling.      The  sand  and  cement  must  be  thoroughly  mixed  dry  before 

lg  either  by  an  approved  type  of  mixer,  or  by  hand,  on  a  mixing  board  or 

I   The   materials  shall  be  thoroughly  mixed  until   a  uniform   color  is 

Led  and  should  be  spread  on  the  foundation  in  this  condition.     The 

Bit-sand  bed  shall  be  struck  off  with  a  template  and  be  brought  to  the 

I  form  and  section  shown  on  plans  to  the  required  depth  below  the  fin- 

I  grade.     After  the  bed  has  been  leveled  off  it  shall  be  rolled  with  a 

I  roller  weighing  about  300  lb.  If  any  depressions  develop  they  shall  be 
in  and  the  bed  again  leveled  and  the  rolling  shall  be  repeated  as  many 
as  are  necessary  to  compress  the  sand  bed.  Tramping  upon  the 
it-sand  bed  is  prohibited.  The  inspector  must  keep  the  brick  culled 
he  Contractor  shall  make  the  necessary  changes  and  replacements  so 
■the  work  at  all  times  shall  be  ready  for  the  grouting  within  100  ft.  of 
Brick  line. 

■  brick  laid  must  be  rolled  ready  for  grouting  at  the  end  of  the  working 
ft  and  each  day's  work  must  be  completed  in  full. 

Bore  the  grouting  is  applied  the  rolled  bricks  shall  be  thoroughly  wet  by 
■ding.  It  is  important  that  the  bricks  be  well  wet  so  as  to  set  up  the 
Bit-sand  bed.  An  excess  of  water  over  that  required  and  taken  up  by  the 
Bit-sand  cushion  must  not  be  used.  The  operation  of  grouting  will  be 
Bred  as  for  "Type  I."  f 

B/ment  will  be  made  as  for  "Type  1 "  except  that  it  will  also  cover  the 
■it-sand  bed  (except  Portland  Cement). 

Item  59 — Wood  Block  Pavement 

(New  York  State  1922) 

Hi.  Work. — Under  this  item  the  Contractor  shall  furnish  and  place  upon 
fperly  prepared  foundation  wood  block  of  the  quality  specified  where 
H  upon  the  plans  or  ordered  by  the  Engineer. 

B.s  pavement  shall  be  placed  upon  the  old  macadam,  old  concrete  pave- 
B  new  concrete  foundation  or  on  other  foundation  as  shown  on  the  plans 
■Ordered  by  the  Engineer. 

Bb.  Material. — The  blocks  shall  be  from  6  to  9"  long  and  shall  average 
Key  shall  be  3"  in  depth  and  from  3  to  4"  in  width;  but  all  blocks  in  one 
Bjof  pavement  shall  be  of  uniform  width.  No  variation  greater  than  H  $" 
■be  allowed  in  the  depth  and  H"  in  the  width  of  the  blocks. 
h.  Blocks  shall  be  made  from  Southern  yellow  pine,  North  Carolina 
■Norway  pine,  black  gum  or  tamarack;  only  one  kind  of  wood  however 
•  be  used  in  one  piece  of  pavement. 
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Yellow  pine  block  shall  be  made  from  what  is  known  as  Southern  y< 
pine,  well  manufactured,  full  size,  saw  butted,  all  square  edges,  and  she 
free  from  the  following  defects: 

Unsound,  loose  and  hollow  knots,  worm  holes  and  knot  holes,  thr 
shakes  and  round  shakes  that  show  on  the  surface.     In  yellow  pine  ti 
the  annular  rings  shall  average  not  less  than  six  to  the  inch  and  shall 
no  case  less  than  four  to  the  inch,  measured  radially. 

Norway  pine,  gum,  North  Carolina  pine  and  tamarack  block  shall  b 
from  timber  that  is  first-class  in  every  respect,  and  shall  be  of  the  same  | 
as  that  defined  for  the  Southern  yellow  pine. 

59.4.  The  creosote  oil  with  which  the  blocks  shall  be  treated  shall  cor 
to  either  of  the  following  specifications,  designated  as  "A"  and  "B." 

The  preservative  to  be  used  under  this  specification  shall  be  a  prodt 
coal  gas,  water  gas  or  coke  oven  tar,  which  shall  be  free  from  adultera 
and  contain  no  raw  or  unfiltered  tars,  petroleum  compounds,  or  tar  pro 
obtained  from  processes  other  than  those  stated. 

Specification  "A" 

The  specific  gravity  shall  not  be  less  than  one  and  eight-hundredths  I 
nor  more  than  one  and  fourteen  hundredths  (1.14)  at  a  temperature  of  tl 
eight  (38)  degrees  centigrade. 

Not  more  than  three  and  one-half  (3H)  per  centum  shall  be  insolut 
continuous  hot  extraction  with  benzol  and  chloroform. 

On  distillation,  which  shall  be  made  exactly  as  described  in  Bulletin 
the  Railway  Engineering  and  Maintenance  of  Way  Association,  the  c 
ate,  based  on  water  free  oil,  shall  not  exceed  one-half  (H)  of  one  (1)  pe 
turn  at  one  hundred  and  fifty  (150)  degrees  centigrade,  and  shall  be  nc 
than  thirty  (30)  nor  more  than  forty  (40)  per  centum  at  three  hundre> 
fifteen  (315)  degrees  centigrade. 

The  oil  shall  contain  not  more  than  three  (3)  per  centum  of  water. 

Specification  "B" 

It  shall  be  completely  liquid  at  thirty-eight  (38)  degrees  centigrade 
shall  have  a  specific  gravity  at  that  temperature  of  not  less  than  one  and 
hundredths  (1.03)  nor  more  than  one  and  eight  hundredths  (1.08). 

It  shall  contain  not  more  than  two  (2)  per  centum  of  matter  insolu' 
hot  extraction  with  benzol  and  chloroform. 

On  distillation,  which  shall  be  made  exactly  as  described  in  Bulletin  I 
of  the  American  Railways  Engineering  and  Maintenance  of  Way  Associ 
the  distillate  based  on  water  free  oil  shall  be  within  the  following  1 

At  2io°C.  not  more  than  5%. 

At  235°C,  not  more  than  35%. 

At  3iS°C.,  not  more  than  85%. 

The  oil  shall  yield  a  coke  residue  not  exceeding  three  (3)  per  cent. 

The  distillate,  between  2io°C.  and  23S°C,  shall  yield  solids  on  cool 
I5°C.      The  preservative  shall  contain  not  more  than  3  %  of  water. 

59.5.  Sampling  of  Oil. — The  manufacturer  of  the  oil  shall  permit  fu 
complete  inspection  and  sampling  at  the  factory  at  which  the  oil  is  proc 
of  all  materials  either  crude  or  refined,  entering  into  the  manufacture 
finished  product  itself,  in  order  that  the  materials  used  can  be  deter 
to  be  in  accordance  with  the  foregoing  requirements.  He  shall  also  s 
satisfactory  proof  of  the  origin  of  all  materials  entering  into  the  compc 
of  the  finished  product. 

Samples  of  the  preservative  taken  by  the  inspector  from  the  treating 
during  the  progress  of  the  work  shall  at  no  time  show  an  accumulation  oi 
than  2  %  of  foreign  matter,  such  as  sawdust  or  dirt. 

59.6.  The  blocks  shall  be  treated  with  the  preservative  above  descrit 
that  they  shall  contain  at  least  16  lb.  of  the  same  per  cubic  foot  of  ti 

The  manufacturer  of  the  block  shall  equip  his  plant  with  all  neo 
gauges,  appliances  and  facilities  to  enable  the  inspector  to  satisfy  h 
that  the  requirements  of  the  specifications  are  fulfilled. 

59.7.  Method. — Upon  the  foundation  shall  be  spread  a  bed  of  cemen 
tar  at  no  place  less  than  M"  in  thickness,  composed  of  one  part  Po: 
cement  and  four  parts  sand  thoroughly  mixed  dry.  This  morta 
shall  be  struck  with  a  template  to  a  true  surface  exactly  parallel  to  tl 
of  the  proposed  pavement  surface  and  3"  below  it.  The  bed  sh 
sprinkled,  immediately  in  advance  of  the  block  laying,  with  clean  wa 
hand  sprinklers. 
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J.  On  the  mortar  surface  prepared  as  described,  the  blocks  shall  be  laid 
grain  vertical  and  at  such  angles  with  the  curb  as  the  Engineer  may 
;.  The  block  shall  be  laid  in  straight  and  parallel  courses  and  set 
y  together  but  the  joints  shall  not  exceed  y%"  and  the  blocks  shall  not 
iven  together.  Each  course  of  blocks  shall  be  of  uniform  width  and 
l,  with  end  joints  broken  by  a  lap  of  not  less  than  2%".  Only  whole 
s  shall  be  used  except  in  starting  courses,  cutting  closures,  or  where 
illy  permitted  by  the  Engineer.  Expansion  joints  of  the  same  character 
specified  for  "Brick  Pavements"  shall  be  used  as  shown  on  the  plans  or 
iered  by  the  Engineer.  On  steep  grades  or  elsewhere  as  shown  on  the 
or  as  ordered  by  the  Engineer,  iron  or  steel  plates  shall  be  furnished, 
ed  and  secured  in  the  transverse  joints.  Such  plates  shall  conform 
ly  to  the  surface  of  the  paving.  Payment  for  them  will  be  made  under 
"Miscellaneous  Iron  and  Steel." 

>sures  shall  be  carefully  cut  and  trimmed  by  experienced  men,  the  por- 
>f  the  blocks  used  shall  be  free  from  defects  and  the  cut  end  shall  have  a 
ze  perpendicular  to  the  top  of  the  block  and  cut  at  a  proper  angle  to  give 
•e  joint.     In  laying  block  the  pavers  must  stand  on  the  block  previously 

er  the  laying  is  completed,  defective  blocks  shall  be  carefully  culled  out, 
docks  raised,  the  courses  carefully  aligned  and  the  blocks  spaced  up. 
>avement  shall  then  be  rolled  by  a  self-propelled  tandem  roller  weighing 
ss  than  2^2  tons  nor  more  than  5  tons;  the  pavement  being  at  the  same 
lightly  sprinkled  and  the  rolling  continued  until  a  uniform  surface  is 
aed.  Upon  the  completion  of  the  rolling  any  defective  blocks  shall  be 
/ed  and  be  replaced  with  sound  blocks,  and  displaced  blocks  shall  be 
ned.  The  joints  in  the  pavement  shall  then  be  immediately  filled  in 
lanner  hereinafter  described.  If  deemed  advisable  by  the  Engineer, 
ms  of  pavement  laid  with  blocks  which  have  become  "dried  out"  shall 
rinkled  with  water  at  frequent  intervals  before  joints  of  same  are  filled. 
9  After  rolling,  the  blocks  shall  be  flushed  with  an  approved  bituminous 
heated  to  at  least  300°F.,  which  shall  be  poured  over  the  whole  surface 
rell  forced  into  the  joints  by  rubber  squeegees.  While  the  bituminous 
s  still  hot  it  shall  be  immediately  followed  with  a  thin  coating  of  clean 
and.  Before  turning  traffic  onto  the  pavement  a  coating  of  %"  in 
less  of  dry  screened  sand  shall  be  spread  over  the  entire  surface. 
10.  Measurement  and  Payment. — The  quantity  to  be  paid  for  under 
tem  shall  be  the  number  of  square  yards,  including  expansion  joints, 
rement  laid  in  accordance  with  the  plans  and  as  directed  by  the  Engineer. 
5  price  bid  shall  cover  the  furnishing  and  placing  of  the  mortar  bed, 
pt  Portland  Cement)  ,  wood  block,  bituminous  filler  and  sand  surfac- 
nd  all  other  labor  and  incidental  expenses  necessary  to  complete  the 

Item  62 — Stone  Block  Pavement. — Type  i 

Item  62A — Stone  Block  Pavement. — Type  2 

r.  Work. — Under  this  item  the  Contractor  shall  furnish  and  place  upon 
>erly  prepared  foundation  Stone  Block  pavement  of  the  quality  specified 
,  as  shown  upon  the  plans  or  directed  by  the  Engineer. 
;  item  will  include  the  furnishing  and  placing  of  all  the  block,  sand 
m,  grout,  expansion  joints  and  all  material,  labor  and  other  expenses 
axtal  thereto,  but  will  not  include  the  concrete  foundation,  edging, 
lg,  manholes,  catch  basins,  etc.,  which  will  be  paid  for  under  the  especi- 
esignated  items  therefor. 

Material. — The  dimensions  of  granite  or  other  blocks  except  of 
la  sandstone  shall  be  as  follows:  Not  less  than  8"  nor  more  than  12" 
»n  top,  not  less  than  3>£"  nor  more  than  4M"  wide  on  top,  and  not  less 
4%"  nor  more  than  5K"  deep.  They  shall  be  dressed  so  that  after 
no  measurement  of  any  joint  shall  show  a  width  of  more  than  y^"  for  a 
of  1",  or  a  width  of  more  than  1"  in  any  part  of  the  joint.  The  head 
block  shall  be  so  cut  that  it  shall  not  have  a  depression  in  it  more  than 
ieep,  and  the  edges  and  corners  must  be  full  unchipped  and  unbroken, 
ocks  shall  be  sorted  and  laid  in  straight  course  of  uniform  width  and 

dimensions  of  the  Medina  sandstone  blocks  shall  be  as  follows:  Not  less 
"  nor  more  than  13"  long  on  top;  not  less  than  3"  nor  more  than  5H" 
on  top  and  not  less  than  6"  nor  more  than  7"  deep.  They  shall  be 
:d  so  that  after  laying  no  measurement  of  any  joint  shall  show  a  width 
re  than  $4"  for  a  depth  of  2^2"  or  a  width  of  more  than  1"  in  any  part 
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of  the  joint.  The  head  of  the  block  shall  be  so  cut  that  it  shall  not  h: 
depression  in  it  more  than  %"  deep  and  the  edges  and  corners  must  b 
unchipped  and  unbroken.  All  blocks  shall  be  sorted  and  laid  in  str 
courses  of  uniform  width  and  depth. 

62.3.  The  blocks  shall  be  of  stone  of  medium  sized  grain  showing  an 
distribution  of  constituent  material.  They  shall  be  of  uniform  quality 
texture,  without  seams  scales  or  disintegration.  They  shall  be  made* 
rock  which  when  tested  in  the  De val  Rattler  will  show  a  ' '  coefficient  of  v 
of  more  than  7  and  less  than  14.  All  blocks  for  any  one  contract  sh 
from  the  same  quarry  unless  otherwise  directed. 

62.4.  Method. — On  the  prepared  foundation,  sufficient  clean  Cu 
Sand  as  described  under  "Materials  of  Construction"  shall  be  spra 
such  a  thickness  that  after  the  pavement  has  been  thoroughly  ramm 
settled  the  sand  under  the  block  shall  be  nowhere  less  than  1"  thick. 

Premoulded  longitudinal  expansion  joints  shall  be  placed  along  side 
curb  or  edging  and  shall  conform  strictly  to  the  requirements  given  1 
"Materials  of  Construction." 

These  joints  must  extend  to  the  depth  of  the  block.     No  transverse 
shall  be  allowed.     The  material  should  be  made  into  strips  of  suitable  1 
and  of  the  required  depth  and  thickness  as  shown  on  plans  and  should  b 
in  the  pavement  with  the  ends  loosely  joined  as  the  block  are  being 

On  the  sand  cushion  above  specified  the  blocks  shall  be  set  vertical 
edge  in  close  contact  with  each  other,  and  in  straight  rows  across  the  re 
right  angles  to  the  curb,  except  at  intersections  or  curves,  where  the  an 
the  rows  with  the  curb  shall  be  varied  to  meet  the  conditions.  Bloc 
adjoining  rows  shall  be  set  to  break  joints  not  less  than  3".  All  blocks 
be  set  so  that  when  thoroughly  rolled  or  settled  to  a  firm,  unyielding  be 
they  will  then  be  true  to  lines,  grades  and  cross-sections,  and  have  no 
greater  than  the  maximum  allowable.  All  depressions  or  irregularit 
the  surface  shall  be  corrected  to  the  satisfaction  of  the  Engineer, 
practiced  and  competent  pavers  shall  be  employed  in  laying  the  b 

After  the  blocks  are  laid,  sufficient  approved  clean  gravel  shall  be  s 
over  the  surface  and  swept  into  the  joints  so  as  to  fill  the  latter  to  a  de- 
about  2"  from  the  bottom.  The  blocks  shall  then  be  thoroughly  rolled I 
firm,  with  a  roller  weighing  not  less  than  6  tons,  even  and  true  to  the 
grades  and  cross-sections.  Blocks  not  brought  to  true  surface  by  1 
shall  be  rammed. 

Portland  cement  grout  mixed  in  proportions  of  1  part  cement  and  2 
sand  shall  then  be  poured  into  the  joints  until  the  grout  flushes  to  the  si 
of  the  pavement.  The  grout  shall  be  broomed  when  required,  and  the 
ing  and  brooming  shall  be  continued  until  all  the  joints  are  thoroughly 
and  the  grout  is  even  with  the  highest  part  of  any  and  all  blocks.  I 
grouting  the  blocks  shall  be  wet  by  sprinkling  or  otherwise.  Grout  sh 
mixed  as  specified  under  Item  61. 

62.5.  Covering. — After  grouting  shall  have  been  completed  and  the 
shall  have  sufficiently  hardened,  a  coating  of  suitable  material  about  ■ 
shall  be  spread  over  the  whole  surface  of  the  grouted  pavement,  and  th< 
shall  then  be  sprinkled  with  water.  This  covering  shall  be  kept  wet 
no  travel  of  any  kind  shall  be  allowed  on  the  completed  pavement  : 
least  10  days  thereafter,  nor  until  the  grout  shall  have  thoroughly  set, 
the  covering  shall  be  completely  removed. 

62.6.  Measurement  and  Payment. — The  quantity  to  be  paid  for  und( 
item  shall  be  the  number  of  square  yards  of  pavement  within  the  edgi 
curbing  laid  in  accordance  with  the  plans  and  as  directed  by  the  Eng 

The  price  bid  shall  cover  the  furnishing  and  placing  of  all  materials,  (e 
Portland  Cement),  the  spreading  of  sand  cushion,  the  laying,  re 
grouting,  surfacing  and  all  labor  and  incidental  expenses  necessary  to 
plete  the  work. 

Item  62 — A 

The  specifications  for  this  item  will  be  the  same  as  those  given  under 
62  and  entitled  "Stone  Block  Pavement,  Type  i,"  except  in  the  foil* 
details: 

Cement-sand  Bed. — Not  less  than  10  days  after  the  concrete  found 
has  been  completed,  there  shall  be  spread  upon  this  foundation  a  t 
cement  and  concrete  masonry  sand,  consisting  of  1  part  cement  and  4 
of  concrete  masonry  sand  of  which  the  depth  shall  not  be  greater  th 
after  rolling.     The  sand  and  cement  must  be  thoroughly  mixed  dry  I 
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:ing  either  by  an  approved  type  of  mixer,  or  by  hand,  on  a  mixing  board 
pan.  The  materials  shall  be  thoroughly  mixed  until  a  uniform  color  is 
ained  and  should  be  spread  on  the  foundation  in  this  condition.  The 
lent-sand  bed  shall  be  struck  off  with  a  template  and  be  brought  to  the 
ct  form  and  section  shown  on  plans  to  the  required  depth  below  the 

hed  grade.  After  the  bed  has  been  leveled  off  it  shall  be  rolled  with  a 
d  roller  weighing  about  300  lb.  If  any  depressions  develop  they  shall  be 
d  in  and  the  bed  again  leveled  and  the  rolling  shall  be  repeated  as  many 

s  as  are  necessary  to  compress  the  sand  bed.  Tramping  upon  the  cement- 
i  bed  is  prohibited.  The  inspector  must  keep  the  block  culled  and  the 
ltractor  shall  make  the  necessary  changes  and  replacements  so  that  the 
k  at  all  times  shall  be  ready  for  the  grouting  within  100  ft.  of  the  block 

Jl  block  laid  must  be  rolled  ready  for  grouting  at  the  end  of  the  working 

od  and  each  day's  work  must  be  completed  in  full. 

efore  the  grouting  is  applied  the  rolled  block  shall  be  thoroughly  wet  by 

nkling.      It  is  important  that  the  blocks  be  well  wet  so  as  to  set  up  the 

ent-sand  bed.     An  excess  of  water  over  that  required  and  taken  up  by 

cement-sand  cushion  must  not  be  used.     The  .operation  of  grouting  will 

olio  wed  as  for  "Type  1." 

ayment  will  be  made  as  for  "Type  1"  except  that  it  will  also  cover  the 

ent-sand  bed  (except  Portland  Cement). 

Item  56.    Trimming  Shoulders  New  York 

Work. — Under  this  item  the  contractor  shall  form  and  trim  shoulders, 
hes,  and  slopes  in  a  workman-like  manner  to  the  lines  and  grades  of  the 
cal  sections  shown  on  plans  and  as  the  engineer  may  direct.  The 
ilders  should  be  rolled  with  a  roller  weighing  not  less  than  3  tons  and 
.n  a  compact  and  satisfactory  condition  at  the  completion  of  the  contract. 

Measurement  and  Payment. — The  quantity  to  be  paid  for  shall  be 
number  of  linear  feet  measured  along  the  axis  of  the  roadway  where  the 

is  actually  performed, 
be  price  bid  per  linear  foot  of  road  shall  cover  all  labor  and  incidental 
i.  necessary  to  trim,  form,  and  compact  shoulders,  ditches,  and  slopes 
le  line  and  grade  shown  on  the  plans  or  as  ordered  by  the  engineer. 
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E-i.    Subgrade  and  Drainage         , 

a.  Preparation  of  Subgrade. — 1.  The  ground  to  be  occupied  by  the  s 
walk  shall  be  excavated  or  filled  to  a  subgrade,  which,  after  being  compac 
shall  be  such  a  depth  below  the  finished  surface  of  the  sidewalk  as  may 
shown  on  the  plans.  The  subgrade  shall  immediately  be  dressed  to  a  p 
surface  containing  no  large  stones,  roots,  sod,  or  rubbish  and  shall  si 
downward  toward  the  street  W  in  i',  horizontally,  and  to  such  long 
dinal  grade  as  may  be  shown  on  the  plans.  The  completed  subgrade  s 
project  4"  in  excavation  and  18"  in  embankment  on  each  side  beyond 
edges  of  the  completed  walk.  After  the  grading  is  completed,  the  sur: 
shall  be  compacted  by  rolling  or  ramming.  All  soft  and  spongy  pi; 
shall  be  removed  and  all  depressions  filled  with  material  as  nearly  as  poss' 
conforming  to  that  in  the  remainder  of  the  subgrade.  All  filling  sha3 
compacted  in  layers  not  exceeding  6"  in  thickness. 

2.  Trees  shall  not  be  cut  down  or  otherwise  disturbed  except  by  orde 
the  engineer  as  shown  on  the  plan.  Any  tree  to  be  removed  must  be  grut 
out  or  excavated  with  all  of  its  principal  roots  and  in  case  of  cement  w 
for  the  entire  width  of  the  sidewalk.  Trees  having  a  diameter  of  6"  or  < 
will  be  paid  for,  the  measurement  to  be  taken  3"  above  the  ground.  I 
ment  for  the  removal  of  such  trees  will  be  made  in  accordance  with 
contract  price  for  the  removal  of  trees. 

Stumps  will  be  removed  when  encountered  in  the  work.  They  mus- 
grubbed  out  or  excavated  as  in  the  case  of  trees.  Stumps  having  a  diam 
of  6"  or  over  at  the  place  where  they  were  cut  will  be  paid  for  at  the  cont 
price  bid  for  removing  stumps. 

3.  Roots  and  trees  which  are  not  removed,  but  which  are  contiguous  to 
line  of  the  sidewalks,  and  in  any  manner  interfere  therewith,  must  be  trim:  I 
and  cut  away  as  the  engineer  shall  direct.     Where  the  engineer  may  dii , 
the  sidewalks  shall  be  fitted  to  such  trees. 

b.  Surface  Drainage. — 1.  In  establishing  the  grade  for  the  walk,  1"  s 
be  added  to  the  grade  resulting  from  the  J^"  rise  per  foot  from  the  c 
grade,  so  that  the  earth  slope  from  the  curb  to  the  walk  shall  be  left  1"  be 
the  walk  surface,  to  insure  proper  drainage  of  all  water  from  the  sidew 
The  grade  established  will  be  the  side  nearest  the  curb. 

c.  Provision  of  Underdrainage. — 1.  When  shown  on  the  plans  or  requ 
by  the  engineer,  a  suitable  drainage  system  shall  be  installed  and  conne< 
with  sewers  or  other  drains  as  indicated. 

2.  On  the  subgrade  prepared  as  specified,  the  drainage  course,  w 
required,  shall  be  thoroughly  rolled  or  tamped  to  a  surface  at  least  5"  be 
the  finished  grade  of  the  walk.  The  drainage  course  shall  be  compose< 
broken  stone,  gravel,  or  boiler-plant  cinders  4"  in  thickness  when  compac 
The  broken  stone  for  this  purpose  may  be  any  durable  stone,  crushec 
such  size  that  all  will  pass  through  a  screen  with  2"  openings  and  be  retai 
on  a  ^"  screen.  Gravel  for  the  purpose  may  be  any  sound,  durable  gra 
all  of  which  shall  pass  through  a  2"  screen  and  be  retained  on  a  W  scr 
If  cinders  are  used  they  must  be  good  boiler-plant  cinders  from  which 
ashes  have  been  screened  out.  The  cinders  must  be  thoroughly  drenc 
with  water  before  they  are  placed  on  the  sidewalk. 


SIDEWALKS  1485 

I.  The  bottom  of  the  drainage  course  shall  be  connected  with  street 
■ns,  or  sewer  inlets,  by  3"  hard  farm  tile  drain  pipe  at  such  points,  not 
me  than  200'  apart,  as  will  drain  all  the  standing  water  out  of  the  drainage 
Irse. 

1.  While  compacting  the  subgrade  and  drainage  course,  the  material  shall 
■cept  thoroughly  wet  and  shall  be  in  that  condition  when  the  concrete  is 
Dsited;  unless  the  subgrade  is  composed  of  damp  clay,  in  which  case 
a  care  must  be  taken  to  prevent  it  becoming  too  soft. 
Prices  to  Coter. — The  cost  of  preparing  the  subgrade  as  specified  above 
ubdivision  a,  except  as  otherwise  provided,  shall  be  included  in  the 
ract  price  for  subgrade.  Where  underdrainage  is  required  by  the  plans 
y  order  of  the  engineer,  the  cost  of  providing  the  materials  and  con- 
cting  the  drainage  course  complete,  as  specified  above  in  Subdivision  b, 
1  to  4,  inclusive,  shall  be  included  in  the  contract  price  for  drain  tile 
mderdrainage. 

here  contracts  are  for  walks  only,  the  items  for  extra  earth  excavation 
.  include  all  excavation  above  the  finished  grade  line,  as  shown  on  the 
dard  plans,  and  shall  be  for  such  width  as  indicated  by  a  special  section. 

E-2.     Foundation  and  Wearing  Surface 

Forms,  Dimensions,  and  Joints. — 1.  Forms  shall  be  free  from  warp  and 
sufficient  strength  to  resist  springing  out  of  shape.  The  forms  shall  be 
staked  or  otherwise  held  to  the  established  lines  and  grades  and  their 

3r  edges  shall  conform  to  the  established  grade  of  the  walk.      All  wood 

is  shall  be  thoroughly  wetted  and  metal  forms  oiled  before  depositing 

material  against  them.  All  mortar  and  dirt  shall  be  removed  from  forms 
have  been  previously  used. 

The  slabs  or  independently  divided  blocks,  when  not  reinforced,  shall 
an  area  of  not  more  than  36  sq.  ft.  and  shall  not  have  any  dimensions 

ter  than  6'.     The  large  slabs  shall  be  reinforced  as  hereinafter  specified. 

eneral,  no  walk  shall  be  less  than  5'  in  width. 
Each  slab  shall  be  separate  from  the  adjoining  one  by  a  straight  joint 

1  with  tar  paper.     All  joints  shall  be  made  with  a  jointing  tool  not  less 

%"  thick,  and  so  made  as  to  slightly  round  the  corners  of  the  flags. 

The  thickness  of  the  walks  shall  be  generally  1"  in  thickness  for  each 

in  width,  but  in  no  case  less  than  5"  for  a  two-course  walk,  or  4"  for  a 

course  walk,  for  residence  streets,  and  not  less  than  6"  for  a  two-course 
on  business  streets.     The  maximum  thickness  will  be  shown  on  the 

A  y^"  thick  expansion  joint  of  asphaltic  felt  the  same  depth  as  the 

ete  shall  be  provided  at  least  once  in  every  50'.      Wherever  the  walk 

.ds  directly  against  the  curb  or  building,  a  >£"  expansion  joint  of 
altic  felt  shall  be  provided. 

Unless  protected  by  metal,  the  upper  edges  of  the  concrete  shall  be 
ded  to  a  radius  of  W. 

Where  steel  dividers  are  used  between  each  slab,  tar  paper  and  asphaltic 
oints  may  be  omitted. 

Two-course  Walks. — 1.  Where  the  sidewalk  extends  from  the  curb  to 
ilding  a  two-course  walk  may  be  laid,  otherwise  a  one-course  walk  shall 
"d. 

The  foundation  course  of  a  two-course  walk  shall  be  composed  of 
land  cement  concrete  designated  as  Class  B  concrete  in  these  specifica- 
The  proportioning,  mixing,  and  placing  of  concrete  shall  be  done  in 

■dance  with  the  specifications  for  Class  B  Portland  cement  concrete. 

Division  B-i  of  these  specifications.) 

Slabs  having  an  area  of  more  than  36  sq.  ft.  or  having  any  dimension 
ber  than  6'  shall  be  reinforced  with  wire  fabric  or  with  plain  or  deformed 
The  cross-sectional  area  of  metal  shall  amount  to  at  least  0.041  sq.  in. 
ineal  foot.  The  reinforcement  shall  be  placed  upon  and  slightly  pressed 
the  concrete  base  immediately  after  the  base  is  placed.     Reinforcement 

not  cross  an  expansion  joint.  Where  joined  it  shall  be  lapped  sufficiently 
jvelop  the  full  strength  of  the  metal. 

The  wearing-surface  course  shall  be  mixed  in  the  manner  specified  for 

ig  Portland  cement  concrete  (see  Division  B-i)  and  shall  be  composed  of 
5  B  Portland  cement  mortar.      Both  the  Portland  cement  and  the  fine 

igate  used  shall  conform  to  the  requirements  of  these  specifications, 

ion  B-i.     The  mortar  shall  be  of  a  consistency  that  will  not  require 

ing,  but  which  can  easily  be  spread  into  position. 
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5.  The  wearing-surface  course  shall  have  a  minimum  thickness  of  1" 
shall  be  placed  immediately  after  mixing.  In  no  case  shall  more  thai 
min.  elapse  between  the  time  the  concrete  for  base  is  mixed  and  the  time 
wearing  course  is  placed. 

6.  After  the  wearing  course  has  been  brought  to  the  established  grac 
shall  be  worked  with  a  wooden  float  in  a  manner  that  will  thoroughly  c 
pact  it.  When  required,  the  surface  shall  be  troweled  smooth,  but  excej 
working  with  a  steel  trowel  shall  be  avoided.  The  slab  marking  shal 
made  in  the  wearing  course,  directly  over  the  joints  in  the  base,  with  a 
which  will  completely  separate  the  wearing  courses  of  adjacent  slabs. 

7.  If  excessive  moisture  occurs  on  the  surface,  it  must  be  taken  up  wi 
rag  or  mop,  and  in  no  case  shall  dry  cement  or  a  mixture  of  dry  cement 
sand  be  used  to  absorb  this  moisture,  or  to  hasten  the  hardening. 

8.  Prices  to  Cover.— The  cost  of  furnishing  and  preparing  the  material 
constructing  the  foundations  and  wearing  surface,  as  specified  abov 
subdivisions  a  and  b,  shall  be  included  in  the  contract  price  for  founds 
and  wearing  surface  of  two-course  sidewalks,  except  that  where  reinforcei 
is  required  additional  payment  shall  be  made,  at  the  contract  price 
reinforcement,  for  such  quantities  as  are  shown  on  the  plans  or  require 
written  order  of  the  engineer. 

c.  One-course  Walks. — The  general  requirements  of  the  specifical 
covering  two-course  walks  will  apply  to  one-course  walks  with  the  folio 
exceptions: 

1.  The  concrete  shall  be  Class  A  concrete,  as  specified  in  these  spec: 
tions,  Division  B-i,  Subdivision  d. 

2.  In  general,  one-course  walks  shall  be  laid  on  all  residential  streets. 

3.  The  thickness  of  one-course  walks  shall  be  not  less  than  4"  at 
section. 

4.  The  forms  shall  be  filled,  the  concrete  struck  off,  coarse  particles  fc 
back  from  the  surface,  and  the  work  finished  as  specified  under  two-c< 
walk,  Subdivision  b. 

5.  When  a  one-course  walk  is  to  be  reinforced  the  metal  shall  be  place 
from  the  finished  surface.  The  minimum  amount  of  metal  shall  be  as  s 
fied  under  two-course  walk. 

6.  Prices  to  Cover. — The  cost  of  furnishing  and  preparing  the  materia 
constructing  the  sidewalk,  as  specified  above  in  Subdivisions  a  and  c, 
be  included  with  contract  price  for  one-course  sidewalks,  except  that  v 
reinforcement  is  required  additional  payment  shall  be  made,  at  the 
tract  price  for  reinforcement,  for  such  quantities  as  are  required  by  wi 
order  of  the  engineer,  or  shown  on  the  plans. 

d.  Protection  of  Walks. — 1.  When  completed,   all  walks  shall  be 
moist  and  covered  with  canvas  or  boards  and  protected  from  traffic  an 
elements  for  at  least  3  days,  and  shall  not  be  opened  to  traffic  until  the 
neer  so  directs.      The  cost  of  such  protection  shall  be  included  in  the  con 
price  for  sidewalk  construction. 

2.  If,  at  any  time  during  the  progress  of  the  work  the  temperature  is, 
the  opinion  of  the  engineer  will  within  24  hrs.  drop  to  35°F.,  the  wate 
aggregate  used  in  preparing  the  concrete  shall  be  heated,  and  precau 
shall  be  taken  to  protect  the  work  from  freezing  for  at  least  5  davs.  ]  I 
case  shall  concrete  be  deposited  upon  a  frozen  subgrade  or  subbase. 
concrete  shall  be  laid  in  freezing  weather. 

Item  12. — Changing  Elevation  of  Manholes  and  Catch  Basins1 

a.  Work. — Under  this  item  the  contractor  shall  raise  or  lower,  tc| 
grades  given,  all  existing  covers  of  catch  basins  or  manholes. 

b.  Material. — All  changes  shall  be  made  with  acceptable  brick  la 
Portland  cement  mortar  of  1  part  cement  and  2  parts  concrete  sand. 

c.  Method. — All  work  shall  be  done  in  a  workman-like  manner  by  co  | 
tent  masons. 

d.  Measurement  and  Payment. — For  each  manhole  or  catch  basin  r 
or  lowered  as  directed  by  the  engineer,  the  contractor  shall  receive  the 
price  bid. 

The  price  bid  shall  cover  all  labor,  materials  (except  Portland  cem 
and  incidentals  necessary  to  complete  the,  work.  If  any  manhole  or  c; 
basin  heads  or  covers  are  broken  through  carelessness  on  the  part  o 
contractor,  they  shall  be  replaced  at  his  expense. 

1  New  York. 
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Item  7.     Pipe  Underdrain1 

Work. — Under  this  item  the  contractor  shall  furnish  and  lay,  at  his 
on,  porous  tile,  vitrified  clay,  or  concrete  pipe  wherever  required  for 
nage,  of  the  size  indicated  on  the  plans  or  in  the  itemized  proposal. 

Material. — 1.  Porous  tile  shall  be  whole  and  free  from  cracks  and  other 
jets  and  must  be  satisfactory  to  the  engineer. 

.  Vitrified  clay  pipe  shall  be  first-quality,  double-strength,  salt-glazed, 
id,  vitrified,  stoneware  pipe. 

Concrete  pipe  shall  be  first  quality  and  free  from  cracks  and  other 
cts,  and  must  be  satisfactory  to  the  engineer.  The  concrete  shall  con- 
of  a  mixture  of  1  part  Portland  cement,  2  parts  concrete  sand,  and  3 
s  of  broken  stone  or  screened  gravel  of  No.  1  size. 

Method. — The  pipe  shall  be  laid  true  to  line  and  grade  on  a  2"  bed  of 

2  size  stone,  gravel,  or  slag  and  shall  be  covered  as  laid  with  broken  stone, 
ened  gravel,  or  broken  slag,  placed  around  and  above  it  to  a  height  and 

manner  as  directed  by  the  engineer.  The  joints  shall  be  wrapped  with  a 
of  burlap  or  tar  paper  not  less  than  6"  wide  and  lapped  at  least  6"  on 

of  the  pipe. 
Measurement  and  Payment. — The  amount  to  be  paid  for  under  this 
shall  be  the  number  of  linear  feet  of  pipe  furnished  and  incorporated  in 

work. 

he  price  bid  shall  cover  all  labor,  materials,  and  incidentals  necessary  to 

plete  the  work,  except  that  the  necessary  excavation  will  be  paid  for 
r  the  item  Excavation,  and  the  necessary  broken  stone,  broken  slag,  or 

;ned    gravel    will    be    paid  for  under  the   items   Broken  Stone,   Loose 

surement,  Broken  Slag,  Loose  Measurement,  or  Screened  Gravel,  Loose 

surement. 

Item  10.     Relaying  Old  Pipe1 

Work. — Under  this  item  the   contractor  shall,   as  directed,  carefully 

Dve,  preserve,  haul,  and  relay  old  pipe  found  in  existing  culverts. 

he  old  pipe  when  relaid  shall  be  true  to  line  and  grade  and  have  a  full, 
even  bearing,  and  the  work  shall  be  in  every  way  the  same  as  if  new 
were  being  laid. 

sisting  pipe  in  good  condition  which  is  damaged  in  removing,  due  to  the 

lessness  of  the  contractor,  shall  be  replaced  with  new  pipe  at  the  Con- 
or's expense. 

sisting  pipe  which  is,  in  the  engineer's  judgment,  unfit  for  relaying  may 

estroyed  before  removing. 

Measurement  and  Payment. — The  amount  to  be  paid  for  under  this 
shall  be  the  number  of  linear  feet  incorporated  in  the  work.      New  pipe 

ished  to  replace  old  pipe  which  is  destroyed  through  the  carelessness  of 

contractor  shall  be  paid  for  as  if  the  old  pipe  had  been  preserved  and 

id. 

ie  price  bid  shall  cover  the  labor,  materials,  and  incidentals  necessary 
mplete  the  work,  except  that  the  excavation  necessary  will  be  paid  for 

ir  the  item  Excavation. 

Drop  Inlets1 

■op  inlets  shall  be  constructed  where  shown  upon  the  plans,  or  directed 

ie  engineer.     The  details  of  construction  shall  be  such  as  he  may  direct. 

lyment  for  drop  inlets  will  be  made  under  appropriate  items  at  the  con- 
price  for  the  materials  entering  into  their  construction;  that  is,  payment 

be  made  for  the  various  amounts  of  excavation,  concrete,  miscellaneous 

and  steel,  cast-iron  pipe,  Portland  cement,  etc.     Payment  under  these 

3  shall  cover  all  labor  and  materials  necessary  to  complete  the  work. 

Item  15.     Stone  Filling1 

Work. — Under  this  item  the  contractor  shall  furnish  and  place  accept- 
stone  or  either  quarry,  field,  or  cobblestone  on  slopes,  in  fills,  in  crib 
and  similar  work  as  required.  The  larger  stones  shall  be  properly 
sddedat  the  bottom  of  the  fill;  all  stones  shall  be  so  placed  as  to  make  a 
1  maximum  capacity. 

Measurement  and  Payment. — The  quantity  to  be  paid  for  under  this 
shall  be  the  number  of  cubic  yards  measured  in  its  final  position  and 
porated  in  the  work  as  directed  by  the  engineer.  The  price  stipulated 
cover  the  cost  of  obtaining  the  stone,  placing  and  all  materials  and 
lses  incidental  thereto,  except  that  the  excavation  necessary  will  be  paid 
nder  the  item  Excavation, 
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Item  16.     Rip-Rap1 

a.  Work. — Under  this  item  the  contractor  shall  furnish  and  place  rip 
for  slope  protection  where  shown  upon  the  plans  or  ordered  by  the  engir 

b.  Material. — Rip-rap  shall  consist  of  field  stone  or  rough,  unhewn  qu 
stones  as  nearly  cubical  in  form  as  is  practicable,  placed  upon  a  slope 
steeper  than  the  angle  of  repose,  and  so  laid  that  the  weight  of  the  1 
stones  is  carried  by  the  soil  and  not  by  the  stones  adjacent.  Fifty  per 
of  the  mass  shall  be  large  stones  of  2  cu.  ft.  or  more. 

The  largest  stones  shall  be  placed  first,  roughly  arranged  and  in  < 
contact;  the  stones  shall  rest  upon  a  6"  bed  of  stone  chips  or  gravel  or  0 
acceptable  porous  material,  where  ordered  by  the  engineer.  The  sp 
between  the  larger  stones  shall  be  filled  with  spalls  of  suitable  size. 

c.  Measurement  and  Payment. — The  quantity  of  rip-rap  to  be  paic 
under  this  item  shall  be  the  number  of  cubic  yards  placed  in  accordance 
the  plans  or  as  directed  by  the  engineer.  When  a  porous  bed  is  place 
accordance  with  the  directions  of  the  engineer,  the  quantity  of  the  same  ! 
be  included  in  the  quantity  of  rip-rap  and  paid  for  as  such. 

The  price  bid  shall  cover  all  labor,  materials,  and  incidental  expe 
necessary  to  complete  the  work  satisfactorily,  except  that  the  excava 
necessary  will  be  paid  for  under  the  item  Excavation. 

Item  18.     Timber  and  Lumber1 

a.  Work. — Uuder  this  item  the  contractor  shall  furnish  and  plao 
timber  and  lumber  of  various  sizes  as  may  be  ordered  for  sills  or  platft 
beneath  the  road,  for  culverts,  bridges,  reinforcing  existing  structures, 
for  other  similar  purposes  as  ordered  by  the  engineer. 

b.  Material. — Timber  and  lumber  shall  be  of  shortleaf  yellow  pin 
spruce  or  other  acceptable  kind,  sound,  square-edged,  free  from  sh; 
lose  knots,  or  decay,  and  shall  be  planed  and  framed  if  required. 

c.  Work  Not  Included. — No  payments  will  be  made  under  this  iten 
timber  or  lumber  for  forms,  molds,  or  centers,  for  sheeting  or  bracing, 
f  jlds,  fences,  guide  rails,  or  any  part  of  the  contractor's  temporary  bri< 
roads,  or  plant;  but  payment  for  timber  and  lumber  used  in  the  above  1 
shall  be  included  under  the  appropriate  items  covering  the  same. 

d.  Measurement  and  Payment. — The  quantity  of  timber  and  lumber 
paid  for  shall  be  the  number  of  thousand  feet,  board  measure,  act 
placed  in  accordance  with  orders  of  the  engineer.  If  any  round  timt 
used  it  shall  be  estimated  as  square  timber  of  the  largest  size,  omitting 
tions  of  an  inch,  which  can  be  inscribed  in  the  small  end  of  the  log. 

No  second-hand  timber  shall  be  used  except  with  the  approval  ol 
engineer.  The  price  bid  shall  cover  all  bolts,  spikes,  and  other  fastei 
and  all  other  material  and  expenses  incidental  of  furnishing,  framing, 
placing  the  timber  and  lumber  satisfactorily. 

Item  27.     Concrete  Curbing1 

a.  Work. — Under  this  item  the  contractor  shall  place  concrete  curbhi 
the  type  shown  on  the  plans,  where  shown  on  the  plans  or  ordered  b) 
engineer. 

b.  Material. — The  concrete  shall  consist  of  a  mixture  of  1  part  Porl 
cement,  2  parts  of  concrete  sand,  and  3  parts  of  broken  stone  or  sere 
gravel  measured  separately,  and  shall  be  mixed  in  accordance  with  the  ge: 
requirements  of  'Concrete  Masonry. 

The  aggregates  for  concrete  curbing  shall  meet  the  requirements  f 
in  the  detailed  specifications,  Materials  of  Construction. 

c.  Method  and  Forms. — Curbing  shall  be  molded  in  place  in  sec 
6'  long  and  provision  made  at  each  joint  for  expansion  of  2^". . 

All  forms  shall  be  set  true  to  line  and  grade  and  held  rigidly  in  posi 
They  shall  be  either  of  metal  or  of  acceptable  planed  and  matched  lun 
and  of  such  construction  that  a  smooth  surface  will  be  provided. 

The  forms  shall  be  left  in  place  until  the  concrete  has  set  sufficient! 
that,  in  the  opinion  of  the  engineer,  they  can  be  removed  without  it 
to  the  curbing.  The  curbing  shall  immediately  upon  the  removal  oi 
forms  be  rubbed  down  to  a  smooth  and  uniform  surface,  but  no  plastering 
be  allowed.     For  this  work  a  competent  and  skilful  finisher  shall  be  empk 

The  curbing  shall  be  covered,  immediately  after  finishing,  with  buria 
other  material  acceptable  to  the  engineer,  which  shall  be  kept  wet  i 
period  of  3  days. 
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Protection. — The  contractor  shall  protect  the  curbing  and  keep  it  in 
-class  condition  until  the  completion  of  the  contract.  Any  curbing 
|:h  is  damaged  at  any  time  previous  to  the  final  acceptance  of  the  work 
1  be  removed  and  replaced  with  satisfactory  curbing  at  the  contractor's 
mse. 

Measurement  and  Payment. — The  quantity  to  be  paid  for  under  this 

shall  be  the  number  of  linear  feet  placed  in  accordance  with  the  plans 
le  directions  of  the  engineer. 

tie  price  bid  for  concrete  curbing  shall  cover  the  furnishing  and  placing 
il  concrete,  tile,  porous  filling,  forms,  and  all  materials  (except  Portland 

nt),  labor,  and  incidental  expenses  necessary  to  complete  the  work, 
pt  that  the  excavation  necessary  will  be  paid  for  under  the  item 
ivation. 

Item  34.    Wooden  Guide  Railing1 

Work. — Under  this  item  the  contractor  shall  furnish  and  erect  wooden 
e  railing  of  the  type  indicated,  where  shown  on  the  plans  or  ordered  by 
engineer. 

Material. — The  posts  shall  be  of  seasoned  white  oak,  cedar,  locust, 

irack,  or  chestnut.      Posts  and  rails  shall  be  sound,  clear,  and  cut  from 

timber.      The  posts  shall  be  round,  at  least  6"  in  diameter  at  the  smaller 

after  the  bark  is  removed.      Posts  shall  be  shaved  to  even  surfaces  free 

bark   or  skin.    The  lower  part  of  the  posts  to  a  point  3'  from  the  top 

be  dipped  while  dry  in  suitable  bituminous  material  heated  to  a  tem- 

ure  of  300 °F.,  or  shall  be  charred  as  directed.     The  posts  if  dipped 

be  thoroughly  dry  before  being  set  in  the  ground, 
lils  shall  be  of  seasoned,  planed  spruce  or  yellow  pine  and  be  properly 

ed  to  the  posts,  all  in  a  workman-like  manner. 

hite  paint  used  under  this  item  shall  conform  to  the  specifications  under 
trials  of  Construction. 

Painting. — The  joints  of  the  rails  and  posts  shall  be  given  one  coat  of 
s  paint  before  being  put  together;  the  beveled  tops  of  posts  shall  receive 

leavy  coats  of  the  same.     The  entire  surface  exposed  above  the  ground 

receive  three  coats  of  white  paint.  No  paint  shall  be  applied  in  wet 
eezing  weather. 

Measurement  and  Payment. — The  quantity  of  wooden  guide  railing 
paid  for  under  this  item  shall  be  the  number  of  linear  feet  completed 
ace. 

e  price  bid  shall  cover  the  furnishing  and  erecting  of  all  posts  and  rail, 
xcavation,  painting,  dipping,  hardware,  and  all  expenses  and  incidentals 
;sary  to  complete  the  work. 

Item  35.     Cable  Guide  Railing1 

Work. — Under  this  item  the  contractor  shall  furnish  and  erect  guide 
.g  as  shown  on  the  standard  structure  sheet  at  such  places  as  indicated 
e  plan  or  as  otherwise  directed  by  the  engineer. 

■etches  of  guide  railing  more  than  500'  in  length  shall  have  two  inter- 
ate  anchors  for  each  500'  stretch  or  fraction  thereof. 
Material. — The  posts  shall  be  made  of  concrete  consisting  of  1  part  of 
and  cement,  2  parts  of  concrete  sand,  and  3  parts  of  crushed  stone  or 
aed  gravel,  all  measured  loose  bulk  in  boxes  or  forms  of  known  capacity, 
posts  shall  be  reinforced  as  shown  on  the  standard  structure  sheet  with 
:ated  steel  bars  meeting  all  the  requirements  of  the  Standard  Specifica- 
of  the  A.S.T.M.  Serial  Designation  A-15-14  or,  at  the  contractor's 
l,  with  steel  fabric  meeting  all  requirements  of  the  Standard  Specifica- 
of  the  A.S.T.M.  Serial  Designation  A-82-2-1T. 

exposed  surfaces  shall  be  finished  true  to  line.  No  plastering  of  any 
:e  will  be  permitted. 

er  erection,  all  exposed  surfaces  of  the  post  shall  receive  a  uniform 
:ation  of  a  solution  consisting  of  8  lb.  of  zinc  sulphate  to  1  gal.  of  water, 
ipplication  shall  be  permitted  to  set  for  at  least  48  hr.,  after  which  the 

when  perfectly  dry,  shall  receive  two  coats  of  white  paint  meeting  the 
ements  under  Materials  of  Construction, 
ole  shall  be  three-strand,  seven-wire-to-the-strand,    double-galvanized 
wire  cable  of  %"  diameter.     Individual  wires  shall  be  not  less  than 
"  diameter. 

minimum  tensile  strength  of  the  rope  shall  be  15,000  lb. 
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Each  wire  of  the  cable  and  all  fittings  and  fastenings,  except  thre 
portions,  shall  be  galvanized  by  the  hot-dip  method  and  shall  have  a 
tinuous  coating  of  pure  zinc  of  a  uniform  thickness,  so  applied  that  it 
adhere  firmly  to  the  surface  of  the  wire,  and  it  shall  be  capable  of  withst 
ing  four  immersions  in  a  standard  testing  solution  of  copper  sulphate  wit 
showing  any  trace  of  metallic  copper  on  the  steel.  The  first  three  immer 
shall  be  for  a  period  of  i  min.  each  and  the  fourth  immersion  for  a  peri' 
J^  min. 

The  threaded  portions  of  all  fittings  and  fastenings  shall  have  a  con 
ous  coating  of  pure  zinc  of  a  uniform  thickness,  so  applied  that  it  will  at 
firmly  to  the  surface  of  the  thread,  and  it  shall  be  capable  of  withstanding 
immersions,  of  I  min.  each,  in  a  standard  testing  solution  of  copper  suhj 
without  showing  any  trace  of  metallic  copper  on  the  steel. 

These  threaded  portions  shall  receive,  after  erection,  two  coats  of  a'. 
num  paint  meeting  the  requirements  under  Materials  of  Construction. 

c.  Measurement  and  Payment. — The  quantity  of  guide  railing  to  be 
for  under  this  item  shall  be  the  number  of  linear  feet  outside  to  outsi 
posts,  completed  in  place,  as  shown  on  the  plans  or  as  directed  by  the  engi 

The  price  bid  shall  cover  the  furnishing  and  placing  of  all  mat 
the  excavation,  backfilling,  and  all  other  labor  and  incidental  expenses  r 
sary  to  complete  the  work  satisfactorily. 

Item  36.     Concrete  Guide  Posts1 

a.  Work  and  Material. — Under  this  item  the  contractor  shall  furnisl 
erect  concrete  posts  conforming  to  the  requirements  of  Item  35. 

After  erecting,  all  exposed  surfaces  of  the  posts  shall  receive  a  un 
application  of  a  solution  consisting  of  8  lb.  of  zinc  sulphate  to  1  gal.  of  v 
This  application  shall  be  permitted  to  set  for  at  least  48  hr.,  after  whic 
posts,  when  perfectly  dry,  shall  receive  two  coats  of  white  paint,  meetir 
requirements  under  Materials  of  Construetion. 

These  posts  shall  be  erected  and  spread  as  directed  b}r  the  engineer. 

b.  Measurement  and   Payment. — The  number  of  concrete   guide 
to  be  paid  for  under  this  item  shall  be  the  number  erected  in  accordance 
the  plans  and  orders  of  the  engineer. 

The  price  bid  shall  cover  furnishing  and  placing  of  all  materia 
excavation,  backfilling,  and  all  labor  and  incidental  expenses  necessa 
complete  the  work  satisfactorily. 

Item  57.     Removing  Old  Bituminous  Carpet1 

a.  Work. — Under  this  item  the  contractor  shall  remove  the  old  bituir 
carpet  as  shown  on  the  plans  or  as  directed  by  the  engineer. 

b.  The  loosened  bituminous  material  shall  be  immediately  removed 
the  payment  and  deposited  as  directed  by  the  engineer. 

c.  Measurement  and  Payment. — The  quantity  to  be  paid  for  unde 
item  shall  be  the  number  of  square  yards  of  bituminous  carpet  remo^ 
accordance  with  the  plans  or  as  directed  by  the  engineer. 

d.  The  price  bid  shall  cover  all  labor,  appliances,  and  incidental  ext 
necessary  thereto. 

Item  58M.     Cleaning  Existing  Pavement  (Per  Mile);  Item  58Y.  Cle 
Existing  Pavement  (Per  Mile)  1 

a.  Work. — The  purpose  of  the  work  called  for  under  this  item  is  to  pi 
the  existing  pavement  for  the  application  of  a  new  top  course  or  a  w< 
carpet. 

b.  Method. — Under  this  item  the  contractor  shall  clean  the  existing 
ment  by  the  use  of  hand  brooms  or  by  the  use  of  mechanical  sweep 
approved  type,  as  directed  by  the  engineer,  so  as  to  uncover  but  not  di: 
the  embedded  stones  of  the  pavement. 

All  mud,  dust,  and  other  dirt  so  swept  off  shall  then  be  remoyei 
deposited  in  such  places  and  in  such  manner  as  the  engineer  may  dire 

c.  Ruts. — Ruts  and  depressions  of  a  greater  depth  than  1"  belo' 
general  surface  of  the  pavement  shall  be  swept  out  by  hand  brooms  ur 
loose  material  has  been  removed  and  the  embedded  stones  are  uncove 

The  operation  of  cleaning  out. the  ruts  and  depressions  and  filling 
with  thoroughly  compacted  stone  or  slag  and  binder  to  the  general  le 
the  surface  shall  immediately  follow  the  general  operation  of  cleanir 
surface. 
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Measurement  and  Payment. — The  price  bid  shall  include  all  labor, 
Is,  appliances,  the  removal  of  material  cleaned  from  the  surface,  and  all 
er  expenses  incidental  thereto. 

lie  amount  to  be  paid  for  under  this  item  shall  be  the  actual  quantity  of 
;ting  pavement,  cleaned  in  accordance  with  the  above  and  to  the  satis- 
;ion  of  the  engineer. 

Item  59.    Scarifying  and  Reshaping  Old  Macadam1 

.  Purpose. — The  purpose  of  the  work  under  this  item  is  to  prepare  old 
:adam  pavement  for  the  application  of  a  top  course. 
Work. — Under  this  item  the  contractor  shall  thoroughly  scarify  the 

macadam,  by  hand  picking  or  by  means  of  a  mechanical  scarifier  of 
roved  type.  When  a  roller  with  spiked  wheels  is  used  the  macadam  must 
'urther  broken  by  hand  picking,  or  plowing  and  harrowing, 
"he  loosened  stones  shall  then  be  forked  or  raked  over  as  directed  by  the 
ineer,  after  which  the  macadam  shall  be  compacted  by  rolling  with  a 
-propelled  roller  weighing  not  less  than  10  tons  until  an  even  and  firm 
'ace  is  produced,  after  which  coarse  gravel  or  screenings  shall  be  used  to 
all  voids.      If  necessary  in  order  to  compact  the  stones  satisfactorily,  the 

adam  shall  be  sprinkled  during  the  process  of  rolling  and  filling. 
Measurement  and  Payment. — The  quantity  to  be  paid  for  under  this 
1  shall  be  the  actual  number  of  square  yards  scarified,  reshaped,  rolled, 
led,  and  compacted  to  the  satisfaction  of  the  engineer,  and  the  price  bid 
1  cover  the  furnishing  of  the  necessary  filler  and  all  labor,  appliances, 

expenses  incidental  thereto. 

Item  34 — Guide  Signs 

4.1.  Under  this  item  the  Contractor  shall  furnish  and  erect  guide  signs 
he  type  indicated  where  shown  upon  the  plans  or  ordered  by  the  Engineer. 

4 . 2.  Permanent  guide  signs  shall  be  for  the  purpose  of  furnishing  perma- 
t  directions  to  traffic  after  the  completion  of  the  contract.  Permanent 
le  signs  shall  be  constructed  of  kiln  dried  white  pine  and  of  the  dimensions 
wn  on  the  plans.  They  shall  first  be  given  four  coats  of  white  lead  mixed 
1  linseedoil.  After  the  last  coat  has  become  thoroughly  dried  the  letters 
[1  be  painted  with  black  enamel  paint,  and  when  this  is  thoroughly 
they  shall  be  given  one  coat  of  the  finest  white  shellac. 

$.3.  Temporary  guide  signs  shall  be  for  the  purpose  of  guiding  traffic 
lg  a  detour  _  during  construction.  Temporary  guide  signs  shall  be 
tructed  of  kiln  dried  white  pine  and  of  the  dimensions  shown  on  the 
s.  They  shall  first  be  given  three  coats  of  white  lead  mixed  with  linseed 
After  the  last  coat  has  become  thoroughly  dried  the  letters  shall  be 
ited  with  black  enamel  paint. 

t.4.  The  number  of  guide  signs  to  be  paid  for  under  this  item  shall  be 
number  of  signs  placed  in  accordance  with  the  plans  and  ordered  by  the 
ineer.  All  signs  become  the  property  of  the  State  upon  payment  for  this 
1. 
%  he  price  bid  shall  include  the  furnishing  of  all  labor  and  materials  neces- 
to  satisfactorily  erect  permanent  guide  signs  on  sign  posts  and  temporary 
^e  signs  including  sign  posts,  each  guide  sign  complete  in  place. 

Item  35 — Highway  Number  Signs 

,  1.     Under  this  item  the  Contractor  shall  paint  on  the  concrete  sign 
highway  number  signs  of  the  type  indicated  where  shown  upon  the 

s  or  ordered  by  the   Engineer. 

.2.     Highway  number  signs  shall  be  painted  on  all  concrete  sign  posts 
letters  which  shall  first  be  formed  of  two  coats  of  flat  black  mixed  in  oil 

afterward  retraced  with  black  enamel. 

.3.     The  number  of  highway  number  signs  to  be  paid  for  under  this 

shall  be  the  number  placed  in  accordance  with  the  plans  and  ordered 

he  Engineer. 

ie  price  bid  shall  include  the  furnishing  of  all  labor  and  materials  to 

factorily  complete  the  work. 
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Item  36 — Danger  Signs 


36.1.  Under  this  item  the  Contractor  shall  furnish  and  erect  da 
signs  where  shown  upon  the  plans  or  ordered  by  the  Engineer.  T 
shall  be  of  the  type  called  for  by  the  plans. 

<  36 . 2.  Danger  signs  shall  be  constructed  of  a  material  and  pai: 
similar  to  that  specified  for  guide  signs  and  shall  be  of  the  dimensions 
lettered  as  shown  on  the  standard  plans.  These  signs  shall  be  placec 
the  standard  concrete  sign  posts  and  set  at  an  angle  of  forty-five  deg 
to  the  center  line.  When  the  standard  sign  is  used  the  arrow  shall  poii 
the    direction   of   the    danger. 

36.3.  The  number  of  completed  danger  signs  for  which  the  Contra 
will  receive  payment  will  be  the  number  placed  in  accordance  with  the  p 
and  ordered  by  the  Engineer. 

The  price  bid  shall  include  the  furnishing  of  all  labor  and  materials  nt 
sary  to  complete  each  danger  sign  in  a  satisfactory  manner. 

Item  37 — Concrete  Sign  Posts 

37.1.  Under  this  item  the  Contractor  shall  furnish  and  erect  com 
sign  posts  of  the  type  indicated,  where  shown  upon  the  plans  or  ordere 
the  Engineer. 

37.2.  Concrete  sign  posts  shall  be  made  of  first-class  concrete  and  o 
dimensions  and  materials  shown  on  the  standard  plans.  To  these  ] 
shall  be  securely  fastened  guide  boards  and  signs. 

37  .3.  The  number  of  completed  concrete  sign  posts  to  be  paid  for  u 
this  item  shall  be  the  number  erected  in  accordance  with  the  plans 
ordered  by  the  Engineer. 

The  price  bid  shall  include  all  concrete,  reinforcement,  forms,  excavs 
and  backfill,  and  the  furnishing  of  all  other  labor  and  materials  nece; 
to  complete  each  concrete  sign  post  in  a  satisfactory  manner. 

LOOSE  STONE 

Item  38 — Screened  Gravel — Loose  Measure 

Item  39 — Broken  Stone — Loose  Measure 

38.1.  Under  these   items   the    Contractor   shall   furnish   and   place 
the  road,  as  directed  by  the  Engineer,  broken  stone  and  gravel   of  the 
designated  on  the  Itemized  Proposal.     This  stone  and  gravel  will  be 
for  general  repair  work  and  for  miscellaneous  work. 

38.2.  The  stone  or  gravel  delivered  shall  be  of  approved  quality  and 
conform  to  the  general  requirements  for  broken  stone  and  gravel,  and 
shall  be  of  the  sizes  ordered. 

38.3.  The  quantity  to  be  paid  for  under  Items  38  and  30  respect 
shall  be  the  quantity  of  broken  stone  or  gravel  furnished  and  delivered  o 
work  at  the  places  and  in  the  condition  specified  by  the  Engineer.  "\ 
the  material  is  produced  by  the  contractor  on  the  work,  it  shall  be  mea; 
in  cubic  yards;  it  shall  be  measured  in  tons  of  2000  lbs.  when  the  mater 
imported  and  the  weight  is  obtainable  from  reliable  sources  such  as  cer 
quarry  or  railroad  figures. 

The  price  bid  shall  include  furnishing  and  delivering  the  stone  org 
as  directed  by  the  Engineer  and  all  labor,  appliances  and  expenses  incid 
thereto;  also  the  spreading,  rolling  or  incorporating  of  the  stone  or  g 
in  the  work,  when  required  by  the  Engineer. 

BRIDGES  AND  CULVERTS 
Item    83.    Timber  Structures 

83.1.  Description. — All  timber  structures  shall  be  built  as  indicated  01 
plans,  conforming  to  line,  grade,  dimensions,  and  design  shown  and  in  ao 
ance  with  the  specifications  for  piling,  concrete,  untreated  timber,  tn 
timber,  and  other  pay  items  which  are  to  constitute  the  complete  struc 

83.2.  Material. — (1)  All   timber   shall    be   sound,    sawed   standard 
straight,  out  of  wind,  and  shall  be  free  from  defects,  such  as  decay,  v 
holes,    injurious   shakes,    checks,  and  crooked,  cross,  or  spiral  grain,  L 
loose,  or  unsound  knots,  knots  in  groups,  large  pitch  pockets,  or  other  de 
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t  might  impair  its  strength  and  durability.  Unless  otherwise  specified, 
ne  may  show  on  only  one  corner  of  a  piece.  Wane  shall  not  exceed  one- 
f  the  length  of  the  piece  nor  measure  more  than  1"  across  the  face  of  the 
tie.      Not  more  than  10%  of  the  pieces  of  one  size  may  show  any  wane. 

3.3.  (2)  Standard  size  and  dressing.  Rough  timbers  sawed  to  "standard 
"  shall  be  interpreted  to  mean  that  sawn  rough  timber  shall  not  be  over 
scant  from  actual  size  specified.     For  instance,  a  12  by  12"  timber  shall 

isure  not  less  than  11%  by  11%".  "Standard  dressing"  shall  be  inter- 
ted  to  mean  that  not  more  than  %"  shall  be  allowed  for  dressing  each 
"ace.  For  instance,  a  standard  12  by  12"  timber,  dressed  four  sides,  shall 
isure  not  less  than  11M  by  n^"-. 

3.4.  (3)  All  timber  shall  be  classified  as  "dense,"  or  "sound,"  and  as 
eated"  or  "untreated." 

3.5-  (4)  "  Sound  timber"  shall  meet  all  the  requirements  set  forth  above 
I  may  be  used  for  columns,  sills,  wheel  guards,  bulkhead  sheeting,  and 
cing. 
t3-6.  (5)  "Dense  timber"  shall  be  required  for  truss  members,  floor 
ms,  stringers,  caps,  and  flooring.  Dense  timber  shall  meet  all  the  require- 
rts  set  forth  above  and  shall  be  classified  as  follows:  (a)  Dense  timber  of 
deaf  pine,  shortleaf  pine,  and  Cuban  pine;  (b)  dense  timber  of  coast  region 
glas  fir;  and  (c)  dense  timber  of  other  species. 

j.7.  a.  Dense  timber  of  longleaf  pine,  shortleaf  pine  and  Cuban  pine  shall 
w  at  one  end  or  the  other  an  average  of  at  least  six  annual  rings  per  inch 

at  least  one-third  summerwood,  all  measured  over  the  third,  fourth,  and 
.  inches  on  a  radial  line  from  the  pith.  Wide-ringed  material  excluded 
this  rule  shall  be  acceptable,  provided  the  amount  of  summerwood  as 
■ve  measured  shall  be  at  least  one-half.  The  contrast  in  color  between 
merwood  and  springwood  shall  be  sharp,  and  the  summerwood  shall  be 
c  in  color  except  in  pieces  having  more  than  one-half  summerwood. 
$.8.  In  cases  where  timbers  do  not  contain  pith  and  it  is  impossible  to 
te  it  with  any  degree  of  accuracy,  the  above  inspection  shall  be  made 
•  3"  in  an  approximate  radial  line  beginning  at  the  edge  nearest  the  pith 
.mbers  over  3"  in  thickness,  and  in  the  second  inch  of  the  piece  nearest  to 
pith  in  timbers  3"  or  less  in  thickness. 

$.9.  In  dimension  material  containing  the  pith  but  not  a  5"  radial  line, 
:h  is  less  than  2  by  8"  in  section,  or  less  than  8"  in  width,  that  does  not 
v  over  16  sq.  in.  on  the  cross-section,  the  inspection  shall  apply  to  the 
nd  inch  from  the  pith.     In  larger  material  that  does  not  show  a  5"  radial 

the  inspection  shall  apply  to  the  third  inch  farthest  from  pith. 

.10.  b.  Dense  timber  of  coast  region  Douglas  fir  shall  be  strong  timber  of 
ium  rate  of  growth  and  show  on  one  end  or  the  other  an  average  of  at  least 
nnual  rings  per  inch,  and  at  least  one-third  summerwood  measured  over 
n  a  line  located  as  hereinafter  described.  Wide-ringed  material,  excluded 
his  rule,  shall  be  acceptable,  provided  the  amount  of  summerwood  as 
re  measured  shall  be  at  least  one-half.  Material  in  which  the  proportion 
immerwood  is  not  clearly  discernible  shall  not  be  used. 
3.1 1.  When  the  least  dimension  is  5"  or  more,  the  pith  being  present,  the 
over  which  the  rate  of  growth  and  percentage  of  summerwood  measure- 
ts  shall  be  made  shall  run  from  the  pith  to  the  corner  farthest  from  the 
The  3"  line  shall  begin  at  a  distance  from  the  pith  equal  to  2"  less 

one-half  the  least  dimensions  of  the  piece. 
.12.  For  all  pieces  not  having  the  pith  present,  the  center  of  the  3"  line 

be  at  the  center  of  the  end  of  the  piece,  and  the  direction  of  the  3"  line 

be  at  right  angles  to  the  annual  rings. 

13.  If  a  radial  line  of  3"  cannot  be  obtained,  the  measurement  shall  be 
:  over  the  entire  radial  line  that  is  available. 

14.  c.  Dense  timber  of  other  species.  Other  species  of  timber  for  truss 
bers,  floor  beams,  caps,  and  flooring  shall  be  strictly  first  quality. 

15.  (6)  Untreated  Timber. — For  designs  based  on  a  fiber  stress  in 
ing  of  1500  to  1600  lb.  per  square  inch,  one  of  the  following  species  of 
er  shall  be  used: 

Douglas  fir  from  Pacific  coast  region. 
Longleaf  pine. 
Cuban  pine. 
White  oak. 

16.  Heart  Requirement. — All  untreated  timber  shall  show  at  least 
heartwood  on  any  girth. 
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83.17-   (7)   Treated  Timber. — Timber  treated  by  a  pressure  method 
retain  8  to  12  lb.  of  oil  per  cubic  foot,  as  hereinafter  specified,  and  so  trea 
that  all  sapwood  is  entirely  impregnated  with  creosote  oil,  shall  fulfil 
requirements  for  untreated  timber  except  that  there  shall  be  no  heartw 
requirement. 

83.18.  For  designs  based  on  a  fiber  stress  in  bending  of  1500  to  1600 
per  square  inch,  one  of  the  following  species  of  timber  shall  be  used: 

Douglas  fir  from  Pacific  coast  region. 
Longleaf  pine. 
Cuban  pine. 
Sbortleaf  pine. 
White  oak. 

83.19.  Preservation  Treatment. — Timber  to  be  treated  for  preserva 
shall  be  cut  and  framed  prior  to  treatment.  After  treatment  no  unneces: 
cutting  of  treated  piles  or  timber  will  be  allowed. 

83.20.  The  range  of  pressure,  temperature,  and  time  duration  shal 
controlled  so  as  to  result  in  maximum  penetration  by  the  quantity  of  pre 
vative  injected,  which  shall  permeate  all  of  the  sapwood  and  as  much  of 
heartwood  as  practicable. 

83.21.  The  amount  of  preservative  and  manner  of  treatment  shall  b 
indicated  on  the  plans  and  shall  fulfil  the  following  requirements: 

Timber  shall  be  treated  with  the  preservative  specified  by  any  stan< 
full-cell  process  to  retain  not  less  than  12  lb.  of  the  preservative  per  cubic, 
or  by  any  standard  empty-cell  process  to  retain  not  less  than  8  lb.  of 
preservative  per  cubic  foot,  except  Douglas  fir,  which  shall  be  treate> 
retain  not  less  than  10  lb.  by  any  standard  full-cell  process  or  6  lb  by 
standard  empty-cell  process. 

83.22.  The  preservative  shall  be  one  of  the  following  grades  of  crec 
oil  or  creosote  coal-tar  solution  as  directed  by  the  engineer,  or  indicate 
the  plans,  and  shall  meet  the  following  requirements: 


Creosote  oil 


Grade 
1 


Grade 
2 


Grade 
3 


Creos 
coal-1 
soluti 


It  shall  not  contain  water  in  excess 
of 

It  shall  not  contain  matter  insolu- 
ble in  benzol  in  excess  of 

Specific  gravity  of  oil  at  38/i5.5°C. 
shall  not  be  less  than 

The  distillate  based  on  water-free 
oil  shall  be  within  the  following 
limits  up  to  2io°C,  not  more 
than 

Up  to  235°C,  not  more  than 

The  float  test  of  residue  above 
355°C.  shall  not  exceed  50  sec.  at 
70°C.  if  the  distillation  residue 
above  355°  exceeds 

Coke  residue  of  oil  not  more  than  .  .  . 


3  % 

0.5% 

1.03 


5% 
25  % 


5  % 
2    % 


3% 

0.5% 

I.03 


8% 
35  % 


5  % 
2   % 


3  % 

o.S  % 

1.03 


10  % 
40% 


2   % 


The  foregoing  tests  shall  be  made  in  accordance  with  Standard  Metho 
A.S.T.M.  Designation  D38-18. 

83.23.  Method  of  Construction. — Treated  timber  shall  be  care 
handled  without  sudden  dropping,  breaking  of  outer  fibers,  bruisin; 
penetrating  the  surface  with  tools.  It  shall  be  handled  with  rope  si 
Cant  dogs,  hooks,  or  pike  poles  shall  not  be  used. 

83.24.  All  places  where  the  surface  of  treated  timber  is  broken  by  cut 
boring,  or  otherwise  shall  be  thoroughly  coated  with  hot  creosote  oil 
then  with  a  coating  of  hot  tar  pitch. 

83.25.  Pile  caps  shall  be  level  and  have  full  even  bearing  on  all  pil 
the  bent  and  be  secured  to  each  pile  a  %"  diameter  drift  bolt  extendii 
least  9"  into  the  pile. 
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3.26.  Truss  and  bent  timbers  shall  be  accurately  cut,  and  framed  to  a 
e  fit  in  such  manner  that  they  will  have  even  bearing  over  the  entire  con- 
surface  of  the  joint.      No  blocking  or  shimming  of  any  kind  will  be 

wed  in  making  joints,  nor  will  open  joints  be  accepted.  Mortises  shall 
rue  to  size  for  their  full  depth  and  tenons  shall  make  smig  fit  therein. 

3.27.  All  bolt  holes  shall  be  bored  with  an  augur  Me"  smaller  in  diameter 
a  the  bolt.      Mortises  and  tenons  shall  be  "draw  bored." 

3.28.  Stringers  shall  be  sized  at  bearings.  Outside  stringers  may  have 
b  joints  but  interior  stringers  shall  be  framed  to  bear  over  the  full 
th  of  floor  beam  or  cap  at  each  end.  The  ends  shall  be  separated  at 
t  J6"  for  the  circulation  of  air  and  shall  be  securely  fastened  to  the  timber 
vhich  they  rest. 

/here  width  of  stringers  is  less  than  one-third  of  the  depth,  then  two  lines 
by  4  bracing  placed  at  quarter  points  of  span  shall  be  used. 

3.29.  Roadway  floor  plank  shall  have  a  nominal  thickness  of  either  4 
;"  as  specified,  and  an  actual  width  of  not  less  than  9M"-  Sidewalk  floor 
ik  shall  be  surfaced  to  uniform  thickness.  It  shall  have  an  actual  mini- 
n  width  of  sM"  and  thickness  of  i%". 

$.30.  All  floor  plank  shall  be  laid  heart  side  down  with  M"  openings  and 
piked  to  each  stringer  or  nailing  strip  with  at  least  two  7"  spikes  for  4" 
ik  and  two  6"  spikes  for  3"  plank.  Rough  plank  shall  be  carefully 
led  as  to  thickness  before  laying,  and  be  laid  so  that  no  two  adjacent 
Jcs  vary  in  thickness  more  than  Me"-  All  floors  shall  be  cut  to  a  straight 
along  the  sides  of  the  roadway  and  walkway. 

1.31.  Wheel  guards,  as  shown  on  the  plans,  shall  be  constructed  on  each 
of  the  road.     They  shall  be  raised  from  the  floor  by  blocks  3"  thick  by 

mg,  spaced  about  5'  apart,  center  to  center,  and  shall  be  fastened  in  place 
y%"  bolt  passing  through  the  wheel  guard,  each  block  and  floor  plank. 

1.32.  Railings  shall  be  built  in  accordance  with  the  designs  shown  on 
plans,  and  shall  be  constructed  in  a  workman-like  and  substantial  manner. 
;ss  otherwise  noted,  all  railing  material  shall  be  dressed  on  four  sides. 

j. 33.  Pins  may  be  turned,  or  split  and  drawn,  from  clear  sound  wood  of 
kind  specified  on  the  plans.  They  shall  be  made  6"  longer  than  the 
ired  finished  length,  and  when  driven  into  place  shall  have  their  ends 
;d  off  flush  with  the  surface  of  the  member. 

34.  Turned  pins  shall  be  made  from  square  stock  sawed  parallel  to  the 
One  end  shall  be  left  square  for  about  1"  and  the  other  shall  have  a 
point.      The  body  of  the  pin  shall  be  uniform  in  diameter  and  Me"  larger 

the  diameter  of  the  hole.  The  finished  pins  shall  be  free  from  knots, 
;  holes,  pockets,  splits,  or  flaws  which  might  impair  their  strength. 
t.35.  Split  and  drawn  pins  shall  be  made  from  straight-grained  green 
Der  and  be  allowed  to  season.  One  end  shall  be  hardened  and  pointed  by 
ring.  They  shall  be  octagonal  in  shape,  and  when  seasoned,  the 
leter  between  parallel  faces  shall  be  the  same  as  the  diameter  of  the 
s  in  which  they  are  to  be  driven. 

;.36.  Bolts  shall  be  of  the  sizes  specified  and  must  be  perfect  in  every 
ct.  They  shall  have  square  heads  and  nuts,  and  screw  threads  shall 
e  close  fits  in  the  nuts.     All  bolts  shall  be  effectually  checked  after  the 

are  adjusted. 

,.37.  Washers  shall  be  used  between  all  bolt  heads  and  nuts,  and  the 
i.  Cast  washers  shall  have  a  thickness  equal  to  the  diameter  of  the  bolt 
a  diameter  of  four  times  the  thickness.  For  plate  washers,  the  size  of 
square  shall  be  equal  to  four  times,  and  the  thickness  equal  to  one-half 
iiameter  of  the  bolt. 

.38.  Painting  Treated  Timbers. — Hot  creosote  oil  shall  be  poured  into 
bolt  hole  before  the  insertion  of  the  bolts,  in  such  a  manner  that  the 
-  -e  surface  of  the  holes  shall  receive  a  coating  of  the  oil.  After  the 
ssary  cutting  has  been  done  to  receive  the  cap,  the  heads  of  piles  shall 
iven  three  coats  of  hot  creosote  oil.      They  shall  then  be  covered  with  a 

of  hot  tar  pitch  over  which  shall  be  placed  a  sheet  of  three-ply 
ng  felt  or  galvanized  iron,  or  a  covering  may  be  built  up  of  alternate 
rs  of  hot  tar  pitch  and  loose  woven  fabric  similar  to  membrane  water- 
fing,  using  four  layers  of  pitch  and  three  of  the  fabric.  The  cover  shall 
sure  at  least  6"  more  in  each  dimension  than  the  diameter  of  the  pile,  and 

be  bent  down  over  the  pile  and  the  edges  fastened  with  large-headed 
,    or    secured    by    binding    with  galvanized  wire.     After  the  cover   is 
ace  the  cap  shall  be  placed  and  drift  bolted  as  prescribed  above. 
.39.  Painting  Untreated   Timbers. — In   structures  of  untreated  timber 
following    surfaces   shall   be  thoroughly   coated   with   a   thick   coat   of 
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red  lead  paint,  hot  tar,  hot  asphaltum,  or  hot  coal-tar  creosote  be 
assembling:  Heads  of  piles,  end,  tops,  and  all  contact  surfaces  of 
caps,  floor  beams,  and  stringer  ends,  joints  and  all  contact  surfaces  of  t 
members,  laterals,  and  braces.  The  back  face  of  bulkheads  and  all  o 
timber  in  contact  with  earth  shall  be  thoroughly  coated  with  one  of 
materials  specified  above,  or  a  carbolineum. 

83.40.  Unless  otherwise  specified,  railings  shall  be  made  of  untrei 
dressed  lumber  and  shall  be  painted  with  three  coats  of  paint  compose 
75  %  pure  lead  and  25  %  zinc  white  by  weight,  mixed  in  pure,  raw  linseed 
Turpentine  drier  shall  be  added  to  the  paint  in  the  average  proportion 
%  pt.  of  dryer  to  1  gal.  of  paint. 

83.41.  All  bolts  passing  through  non-resinous  wood  shall  be  painted  \ 
two  coats  of  red  lead  paint  at  least  85  %  pure. 

83.42.  Design  Details. — Features  of  loading  are  prescribed  under  de 
details  for  steel  structures.     Unit  stresses  shall  be  as  shown  on  plans. 

83.43.  Method  of  Measurement. — "Treated  timber"  and  "untret 
timber"  complete  in  place  according  to  the  plans  and  these  specificat 
shall  be  measured  separately  by  the  thousand  feet  board  measure.  Meas 
ments  shall  be  computed  from  the  dimensions  shown  on  plans,  unless  chai 
in  such  dimensions  have  been  authorized  by  the  engineer.  "Standa 
timber  sizes  shall  be  used  in  computations.  This  measurement  shall  inc 
only  such  timber  as  is  a  part  of  the  completed  and  accepted  w 
and  shall  not  include  timber  used  for  erection  purposes,  such  as  falsew 
forms,  bracing,  sheeting,  etc.  Any  piling,  concrete,  masonry,  or 
supplementary  floor  wearing  tops  shown  on  plans  will  be  measurec 
provided  in  pertinent  specifications. 

83.44.  Basis  of  Payment. — Timber  structures  complete  in  place  shal 
paid  for  by  the  quantities  as  above  measured  at  the  contract  unit  price 
thousand  feet  board  measure  bid  for  "tmtreated  bridge  timber"  or  "tre; 
bridge  timber,"  as  the  case  may  be,  complete  in  place  according  to  the  p 
or  as  directed  by  the  engineer,  which  prices  shall  be  full  compensation  fo 
materials,  hardware,  equipment,  tools,  labor,  painting,  preservative  tt 
ment,  and  all  incidentals  necessary  to  complete  the  structure  ready  for 
provided,  however,  that  piling,  concrete,  masonry,  and  supplementary  \ 
wearing  tops  shown  on  plans  shall  be  paid  for  as  provided  in  perti: 
Specifications. 

MAINE  STATE  HIGHWAY  COMMISSION,  BRIDGE  DIVISION 

Soils 

1.  Soils. — a.  The  soils  constituting  the  foundation  materials  upon  w 
bridge  abutments,  piers,  retaining  walls,  etc.,  are  commonly  placed  are 
the  purpose  of  these  specifications,  divided  as  follows: 

1.  Solid  rock. 

2.  Loose  rock. 

3.  Earth. 

2.  Solid  Rock. — a.  All  hard-rock  material  existing  in  generally  *i 
masses,  which-  from  the  nature  of  its  structure  cannot  be  removed  fron  I 
location  without  being  drilled  and  blasted  or  otherwise  broken  into  f  | 
ments,  shall  constitute  solid  rock. 

3.  Loose  Rock. — a.  All  rock  material  existing  in  generally  broken  f  I 
ments  by  reason  of  having  been  separated  by  natural  means  into  fragmj 
which  are  removable  from  their  locations  by  the  use  of  pickaxs  and  a  I 
bars  shall  constitute  loose  rock.  The  drilling  and  blasting  of  loose  roc  I 
facilitate  its  removal  shall  not  be  construed  as  giving  to  it  the  classifica  | 
of  solid  rock. 

4.  Earth. — a.  All  soil  material  other  than  solid  and  loose  rock  occur  | 
within  the  body  of  material  to  be  removed  from  excavations  for  abutmt 
piers,  retaining  walls,  etc.  shall  be  classified  as  "earth."     This  classifica I 
shall  include  soils  intermixed  with  boulders,  loose  and  cemented  sands 
gravels,  hardpan,  clay,  gumbo,  muck,  etc.     It  shall  also  include  wood  w 
has  become  embedded  within  the  soil  by  natural  processes  of  time. 

b.   Whenever  boulders  are  encountered  within  the  excavations  havin 
each  boulder  a  volume  of  1  cu.  yd.  or  more,  the  contract  unit  price  for  loj 
rock  excavation  shall  apply. 

5.  Leveling  Ledge  Rock. — a.  Ledge  rock,  whether  exposed  by  natur| 
within  excavated  areas  shall  be  leveled  to  secure  satisfactory  founda 
conditions  for  either  concrete  or  stone  masonry,  as  the  engineer  may  dii 
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e  preparation  of  ledge  rock  surfaces  to  receive  stone  masonry  shall  be 
a  as  to  secure  a  uniform,  even  bedding  of  the  imposed  stones.  "Stilting" 
tones  will  not  be  permitted.  In  all  cases  the  leveling  shall  be  such  as  to 
ier  the  substructure  secure  against  sliding.  Surfaces  worn  smooth  by 
dal,  water,  or  other  action  shall  be  roughened  and  if  rounded  or  tilted  at 
angle  with  the  horizontal  shall  be  leveled  horizontally  as  a  whole  or  in 
>s.  All  "shelly"  areas  shall  be  removed  and  cracks  and  fissures  through 
ch  water  flows  shall  be  calked  or  otherwise  satisfactorily  treated  to  remove 
flowing  water  from  the  foundation  area.  All  ledge  areas  shall  be  thor- 
hly  cleaned  to  secure  a  proper  bond  with  the  stone  or  the  concrete 
onry  placed  upon  them. 

Bridge  Excavation 

Excavation. — a.  Foundation  pits  and  trenches  shall,  in  general,  be 
ivated  to  the  depths  shown  upon  the  plans  and  to  such  additional  depths 
he  engineer  may  direct  in  order  to  secure  firm,  practically  incompressible 
idations  having  satisfactory  safe  load  resistance,  and_  to  a  satisfactory 
th  below  possible  frost  action.  All  pits  and  trenches  in  which  piles  are 
»e  driven  shall  be  completed  before  driving  is  commenced,  and  following 
completion,  all  loose  soil  and  chips,  bark  or  other  foreign  material  shall 
removed  from  the  excavations  before  concrete  or  other  substructure 
erial  is  placed  therein. 

The  contractor  shall  be  prepared  to  sheet  the  sides  of  excavations,  and 
>ut  in  proper  walings,  struts,  shorings,  and  braces  to  protect  the  same 
1  caving. 

To  provide  a  working  space  for  the  construction  of  forms  for  concrete 
or  the  laying  and  pointing  of  stone  masonry  an  allowance  will  be  made 
material  excavated  outside  of  the  base  dimensions  shown  upon  the  plans, 
he  basis  of  actual  material  removed,  provided,  however,  that  the  maxi- 
n  allowance  outside  of  the  base  dimensions  of  abutments,  piers,  columns, 

shall  not  be  greater  than  the  following: 

For  concrete  work i'  6" 

For  stone  masonry  work 2'  6" 

allowance  shall  be  made  on  account  of  slope  of  sides  of  excavations. 

In  the  removal  of  the  approach  embankment  of  an  existing  bridge 
cture  or  of  a  previous  structure  the  foregoing  conditions  governing 
vations  shall  apply.  Unless  otherwise  provided  in  the  contract,  the 
:h  of  an  approach  embankment  shall  be  considered  as  the  distance 
sured  from  its  top  surface  vertically  downward  to  the  top  of  the  original 
nd  surface  which  existed  prior  to  the  construction  of  the  embankment 
le  latter  can  be  determined  by  the  existence  of  vegetable  mold  or  other 
jfactory  evidence.  In  the  absence  of  satisfactory  evidence  the  probable 
inal  ground  surface  shall  be  assumed  from  such  evidence  as  the  engineer 

consider  reliable  and  satisfactory. 

Excavated  Material.— a.  All  soil  material  taken  from  existing  approach 
ankments  and  excavations  except  such  as  is  acceptable  and  is  required 
used  for  backfill  around  abutments,  piers,  retaining  walls,  etc.,  for  the 
ig  of  approaches,  and  for  construction  of  embankments,  shall  be  disposed 

the  engineer  may  direct.  Excavated  material  shall  not  be  disposed  of  at 
tions  obstructing  the  stream  flow  or  otherwise  impairing  the  efficiency  or 
appearance  of  the  bridge  structure. 

Excavated  material  accepted  and  used  in  backfill,  in  the  filling  of 
•oaches,  and  in  the  construction  of  embankments  shall  be  paid  for  as 
vation  only  when  the  entire  work  is  performed  at  one  and  the  same  time. 

Excavated  material  acceptable  for  use  in  the  construction  of  embank- 
ts,  in  backfill,  and  in  the  filling  of  approaches,  permissible,  under  the 
itions  involved,  of  being  placed  therein  without  intermediate  storage 
rehandling  but  used  by  the  contractor  in  the  construction  of  cofferdams, 
ection   embankments,    or   other   temporary   structures   incident  to  the 

rmance  and  completion  of  any  part  of  the  work  shall  be  regarded  as  fill 
srial  and  shall  be  replaced  at  his  own  expense.  Furthermore,  such 
:rial  when  wasted  by  reason  of  the  methods  and  operations  adopted  by 
contractor  in  the  excavation  of  the  work  shall  likewise  be  replaced  at 
xpense. 

Unwatering. — c.  The  contractor  shall  at  his  own  expense  do  all 
atering  required  in  connection  with  the  excavation  of  pits  and  trenches. 

ping  shall  not  be  permitted  from  the  inside  of  forms  for  abutments, 
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piers,  retaining  walls,  etc.,  while  concrete  is  being  placed  therein.  Sui 
may  be  used  within  the  space  between  cofferdams  and  the  form  w< 
provided  moving  water  is  not  permitted  to  come  into  contact  with  fi 
concrete  or  concrete  that  has  attained  only  a  "green"  set. 

9.  Approval  of  Foundation. — a.  Especial  care  shall  be  taken  not  to  loc 
or  disturb  the  soil  forming  the  bottom  of  an  excavation  and  the  final  remc 
of  material  just  above  the  finished  foundation  elevation  shall  not  be  m 
until  immediately  before  the  construction  of  the  substructure  is  eommem 
Foundation  excavations  shall  be  examined  and  approved  by  the  enginee 

10.  Removal  of  Cofferdams. — a.  All  cofferdams,  dams,  protec 
embankments,  etc.  itsed  as  a  means  for  making  excavations  shall  be  remc 
unless  otherwise  provided,  leaving  the  stream  bed  clear  of  obstruction  th 
by.  Stream  bed  or  other  areas  excavated  or  eroded,  incident  to  or  resul 
from  such  temporary  excavation  protections  shall  be  carefully  backfi 
to  the  satisfaction  of  the  engineer. 

11.  Measurement  of  Excavation. — a.  All  volumes  of  excavated  mate 
shall,  unless  otherwise  provided,  be  measured  in  the  excavation.  Howe 
volumes  below  the  depths  provided  in  the  contract  shall  be  subject  to  spe 
adjustment,  in  as  far  as  payment  therefor  is  concerned. 

b.  Clearing  and  grubbing  and  the  removing  of  existing  obstructions  f 
the  area  to  be  excavated  will  be  considered  as  included  in  the  contract  r. 
for  excavation. 

Fill 

12.  Backfill,  Fill,  and  Embankment. — a.  All  materials  used  for  bac 
around  abutments,  piers,  etc.;  for  fill  in  the  rear  of  abutments;  and  for 
struction  of  approach  embankments,  protection  embankments,  etc.,  shai 
of  a  quality  acceptable  to  the  engineer  as  such.  When  the  material  cont 
insufficient  moisture  to  permit  thorough  compacting,  additional  water 
this  purpose  shall  be  added.  Material  excavated  from  foundation  pits 
trenches  shall  be  used  for  these  works,  unless  otherwise  provided  in 
contract  or  directed  by  the  engineer.  However,  all  material  so  used  s 
be  paid  for  as  "Excavation"  except  in  cases  where  the  excavation  and 
work  are  net  executed  simultaneously. 

b.  Material  excavated  from  foundation  pits  and  trenches  and  stored ; 
near  the  bridge  site  will,  when  rehandled  and  deposited  in  fill  or  embankr 
work,  be  paid  for  at  the  contract  unit  price  or  prices  per  cubic  yard  for  "1 
but  will  not  be  again  paid  for  as  "Excavation." 

c.  Material  taken  from  the  adjacent  roadway  for  use  in  the  construe  | 
of  fill  or  embankment  will  be  paid  for  at  the  contract  unit  price  or  p 
per  cubic  yard  for  "Fill"  but  will  not  be  paid  for  as  "Excavation."      W 
ever  considered  practicable  by  the  engineer,  improvements  in  the  road 
alignment    and    grade   shall    be    secured    by   this    means.      However, 
improvements  shall  not  involve  a  maximum  haul  of  the  material,  greater' 
two  thot:sand  feet  (2000'  o")  nor  shall  they  include  the  removal  of  ei| 
loose  or  solid  ledge  rock  except  when  specially  provided  in  the  contract  < 
a  subsequent  agreement. 

d.  All  spaces  excavated  and  not  occupied  by  abutments,  piers,  or  c 
permanent  work  shall  be  refilled  with  earth  up  to  the  surface  of  the  surro- 
ing  ground  or  to  such  height  as  the  engineer  may  direct.  All  backfill  ! 
be  thoroughly  compacted  and,  in  general,  its  top  surfaces  shall  be  ne 
graded. 

e.  Fill  material  used  in  the  rear  of  simple  span  and  arch  abutments  : 
be  deposited  in  successive  layers  not  exceeding  12"  in  thickness  exten 
the  full  width  of  the  cross-section  and  shall  wherever  possible,  excep 
freezing  weather,  be  compacted  by  thoroughly  saturating  or  flooding 
water.  In  all  cases  where  fill  cannot  be  compacted  by  the  use  of  wate 
shall  be  rammed  or  otherwise  compacted  as  the  engineer  may  direct. 

/.  Fill  placed  adjacent  to  culvert  and  other  small  structures  shal 
deposited  on  both  sides  at  the  same  time  and  to  the  same  elevation. 

g.   Fill   shall   not   be   deposited   against   "green"   set   concrete;   nor 
wedge-shaped  sections  of  earth  be  placed  against  abutments,  wing  w 
arch  spandrels,  and  retaining  walls. 

h.  Approach  embankments  shall  consist  of  filling  the  approache- 
bridges,  over  arches,  and  around  the  ends  of  abutment  wing  walls  to  el 
tions  above  the  surface  of  the  surrounding  natural  ground  area. 

*.  Protection  embankments  shall  consist  of  earth  embankments,  usi 
rip-rapped,  constructed  to  secure  protection  for  bridge  approaches,  str 
diversions,  etc. 
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Embankment  material  shall  be  deposited  in  successive  layers  not 
:eding  12"  in  thickness  extending  the  full  width  of  the  cross-section,  and 
ipt  in  unimportant  locations  each  layer  shall  be  thoroughly  compacted 
oiling,  ramming,  or  other  satisfactory  means. 

When  embankment  material  is  to  be  deposited  upon  a  hillside,  the 
ace  of  the  hillside  area  shall  be  cut  into  steps,  ploughed,  or  otherwise 
sfactorily  prepared  to  secure  a  bond  with  the  new  material  to  be  imposed 
n  it. 

Material  placed  behind  and  over  arches  shall  be  deposited  in  layers  as 
ribed  for  embankment  work  and  will  be  deposited  symmetrically  from  the 
riches  upward  until  the  crown  is  covered. 

Material  subject  to  free  erosion,  such  as  loose  sand,  shall  not  be 
Dsited  upon  embankment  slopes. 

The  sides  of  embankments  shall,  unless  otherwise  provided  by  the 
;ract  plans  or  required  by  the  engineer,  be  graded  to  uniform  even  slopes 
ing  a  batter  of  one  and  one-half  horizontal  to  one  vertical  (iH:  i)- 

The  sides  of  all  embankments  unless  protected  by  rip-rap,  brush  mat- 
or  other  approved  means  against  stream  scour  or  other  erosive  action 
1  be  seeded  to  produce  a  future  grass  sod  protection.     The  kinds  of  grass 

to  be  used  shall  be  approved  by  the  engineer.  However,  the  following 
ture  of  seed  will  be  used  unless  otherwise  provided: 

;  lb.  timothy. 

\  lb.  red  top. 

$  lb.  clover. 

>  lb.  Japanese  millet. 

he  seeding  of  slopes  shall  be  done  at  periods  of  the  year  generally  recog- 

d  as  satisfactory  for  the  development  of  the  sod  protection.      Whenever 

ssary,  in  the  opinion  of  the  engineer,  the  development  of  the  seeding 

1  be  protected  by  a  "cover  crop"  of  oats,  buckwheat,  or  other  cereal. 

The  contractor  shall  be  responsible  for  the  stability  of  all  constructed 
ankments  and  shall,  until  the  work  is  finally  accepted,  replace  any  por- 
s  which,  in  the  opinion  of  the  engineer,  have  become  displaced  as  a  result 
nproper  workmanship,  carelessness,  or  neglect  on  his  part;  or  of  damage 
lting  from  storms,  cloudbursts,  or  other  natural  causes,  not  attributable 
navoidable  slides,  distortions,  or  other  movements  of  the  original  ground 
erlying  the  embankment. 
j.  Borrow  Excavation. — a.  When  material  removed  from  excavation  pits 

trenches  is  unsatisfactory  for  use  in  fill  and  embankment  work  or  is 
fficient  in  quantity  for  the  work  to  be  done,  the  contractor  shall  obtain 
necessary  additional  material  by  excavating  from  the  adjacent  roadway 
rom  borrow  pits  as  the  engineer  may  direct. 

Wherever  the  natural  contour  of  the  ground  surface  renders  it  possible, 
ow  pits  shall  be  so  constructed  as  to  provide  effective  drainage  of  the 
i.vated  area. 

No  "borrow"  excavation  shall  be  developed  as  a  "borrow  pit"  until 
entire  area  has  been  carefully  cross-sectioned.  Material  removed  prior 
he  securing  of  cross-sections  will  not  be  paid  for. 

Ditches. — a.  In  the  construction  of  approach  embankments  and 
iway  cuts,  special  care  shall  be  exercised  in  locating  and  constructing 
hes  for  the  drainage  of  embankment  and  cut  slopes  and  the  slopes  of  the 
)ining  areas.  In  general,  ditches  shall  be  located  in  natural  rather  than 
lied  ground,  and  shall  divert  the  water  away  from  the  ends  of  abutment 
y  walls  or  other  locations  likely  to  become  injuriously  affected  by  scour. 
an  necessary,  in  the  opinion  of  the  engineer,  ditches  shall  be  paved  with 
d-laid  cobblestones  of  satisfactory  size  and  quality. 

Measurement  of  Fill. — a.  In  the  measurement  of  fill,  three  general 
sions  shall  be  recognized,  viz.: 

Backfill  shall  include  all  fill  material  placed  in  front  and  rear  of  abut- 
ts  and  retaining  walls  and  around  piers  required  to  fill  the  foundation 

and  trenches  up  to  the  elevation  of  bed  of  stream  or  to  the  original 
ind  surface  or  to  such  other  lower  elevation  or  elevations  as  may  be 
lired  by  the  contract  or  determined  by  the  engineer. 

Approach  fill  shall  include  all  fill  material  placed  in  the  rear  of  abut- 
ts  and  retaining  walls,  or  upon  the  roadway  embankments  adjacent  to 

bridge  structure  required  to  replace  the  formerly  existing  approach 
ankment  material  removed  by  the  foundation  excavation  operations, 
ther   with  all  material  required  to  increase  the  width  or  the  height  of 

approach  embankments  or  to  construct  new  approach  embankments. 
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3.  Protection  fill  shall  include  all  fill  material  required  for  the  construe 
of  protection  embankments. 

b.  Rip-rap   protection  placed  upon  the   slopes   of  embankments   an' 
front  of  abutments  and  retaining  walls  and  around  piers  shall  not  be  I 
sidered  as  fill. 

c.  Backfill  will  be  paid  for  at  the  contract  unit  price  per  cubic  yard 
within  the  limits  for  which  "excavation"  is  allowed. 

d.  All  volumes  of  backfill,  fill,  and  embankment  not  secured  from  exc 
tion  pits  and  trenches  as  provided  in  Sees.  7a,  76,  and' 126  shall,  in  gen 
be  obtained  from  roadway  or  borrow-pit  excavations.  Whenever,  by 
cross-section  method,  such  measurement  is  impracticable  the  metho 
measuring  shall  be  such  as  the  engineer  may  determine. 

Rip -rap 

16.  Material. — (a)  The  material  to  be  used  for  rip-rap  protection  arc 
abutments  and  piers  or  at  other  locations  where  protection  from  stream  s  I 
is  required  shall  "consist  of  clean,  sound,  and  durable  rock  which  will 
become  disintegrated  by  the  action  of  water  or  by  exposure  to 
atmospheric  elements.  Either  boulders  or  quarried  rock  may  be  t 
The  size  and  quality  of  the  stones  shall  be  subject  to  the  approval  oi 
engineer. 

(b)   In  general,  rip-rap  deposited  in  the  stream  bed  as  protection  an 
abutments  and  piers  shall  be  composed  of  50  to  75  %  "two-man  stone  1 
larger.      The  remaining  portion  shall  be  graded  from  the  "two-man,' 
down  to  sizes  weighing  10  to  15  lb.      Stones  placed  upon  the  lower  por| 
of  embankment  slopes  to  protect  them  against  stream  scour  shall  gene 
be  composed  of  stones  of  sizes  varying  from  a  "one-man"  to  a  "two-nj 
size  with  a  comparatively  small  percentage  of  stones  of  smaller  sizes. 

17.  Placing. — a.  Stones  deposited  in  the  stream  bed  shall  be  well  n 
as  to  sizes  and  when  in  position  shall  provide  a  comparatively  uni 
protective  covering,  having  the  desired  depth  and  area. 

b.  Stones  placed  upon  embankment  slopes  shall,  if  conditions  will  pe- 
have  the  bed  course  placed  in  a  trench  at  the  toe  of  the  slope.  The  fa 
outer  course  shall  be  random  rubble,  hand  laid  to  secure  an  efficient  i 
locking  of  all  face  stones  and  stones  placed  as  backing.  The  dimensi 
outer-courses  tones  normal  to  the  surface  of  the  embankment  slope 
be  not  less  than  6"  and  the  stones  shall  be  laid  with  close  joints  rot 
perpendicular  to  the  slope  which  shall  be  filled  with  spalls  and  grav 
crushed  rock.  The  thickness  of  the  rip-rap  layers  shall  be  greater  a 
bottom  than  at  the  top.  The  base  course  shall  be  protected  by  depos 
rip-rap  in  front  of  it,  if  considered  necessary  by  the  engineer. 

18.  Measurement. — a.  All  volumes  of  rip-rap  shall,  in  general,  be  d 
mined  from  measurements  of  material  in  place.  Whenever  such  mea 
ment  is  impracticable  by  reason  of  stream-bed  conditions,  the  methc 
measuring  shall  be  such  as  the  engineer  may  determine. 

Brush  Mattress1 

19.  Material. — a.  The  material  to  be  used  in  the  construction  of  t 
mattress  for  the   protection   of   embankments   against   stream  scour 
generally  be  composed  of  willow  limbs  and  saplings  of  sizes  adapted  t< 
construction  of  well-compacted  masses  of  intertwined  elements. 

20.  Construction. — a.  The  general  dimensions  and  details  of  constru 
shall  be  in  accord  with  the  contract  plans. 

21.  Placing. — a.  Sections  of  mattress  shall  generally  be  constructed 
put  in  place  at  such  periods  of  the  year  as  will  permit  the  willow  to  take 
and  thereby  become  a  more  perfect  protection  at  a  later  date.  _  The  mat 
shall  be  covered  with  a  layer  of  topsoil  and  shall  be  stayed  in  positio 
driving  anchor  stakes  or  anchor  staples  and  weighting  the  mattress 
stones  as  the  engineer  may  direct. 

22.  Measurement. — a.  Brush  mattress  shall  be  measured  in  p 
complete,  in  square  yards  of  top  surface  area. 

Item  103.  Untreated  Timber  Piling2 

103. 1.  Description.— -This  item  shall  consist  of  round  or  square  til 
piles  of  the  kind  and  dimensions  specified,  and  in  conformity  with  the  f 
nent  designated  plans.  They  shall  be  driven  in  accordance  with  1 
specifications  in  the  location  and  to  the  elevation  shown  on  plans  0 
directed  by  the  engineer. 

1  State  of  Maine.  2  Texas. 
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03.2.  Except  for  trestle  work,  timber  piles  shall  be  used  only  below  per- 
nent  ground-water  level.  Untreated  timber  piles  shall  not  be  used  in 
er  which  is  infested  by  marine  borers.      In  general,  the  penetration  for 

pile  shall  not  be  less  than  io'  in  hard  material  and  not  less  than  one-third 
length  of  the  pile  nor  less  than  20'  in  soft  material.  For  foundation  work, 
piling  shall  be  used  to  penetrate  a  very  soft  upper  stratum  overlying  a 
d  stratum  unless  the  piles  penetrate  the  hard  material  a  sufficient  distance 
ix  the  ends  rigidly. 

03.3.  Material  for  Foundation  Piles. — These  piles  may  be  of  any  species 
ch  will  satisfactorily  stand  driving.  They  shall  be  cut  from  live,  sound 
:s,  shall  be  solid  and  free  from  defects,  such  as  injurious  ring  shakes,  large 
ound,  or  loose  knots,  decay,  or  other  defects  which  might  impair  their 
ngth  or  durability.  They  shall  be  cut  from  above  the  ground  swell  and 
e  a  uniform  taper  and  shall  be  free  from  short  bends.  A  straight  line 
wn  from  the  center  of  the  butt  to  the  center  of  the  tip  shall  lie  wholly 
hin  the  body  of  the  pile.  Piles  shall  be  peeled  soon  afer  cutting.  All 
ts  shall  be  trimmed  closed  to  the  body  of  the  pile.  For  round  piles,  the 
iimum  diameter  at  the  tip  shall  be  8",  and  at  the  butt  shall  be  12".  The 
simum  diameter  at  the  butt  shall  be  20".  Square  piles  shall  be  uniform 
ross-section,  not  less  than  10  by  12"  for  lengths  over  30'. 

03.4.  If  possible,  piles  shall  be  full  length.  Where  the  length  required  is 
iter  than  is  practical  to  obtain,  they  may,  upon  written  approval  of  the 
ineer,  be  spliced.     All  splices  shall  be  made  in  accordance  with  detail 

prepared  to  meet  the  special  conditions  encountered  and  which  shall 
ipproved  before  the  piles  are  driven. 

03.5.  Material  for  Trestle  Piles  and  Foundation  Piles  for  Trestle  Bents. 
se  piles  shall  meet  the  requirements  for  timber  Foundation  Piles  and 
ddition  shall  be  durable  timber.  The  species  required  will  be  post  oak, 
te  oak,  red  or  black  cypress,  or  Southern  yellow  pine  (80  %  heart). 

03.6.  Construction  Methods. — Piles  shall  not  be  driven  until  after  the 
ivation  is  complete.  Any  material  forced  up  between  the  piles  shall  be 
oved  to  correct  elevation  before  masonry  for  the  foundation  is  placed, 
iber  piles  shall  be  driven  with  a  gravity  hammer,  steam  hammer,  water 
,  or  a  combination  of  water  jets  and  hammer.  The  driving  of  piling  with 
owers  shall  be  avoided  if  practicable,  and  shall  be  done  under  written 
mission  of  the  engineer  only.  When  followers  are  used,  one  pile  from 
ry  group  of  ten  shall  be  a  long  pile  driven  without  a  follower  and  shall 
ased  as  a  test  pile  to  determine  the  average  bearing  power  of  the  group, 
lars  or  bands  to  protect  timber  piles  against  splitting  and  brooming  shall 
provided  where  necessary.  Timber  piles  shall  be  pointed  where  soil 
ditions  require  it.  When  necessary,  the  piles  shall  be  shod  with  metal 
es  of  a  design  satisfactory  to  the  engineer,  the  points  of  the  piles  being 
;fully  shaped  to  secure  an  even  and  uniform  bearing  on  the  shoes. 

03.7.  Gravity  hammers  for  driving  timber  piles  shall  weigh  not  less 
n  2000  lb.  and  the  fall  shall  be  so  regulated  as  to  avoid  injury  to  the 

and  in  no  case  shall  exceed  20'.  Piles  shall  be  driven  with  a  variation 
lot  more  than  J4".  per  foot  from  the  vertical  or  from  the  batter  line 
icated.  All  piles  raised  during  the  process  of  driving  adjacent  piles  shall 
Iriven  down  again  if  required  by  the  engineer. 

03.8.  When  required,  the  size  and  the  number  of  piles  shall  be  determined 
actual  loading  tests.      In  general,  these  tests  shall  consist  of  the  applica- 

of  a  test  load  placed  upon  a  suitable  platform  supported  by  the  pile, 
sther  with  suitable  apparatus  for  accurately  determining  the  super- 
iosed  weight  and  the  settlement  under  each  increment  of  load.  The  safe 
wable  load  shall  be  considered  as  50  %  of  that  load  which,  after  48  hr. 
lication,  causes  a  permanent  settlement,  measured  at  the  top  of  the  pile, 
tot  more  than  }■£".     At  least,  one  pile  of  each  group  of  100  piles  shall  be 

tested. 

03.9.  Timber  Piles. — In  the  absence  of  loading  tests,  the  safe  bearing 
les  for  timber  piles  shall  be  determined  by  the  following  formulas: 

p  2WH     '  , 

-r  =  ■=— for  gravity  hammers 

o   ~p  1.0 

2WH    _    • .     „ 

"  =   ~ — j ■  for  single-acting  steam  hammers 

5  +  o.i 

2H{W  +  Ap)  ,       ,     ,  , 

"    —  ? — : for  double-acting  steam  hammers 

o  +  0.1 

Mote. — Better  formula  given  on  page  1340. 
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where   P  =  safe  bearing  power,  in  pounds. 

W  =  weight,  in  pounds,  of  striking  parts  of  hammer. 
H  =  height  of  fall,  in  feet. 
A  =>  area  of  piston,  in  square  inches. 
p  =  steam  pressure,  in  pounds  per  square  inch. 
5  =  the  average  penetration,  in  inches  per  blow,  for  the  last  5  tc 
blows  for  gravity  hammers  and  the  last  10  to  20  blows  for  ste 
hammer. 

103.10.  The  above  formulas  are  applicable  only  when: 
(o)   The  hammer  has  a  free  fall. 

(b)  The  head  of  the  pile  is  free  from  broomed  or  crushed  wood  fiber. 

(c)  The  penetration  is  at  a  reasonably  quick  and  uniform  rate. 

(d)  There  is  no  sensible  bounce  after  the  blow.  Twice  the  height  of 
bounce  shall  be  deducted  from  H  to  determine  its  true  value  in  the  formi] 

103. 11.  The  bearing  powers  of  timber  piles,  as  determined  by  the  fi 
going  formulas,  shall  be  considered  effective  only  when  they  are  less  t 
the  crushing  strengths  of  the  piles.  In  general,  piles  shall  be  required  | 
develop  a  bearing  capacity  of  not  less  than  15  nor  more  than  25  ton's.  H' 
ever,  the  character  of  the  soil  penetrated,  conditions  of  driving,  distribut: 
sizes  and  lengths  of  the  piles  involved,  and  the  computed  load  per  pile  si 
be  given  due  consideration  in  determining  the  reliability  of  driven  pile. 

103.12.  In  case  water  jets  are  used  in  connection  with  the  driving, 
bearing  power  shall  be  determined  by  the  above  formulas,  from  the  res- 
of  driving  after  the  jets  have  been  withdrawn,  or  a  load  test  may  be  appl 

103.13.  The  tops  of  foundation  piles  shall  be  embedded  in  the  cona 
footing  at  least  1  ,  and  where  seals  of  concrete  deposited  in  water  are  u  I 
with  piles,  the  piles  shall  project  at  least  i'  above  the  top  of  the  seal  concr  j 
They  shall  be  cut  off  level  at  such  elevation  that  the  tops  of  the  piles 
be  always  wet. 

103.14.  Foundation  piles  for  framed  bents  shall  be  cut  off  level  appr< 
mately  3'  above  the  surface  of  the  ground  and  the  cap  rigidly  secured  to  e 
pile  by  drift  bolts  extending  at  least  9"  into  the  pile. 

103.15.  Trestle  piles  shall  be  cut  off  level  at  the  elevation  on  the  plans  ; 
the  caps  secured  as  described  above.  If  the  cut-off  is  io'  or  more  above 
ground  line,  timber  piles  shall  be  braced  by  diagonal  cross-bracing  compose 
3  by  10"  timbers,  secured  to  the  lines  by  %"  diameter  through  bolts. 

103.16.  In  bents  of  untreated  piles  the  heads  of  the  piles  shall 
thoroughly  coated  with  a  thick  protective  coat  of  red-lead  paint,  hot 
tar  asphaltum,  or  hot  coal-tar  creosote  before  the  caps  are  placed. 

103.17.  The  tops  of  all  piling  shall  be  sawed  to  a  true  plane  as  shown 
the  plans,  and  at  the  elevation  fixed  by  the  engineer.  Piles  which  supr. 
timber  caps  or  grillage  work  shall  be  sawed  to  the  exact  plane  of  the  sui 
imposed  structure  and  shall  exactly  fit  it.  Broken,  split,  or  misplaced  p 
shall  be  drawn  and  properly  replaced.  Piles  driven  below  the  cut 
grade  fixed  by  the  engineer  shall  be  withdrawn  and  replaced  by  new  and 
necessary,  longer  piles,  at  the  expense  of  the  contractor. 

103.18.  Basis  of  Payment. — All  piling  left  in  place  in  the  structure  will 
paid  for  at  the  contract  unit  price  bid  per  linear  foot  for  Untreated  Tim 
Piling  complete  in  place,  which  price  shall  be  full  compensation  for  furnish 
all  piling,  all  materials,  equipment,  tools,  labor,  and  incidentals  necess; 
to  complete  the  work.  No  allowance  will  be  made  for  falsework  pili 
Payment  will  be  made  at  this  price  for  only  the  actual  number  of  feet 
piles  left  in  place  in  the  completed  work,  and  no  allowance  will  be  made 
any  piles  which  are  not  driven  in  accordance  with  the  specifications,  or 
ordered  by  and  made  acceptable  to  the  engineer. 

Item  104.     Treated  Timber  Pilingi 

1 04. 1.  Description. — This  item  shall  consist  of  round  or  square  treai 
timber  piles  of  the  kind  and  dimensions  specified  and  in  conformity  with  1 
pertinent  designated  plans.  They  shall  be  driven  in  accordance  with  th< 
specifications  in  the  location  and  to  the  elevation  shown  on  the  plans  or 
directed  by  the  engineer. 

104.2.  Materials. — Requirements  for  treated  foundation  piles,  treat 
trestle  piles,  and  treated  foundation  piles  for  trestle  bents  shall  be  identi 
with  the  corresponding  requirements  for  untreated  timber  piles  with  1 
additional  requirements  following: 

1  Texas. 
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04.3.  Piles  shall  be  treated  with  the  creosote  oil  or  creosote  coal-tar 
itions  prescribed  in  the  specifications  for  Timber  Structures.  The  ranges 
>ressure,  temperature,  and  time  duration  of  treatment  shall  be  controlled 
is  to  result  in  maximum  penetration  of  the  quantity  of  preservative 
cted,  which  shall  permeate  all  of  the  sapwood  and  as  much  of  the  heart- 
d  as  practicable.  For  general  construction,  not  in  sea  water,  piles  shall 
reated  to  retain  not  less  than  12  lb.  of  the  preservative  per  cubic  foot  of 
d  by  any  full-cell  process,  or  not  less  than  8  lb.  by  any  standard  empty- 
process, 

04.4.  Construction  methods  for  treated  timber  piling  shall  be  identical 
1  those  prescribed  for  untreated  timber  piling.  The  following  additional 
lirements  apply  to  treated  timber  piling: 

34.5.  Treated  piles  and  timbers  shall  be  carefully  handled  without  sudden 
jping,  breaking  of  outer  fibres,  bruising,  or  penetrating  the  surface  with 

They  shall  be  handled  with  rope  slings.  Cant  dogs,  hooks,  or  pike 
s  shall  not  be  used  where  such  tools  will  penetrate  into  the  untreated 
d. 

H.6.  After  the  necessary  cutting  has  been  done  to  receive  the  cap,  the 
Is  of  piles  shall  be  given  three  coats  of  hot  creosote  oil.  They  shall  then 
overed  with  a  coat  of  hot  tar  pitch,  over  which  shall  be  placed  a  sheet 
hree-ply  roofing  felt  or  galvanized  iron,  or  a  covering  may  be  built  of 
nate  layers  of  hot  tar  pitch  and  loose  woven  fabric,  similar  to  membrane 
^-proofing,  using  four  layers  of  pitch  and  three  of  the  fabric.  The  cover 
1  measure  at  least  6"  more  in  each  direction  than  the  diameter  of  the  pile, 
shall  be  bent  down  over  the  pile  and  the  edges  fastened  with  large- 
led  nails,  or  secured  by  binding  with  galvanized  wire.  After  the  cover 
place  the  cap  shall  be  placed  and  drift  bolted  as  prescribed. 
14.7.  All  places  where  the  surface  of  treated  piles  or  timbers  is  broken  by 
ing,  boring,  or  otherwise  shall  be  thoroughly  coated  with  hot  creosote 
nd  then  with  a  coating  of  hot  tar  pitch.  Hot  creosote  oil  shall  be  poured 
the  bolt  holes  before  the  insertion  of  the  bolts  in  such  manner  that  the 
e  surface  of  the  holes  shall  receive  a  coating  of  the  oil. 
4.8.  Basis  of  Payment. — All  piling  left  in  place  in  the  structure  will  be 
for  at  the  contract  unit  price  bid  per  linear  foot  for  Treated  Timber 
g  complete  in  place,  which  price  shall  be  full  compensation  for  furnishing 
iling,  all  treating,  all  materials,  equipment,  tools,  labor,  and  incidentals 
ssary  to  complete  the  work.  No  allowance  will  be  made  for  falsework 
g.  Payment  will  be  made  at  this  price  for  only  the  actual  number  of 
of  piles  left  in  place  in  the  completed  work,  and  no  allowance  will  be 
e  for  any  piles  which  are  not  driven  in  accordance  with  the  specifica- 
»,  or  as  ordered  by  and  made  acceptable  to  the  engineer. 

Item  105.     Precast  Concrete  Piling1 

5.1.  Description. — This  item  shall  consist  of  piles  precast  of  Portland 
nt  concrete  made  and  reinforced  in  accordance  with  these  specifications 
in  conformity  with  the  pertinent  designated  plans.  They  shall  be 
n  in  accordance  with  these  specifications  in  the  location  and  to  the  eleva- 
shown  on  the  plans  or  as  directed  by  the  engineer. 

5.2.  Materials  and  Design. — All  concrete  materials  and  their  prepara- 
and  placing  shall  be  in  accordance  with  the  requirements  for  Class  D 
rete.  (All  coarse  aggregate  to  pass  a  %"  ring.)  It  shall  be  the  charge 
e  contractor  to  order  materials  for  and  cast  and  manufacture  the  requi- 
engths  and  amount  of  piling  to  complete  the  required  structure  or  work. 

5.3.  Precast  concrete  piles  may  be  square,  circular,  or  octagonal  in 
on.      If  a  square  section  is  employed,  the  corners  shall  be  chamfered  at 

1".  Piles  shall  preferably  be  cast  with  a  driving  point  and  for  hard 
ng  shall  preferably  be  shod  with  a  metal  shoe  of  approved  pattern, 
g  may  be  either  of  uniform  section  or  tapered  as  desired.      Tapered  piling 

not,  in  general,  be  used  for  trestle  construction  except  for  that  portion 
e  pile  which  lies  below  the  ground  line;  nor  shall  tapered  piles  be  used 
y  location  where  the  piles  are  to  act  as  columns.  In  general,  concrete 
shall  have  a  cross-sectional  area,  measured  above  the  taper,  of  not  less 

140  sq.  in.  and,  when  they  are  to  be  used  in  salt  water,  they  shall  have 
ss-sectional  area  of  not  less  than  220  sq.  in. 

5.4.  The  length  shall  not  exceed  30  times  the  average  diameter  for 
driven  through  firm  soil,  and  shall  not  exceed  15  times  the  average 

eter  for  piles  driven  to  rock  through  loose,  wet  soil,  or  filled  ground. 
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When  lateral  support  is  deficient  so  that  the  piles  act  as  columns,  they  si 
be  designed  as  columns. 

105.5.  Reinforcement  shall  conform  to  the  requirements  for  reinforc 
steel  of  these  specifications,  and  the  weight  and  dimensions  shall  be  as  sht 
on  plans. 

105.6.  Reinforcement  for  precast  concrete  piling  shall  consist  of  lo: 
tudinal  bars  in  combination  with  lateral  reinforcement  in  the  form  of  he 
or  spirals.  The  longitudinal  reinforcement  shall  be  not  less  than  1  % 
preferably  not  less  than  \}4.  %  of  the  total  cross-section  of  the  pile, 
reinforcement  shall  be  placed  at  a  clear  distance  from  the  face  of  the  pil 
not  less  than  2"  and,  when  the  piles  are  for  use  in  salt  water  or  alkali  s 
this  clear  distance  shall  be  not  less  than  3''.  The  driving  point  and  also 
top  of  the  pile  shall  be  protected  against  impact  by  means  of  special  si 
winding  or  bands  designed  for  this  purpose.  The  reinforcing  system  s 
preferably  be  of  the  "unit"  type,  rigidly  wired  or  fastened  at  all  intersect 
and  held  to  true  position  in  the  forms  by  means  of  concrete  blocks  or  o 
suitable  device.  Where  piles  exceed  55'  in  length,  additional  longitud 
reinforcement  shall  be  added  throughout  the  central  one-third  of  the  len 
Piling  under  retaining  walls,  abutments,  etc.,  shall  be  designed  to  withsl 
the  lateral  stress  induced. 

105.7.  Where  waterproofing  is  to  be  used,  special  specifications  wil 
given  and  the  work  shall  be  in  accordance  therewith. 

105.8.  Forms  shall  be  accessible  for  tamping  and  consolidation  of 
concrete,  tfnder  good  weather-curing  conditions,  side  forms  may 
removed  at  any  time  not  less  than  24  hr.  subsequent  to  placing  cone 
but  the  entire  pile  shall  remain  supported  for  at  least  7  days,  and  shall 
be  subjected  to  any  handling  stress  until  the  concrete  has  set  for  at  lea? 
days,  and  for  a  longer  period  in  cold  weather,  the  additional  time  tc 
determined  by  the  engineer. 

105.0.  Casting. — Piling  may  be  cast  in  either  a  vertical  or  a  horizc 
position.  When  vertical  forms  are  used,  special  care  shall  be  exercis« 
puddle  and  tamp  the  concrete  around  the  reinforcing  and  to  avoid 
formation  of  stone  pockets.  When  horizontal  forms  are  used,  the  . 
shall  not  be  cast  in  tiers. 

105.10.  During  the  placing  of  concrete,  the  forms  shall  be  vibrate 
tapping  with  a  hammer  of  wooden  maul.      Concrete  shall  be  placed  con 
ously  in  each  pile  and  shall  be  carefully  spaded,  puddled,  and  tamped, 
marked,  special  care  being  exercised  to  avoid  horizontal  or  diagonal  clea  I 
planes,   and   to   see   that   the   reinforcement   is  properly  embedded   ir  | 
concrete. 

105. 1 1.  Finish. — As  soon  as  the  forms  are  removed,  concrete  piles 
be  carefully  pointed  with  1 :  2  mortar,  filling  up  all  cavities  or  irregular 

105.12.  Trestle  piling  exposed  to  view  shall  be  finished  above  the  gr 
line  in  accordance  with  the  provisions  governing  the  finishing  of  con  j 
columns.     Foundation  piling,  that  portion  of  trestle  piling  which  w 
below  the  ground  surface,  and  piles  for  use  in  sea  water  or  alkali  soils,  | 
not  be  finished  except  by  pointing  as  above  set  forth. 

105.13.  Curing. — Concrete  piles  shall  be  cured  in  accordance   witl 
general  provisions  governing  the  curing  of  concrete  as  elsewhere  prov  I 
As  soon  as  the  piles  have  set  sufficiently  to  permit,  they  shall   be   rerr 
from  the  forms  and  piled  in  a  curing  pile  separated  from  each  other  by- 
spacing  blocks.      No  pile  shall  be  driven  until  it  has  set  for  at  least  30  | 
and  in  cold  weather  for  a  longer  period,   as  determined  by  the  engi 
Concrete  piles  for  use  in  sea  water  or  alkali  soils  shall  be  cured  for  no 
than  60  days  before  being  used. 

105.14.  Storage  and  Handling  of  Precast  Concrete  Piling. — For  pr 
piles,  the  method  of  storing  and  handling  shall  be  such  as  to  eliminat 
danger  of  fracture  by  impact  or  undue  bending  stresses,  in  curing  ort 
porting  the  piles  from  the  molds  and  into  the  leads.  In  general,  con 
piles  shall  be  lifted  by  means  of  a  suitable  bridle  or  sling  attached  to  th 
at  points  not  over  20'  apart.  In  no  case  shall  the  methods  of  handlii 
such  as  to  induce  stresses  in  the  concrete  of  more  than  650  lb.  compre 
per  square  inch  or  in  the  reinforcing  steel  in  excess  of  12,000  lb.  per  s< 
inch,  allowing  100  %  of  the  calculated  load  for  impact  and  shock  effect 

105.15.  In  handling  piles  for  use  in  sea  water  or  alkali  soils,  special 
shall  be  exercised  to  avoid  injury  to  the  surface  of  the  pile. 

105.16.  Concrete  piles  when  properly  designed,  constructed,  and  p 
may  be  subjected  to  loads  as  determined  by  tests  or  formula,  but  n| 
exceed  300  lb,  per  square  inch  of  total  cross-section  at  the  smallest  efft 
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it  and  generally  not  to  exceed  25  tons  per  pile  with  a  maximum  limit  of 
;ons  per  pile. 

05.17.  Construction  Methods. — Requirements  for  equipment  and  driving 
;e  concrete  piles  will  be  covered  by  special  specifications. 

05.18.  Hammers  for  Concrete  Piles. — Concrete  piles  preferably  shall 
driven  with  steam  hammers.  Double-acting  steam  hammers  for  this 
pose  shall  develop  an  energy  per  blow  at  each  full  stroke  of  the  piston  of 

less  than  12,000  ft. -lb.,  except  that  in  sandy  material  when  used  in 
ibination  with  a  suitable  water  jet  having  a  pressure  of  125  lb.  per  square 
1  at  end  of  nozzle  the  above  requirements  may  be  modified. 

05.19.  Gravity  hammers,  when  their  use  is  permitted,  shall  weigh  not 
than  the  weight  of  the  pile  and  the  maximum  drop  shall  not  exceed  8'. 

35.20.  Water  Jets. — Water  jets  may  be  used,  either  alone  or  in  combina- 
with  a  hammer.      The  volume  and  pressure  of  the  water  at  the  jet 

les,  and  the  number  of  jets  used,  shall  be  sufficient  freely  to  erode  the 
erial  adjacent  to  the  pile. 

55.21'.  If  water  jets  and  a  hammer  are  used  for  driving,  the  jets  shall  be 
ldrawn  and  the  piles  shall  be  driven  by  the  hammer  to  secure  the  final 
etration.  This  procedure  may  be  varied  if  the  desired  results  are  not 
lined. 

>5.22.   Piles  shall  be  driven  with  a  variation  of  not  more  than  W  per 
from  the  vertical  or  from  the  batter  line  indicated. 
>5.23.   Loading   Tests. — When   required,   the   size   and   the   number   of 

shall  be  determined  by  actual  loading  tests.  In  general,  these  tests 
I  consist  of  the  application  of  a  test  load  placed  upon  a  suitable  platform 
)orted  by  the  pile,  together  with  suitable  apparatus  for  accurately  deter- 
.ng  the  superimposed  weight  and  the  settlement  of  the  pile  under  each 
;ment  of  load.      The  safe  allowable  load  shall  be  considered  as  50  %  of 

load  which,  after  48  hr.  application,  causes  a  permanent  settlement, 
sured  at  the  top  of  the  pile,  of  not  more  than  ^4 ".  At  least  one  pile 
:ach  group  of  100  piles  shall  be  thus  tested. 

15.24.  Concrete  Piles. — In  the  absence  of  the  loading  tests,  the  safe 
ing  values  for  piles  shall  be  determined  by  the  formulas  given  for  timber 
g  (p.  1340). 

15.26.  In  case  water  jets  are  used  in  connection  with  the  driving,  the 
ing  power  shall  be  determined  by  the  above  formulas  from  the  results 
-iving  after  the  jets  have  been  withdrawn,  or  a  load  test  may  be  applied. 

5.27.  Concrete  Piles. — The  bearing  values  for  concrete  piles  shall  be 
rmined  by  means  of  the  loading  tests  above  specified.  The  formulas 
ified  above  for  timber  piling  may  be  used  as  a  rough  approximation  for 
ast  concrete  piles. 

5.28.  When  required,  the  contractor  shall  drive  test  piles  of  a  length  and 
le  location  designated  by  the  engineer.  These  piles  shall  be  of  greater 
h  than  the  length  assumed  in  the  design  in  order  to  provide  for  any 
ition  in  soil  conditions. 

5.29.  Jetting  piles  shall  extend  to  a  good  solid  stratum.  Their  carrying 
city  shall  be  determined  by  actual  tests  or,  if  driven  with  the  aid  of  a 
nd  for  the  last  five  blows  of  the  gravity  hammer  or  last  twenty  blows 
le  steam  hammer,  driven  without  any  jet,  the  same  formula  may  be 
ied  as  in  the  case  of  driven  piles. 

5.30.  Extensions,  splices,  or  "build-ups"  on  concrete  piles  generally 
be  avoided  but  when  necessary  they  shall  be  made  as  follows: 

5.31.  After  the  driving  is  completed,  the  concrete  at  the  end  of  the  pile 
be  cut  away,  leaving  the  reinforcing  steel  exposed  for  a  length  of  40 

eters;  the  final  cut  of  the  concrete  shall  be  perpendicular  to  the  axis  of 
oile.  Reinforcement  similar  to  that  used  in  the  pile  shall  be  securely 
toed  to  the  projecting  steel  and  the  necessary  form  work  shall  be  placed, 
being  taken  to  prevent  leakage  along  the  pile.  The  concrete  shall  be 
e  same  quality  as  that  used  originally  in  the  pile.      Just  prior  to  placing 

ete,  the  top  of  the  pile  shall  be  thoroughly  wetted  and  covered  with  a 
coating  of  neat  cement.      The  forms  shall  remain  in  place  not  less  than 

s  and  shall  then  be  carefully  removed  and  the  entire  exposed  surface 
le  pile  finished  as  above  specified. 

5.32.  Methods  of  Measurement. — Only  the  actual  number  of  linear 
}f  accepted  piles  left  in  place  of  the  completed  work  shall  be  measured, 
llowance  will  be  made  for  cut-offs  or  any  unaccepted  footage.  "Build- 
constructed  as  required  shall  be  measured  as  piling,  provided  that  no 

ance  shall  be  made  for  "build-ups"  which  are  necessary  by  damage  to 
iles  during  driving. 
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105.33.  Basis  of  Payment. — The  piling  measured  as  provided  above  wi 
paid  for  at  the  contract  unit  price  bid  per  linear  foot  of  Precast  Cone 
Piling,  which  price  will  be  full  compensation  for  furnishing  all  mater 
equipment,  labor,  and  incidentals  necessary  to  complete  the  work,  ex< 
that  test  piles  ordered  but  not  used  in  the  work  be  paid  for  as  extra  wort 

Item  106.     Cast-in -place  Concrete  Piling1 

1 06. 1.  Description. — These  piles  shall  consist  of  a  metal  shell  drive 
the  location  and  to  the  elevation  shown  on  the  plans,  which  shall  remai 
place,  and  concrete  cast  in  place  in  the  shell,  all  as  prescribed  in  t 
specifications. 

106.2.  Materials  and  requirements  for  concrete  and  reinforcing  : 
shall  be  the  same  as  prescribed  for  Precast  Concrete  Piling,  with  the  a 
tional  requirement  that  in  all  cases  the  reinforcement  shall  be  of  the 
system,  rigidly  fastened  together  and  lowered  into  the  shell.  No  lopse 
will  be  permitted. 

106.3.  Metal  Shells. — The  metal  shall  be  of  a  sufficient  thickness 
reinforced  to  such  an  extent  that  it  will  hold  its  original  form  and  shoi 
signs  of  distortion  after  the  ore  has  been  withdrawn.  The  design  of 
shell  shall  be  submitted  to  and  approved  by  the  engineer  before  any  dri 
is  done.  After  the  shell  has  been  driven  and  the  core  withdrawn,  it  sha 
inspected  and  approved  before  any  concrete  is  placed.  No  payment 
be  made  for  any  shell  which  has  been  improperly  driven,  is  broken,  or  01 
wise  defective,  and,  if  necessary,  any  such  shell  shall  be  removed 
replaced. 

106.4.  Construction  Methods. — No  concrete  shall  be  placed  unti 
driving  within  a  radius  of  15'  has  been  completed,  or  until  all  the  shell 
any  one  bent  have  been  completely  driven.  If  this  cannot  be  done,  all  1 
ing  within  the  above  limits  shall  be  discontinued  until  the  concrete  ir 
last  pile  cast  has  set  at  least  7  days,  and  no  load  shall  be  allowed  on  anj 
cast  less  than  7  days. 

106.5.  Concrete  shall  be  placed  continuously  in  each  pile,  care  being  j 
to  fill  every  part  of  the  shell  and  to  work  concrete  around  the  reinforce: 
without  displacing  it.  No  concrete  shall  be  placed  in  shells  containin 
accumulation  of  water. 

106.6.  Method  of  Measurement. — Only  the  actual  number  of  lineal 
of  accepted  piles  left  in  place  in  the  completed  work  shall  be  measured, 
allowance  will  be  made  for  cut-offs  or  any  unaccepted  footage. 

106.7.  Basis  of  Payment. — The  piling  measured  as  provided  above 
be  paid  for  at  the  contract  unit  price  bid  per  linear  foot  for  Cast-in- 
Cqncrete  Piling,  which  price  will  be  full  compensation  for  furnishing 
driving  the  shells,  for  all  materials,  equipment,  labor,  and  incide 
necessary  to  complete  the  work,  except  that  test  piles  ordered  but  not 
in  the  work  will  be  paid  for  as  extra  work. 

Item  107.     Plain  Rip-rap1 

1 07. 1.  Description. — This  item  shall  consist  of  a  protective  courii 
layer  of  "one-man"  stone  laid  on  slopes  and  at  such  places  as  shown  0:] 
plans  or  as  designated  by  the  engineer,  and  filled  with  spalls,  and  sha  I 
constructed  in  accordance  with  these  specifications  and  in  conformity  1 
the  depth  of  course  and  other  details  shown  on  the  pertinent  cross-sectic  J 

107.2.  Material. — The   "one-man  stone"   shall   be  free  from   struc  | 
defects,  of  approved  quality,  not  less  than  }§  cu.  ft.  in  volume,  and  no 
than  3"  thick.     The  width  of  the  stones  shall  not  be  less  than  twici  1 
thickness.     The  spalls  shall  be  of  material  of  similar  quality. 

107.3.  Construction  Methods. — Slopes,  where  rip-rap  is  used,  shall  1 
steeper  than  the  angle  of  repose,  unless  otherwise  indicated  or  dire 
The  stone  shall  be  bedded,  one  against  the  other,  with  the  ends  in  corj 
The  spaces  between  the  larger  stone  shall  be  filled  with  spalls  of  suitable 
and  all  spalls  shall  be  rammed  thoroughly  into  place.  The  finished  su 
of  the  rip-rap  shall  present  an  even,  tight  surface  true  to  the  lines,  gr 
and  sections  given. 

107.4.  Method  of  Measurement. — This  item  shall  be  measured  bj 
square  yard  complete  in  place.  The  measurement  shall  be  made  pa 
to  the  face  and  not  necessarily  horizontally. 

107.5.  Basis  of  Payment. — The  yardage  of  completed  and  accepted 
measured  as  provided  above  shall  be  paid  for  at  the  contract  unit 
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per  square  yard  for  Plain  Rip-rap,  which  price  shall  be  full  compensation 
furnishing  and  hauling  all  material,  for  all  quarrying  involved,  for  all 
>r,  equipment,  tools,  and  incidentals  necessary  to  complete  the  work. 

Item  108.     Grouted  Rip-rap1 

>8.i.  Description. — This  item  shall  consist  of  a  protective  course  or 
r  of  "one-man"  stone  laid  on  slopes  and  at  such  places  as  shown  on  the 
is  or  as  designated  by  the  engineer,  and  grouted,  and  shall  be  constructed 
ccordance  with  these  specifications,  and  in  conformity  with  the  depth  of 
■se  and  other  details  shown  on  the  pertinent  cross-sections. 
38.2.  Material. — The  "one-man  stone"  shall  be  free  from  structural 
cts,  of  approved  quality,  not  less  than  Mo  cu.  ft.  in  volume,  and  not  less 
i  4"  thick  and  5"  wide. 

)8.3.  Construction  Methods. — Slopes,  where  rip-rap  is  used,  shall  be  no 
per  than  the  angle  of  repose,  unless  indicated  or  directed.  The  stone 
1  be  bedded,  one  against  the  other,  with  the  ends  in  contact. 
8.4.  Application  of  Grout  Filler. — After  the  stones  have  been  tamped, 
ected,  and  approved,  the  spaces  between  the  stones  shall  be  filled  with 
ent  grout  consisting  of  1  part  Portland  cement  and  2  parts  approved 
L 

)8.S-  Method  of  Measurement. — This  item  shall  be  measured  by  the 
ire  yard  complete  in  place.  The  measurement  shall  be  made  parallel 
ie  face  and  not  necessarily  horizontally. 

8.6.  Basis  of  Payment. — The  yardage  of  completed  and  accepted  work 
sured  as  provided  above  shall  be  paid  for  at  the  contract  unit  price  bid 
square  yard  for  Grouted  Rip-rap,  which  price  shall  be  full  compensation 
"urnishing  and  hauling  all  material,  for  all  quarrying  involved,  for  all 
r,  equipment,  tools,  and  incidentals  necessary  to  complete  the  work. 

Item  B-6  (L.  &  U.). — Loaded  and  Unloaded  Test  Piles2 

Description. — (a)  Loaded  test  piles  shall  consist  of  loading  any  type 
le  with  twice  the  loading  specified  on  the  plans.     Loaded  test  piles  will 

Iriven   where  directed  by  the  engineer  and  in  accordance   with  these 

ifications. 

)   Unloaded  test  piles  shall  be  of  timber  and  of  the  same  cross-section 

le  piling  called  for  on  the  plans.     It  shall  be  of  such  length  and  shall  be 

m  as  directed  by  the  engineer. 

>th  types  of  test  piles  shall  be  driven  with  the  same  equipment  that  is 
i  used  by  the  Contractor  in  driving  the  piles  called  for  on  the  plans. 
Excavation. — All  excavation  of  the  foundation,  if  any,  shall  be  com- 
d  before  driving  is  commenced  in  accordance  with  the  specifications 

he  particular  type  of  piling  used. 

Method  of  Testing,  (a)  Loaded  Test  Piles. — After  the  pile  of  the  type 
fied  by  the  engineer  has  been  driven  in  accordance  with  the  require- 

ts  of  the  specifications  for  that  type,  it  shall  be  loaded.      The  loading 

srial  shall  be  of  any  kind  approved  by  the  engineer.  The  loading  plat- 
or  box  shall  be  so  constructed  that  readings  may  be  taken  directly  on 

pile.      This  platform  or  box  shall  be  so  built  as  to  carry  safely,  in  the 

ion  of  the  engineer,  an  amount  of  the  approved  material  equal  in  weight 

wice  the  loading  shown  on  the  plans.      Before  the  platform  or  box  is 

tructed,  any  split  or  broomed  portion  of  the  pile  shall  be  cut  off,  leaving 
nd  surface  to  support  the  box. 

e  loading  material  shall  be  applied  gradually,  as  directed  by  the 
.eer,  and  shall  be  so  placed  that  at  all  times  the  load  will  be  concentric 
the  pile._    The  loading  material  shall  be  placed  within,  usually,  24  hr. 

•  the  pile  is  driven,  unless  otherwise  directed  by  the  engineer. 
e  capacity  of  any  pile  so  tested  shall  be  considered  equal  to  one-half 

oad  carried  by  the  pile  without  exceeding  a  total  permanent  settlement 
"in  48  hr.,  unless  otherwise  specified  by  the  engineer. 

)  Unloaded  Test  Piles. — Piles  of  this  type  shall  be  driven  in  accordance 
the  specifications  for  the  particular  type  of  piling  shown  on  the  plans, 
piles  shall  be  driven  until  the  capacity  as  determined  by  formula  is 

1  to  that  shown  on  the  plans,  or  until  the  required  penetration  is  obtained, 

3S  otherwise  directed  by  the  engineer.  The  length  of  piles  driven 
be  as  determined  by  the  engineer.     In  case  it  is  necessary,  as  deter- 

sd  by  the  engineer,  to  jet  any  piles,  it  shall  be  done  as  specified  under 

•eated  and  Treated  Timber  Piling. 
Texas.  2  North  Carolina. 
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4.  Basis  of  Payment,  (a)  Loaded  Test  Piles. — This  work  shall  be  ] 
for  at  the  contract  unit  price  for  Loaded  Test  Piles.  This  price  will  inc 
all  materials,  equipment,  tools,  labor,  and  work  incidental  to  construe 
the  platform  or  box,  procuring  and  placing  the  loading  material,  remo 
both  the  platform  or  box  and  material,  and  disposing  of  same  as  dire 
by  the  engineer.  The  piling  test  will  be  paid  for  in  accordance  with 
Basis  of  Payment  for  the  particular  type  of  piling  used.  No  payment 
be  made  for  test  loadings  made  or  test  piles  driven  that  are  not  in  accord; 
with  these  specifications  or  as  directed  by  the  engineer  and  accepted  by  ] 

(b)    Unloaded  Test  Piles. — This  work  will  be  paid  for  at  the  contract 
price  for  Unloaded  Test  Piles  complete  in  place.     This  price  will  inc  I 
all  materials,  equipment,  tools,  jetting,  labor,  and  work  incidental  then 
No  payment  will  be  made  for  test  piles  driven  that  are  not  in  accord;  | 
with  these  specifications  or  as  directed  by  the  engineer  and  accepted  by  1 

Item  B-7.     Sheet  Piling1 

1.  Description. — This  specification  covers  only  such  sheet  piling  1 
shown  on  the  plans  or  is  ordered  by  the  engineer  to  be  left  in  place  so 
it  becomes  a  part  of  the  finished  structure.  _ 

2.  Material. — The  timber,  unless  otherwise  definitely  noted  upon  the  p 
or  specified,  may  consist  of  any  species  which  will  satisfactorily  stand  drr\  I 
It  shall  be  sawn  or  hewn  with  square  corners  and  shall  be  free  from  w^ 
holes,   loose   knots,   wind   shakes,    decayed   or  unsound   portions,   or  c 
defects  which  might  impair  its  strength  or  tightness. 

The  piles  shall  be  of  the  thickness  specified  or  directed  and  shall' be 
vided  with  tongues  and  grooves  of  ample  proportions,  either  cut  from 
solid  material  or  made  by  building  up  the  piles  of  three  planks  sect 
fastened  together.  The  piling  shall  be  drift  sharpened  at  their  lower 
so  as  to  wedge  the  adjacent  piles  together  tightly. 

3.  Construction.— The  tops  of  the  piles  shall  be  cut  off  to  a  straight 
at  the  elevation  indicated  and  shall  be  braced  with  a  waling  strip,  proj 
lapped  and  joined  at  all  splices  and  corners,  The  wales  shall  preferabl 
in  one  length  between  corners  and  shall  be  bolted  near  the  top  of  each 
When  in  contact  with  a  concrete  footing,  the  waling  strip  shall  be  pi 
upon  the  outside  of  the  piles  at  such  an  elevation  that  it  can  be  braced 
steel  tie  rods  embedded  in  the  concrete  footing.  _ 

4.  Driving. — Sheet  piling  shall  be  driven  with  either  a  maul,  sis 
gravity,  or  steam  hammer,  as  approved  by  the  engineer.  In  case  it  is  n  I 
sary,  in  order  to  obtain  the  penetration  required,  the  piling  shall  be  ;ettt  1 

5.  Basis  of  Payment. — Payment  will  be  made  at  the  contract  prict 
thousand  feet,  board  measure,  for  Sheet  Piling,  which  price  will  in elude ■ 
cost  of  furnishing,  driving,  and  cutting  off  such  piles  as  are  required, 
ment  will  be  made  only  for  that  portion  remaining  in  place  and  no  allow 
will  be  made  for  material  cut  off,  or  for  any_  piling  that  is  not  drive 
accordance  with  these  specifications,  or  as  directed  by  the  engineer 
accepted  by  him. 

Concrete  Materials  and  Construction2 

1.  Composition. — (a)  Concrete  for  culvert  and  bridge  structures  sha 
composed  of  Portland  cement,  water,  sand  aggregate,  and  stone  aggrt 
mixed  and  placed  by  such  means  and  in  such  manner  as  to  produce  iri 
finished  structures  a  conglomerate  mass  having  uniform  texture  and  strei 

Materials 

2.  Cement. — (a)    All   Portland    cement  used  shall  fulfil  the  physical 
chemical  requirements  of  the  U.  S.  Bureau  of  Standards,  Circular  33, 
the  A.S.T.M.    Standard    Specifications    and    Tests    for    Portland    Cerl 
(Serial  Designation  Cg— 17),  with  any  subsequent  amendments  and  a  adit  I 
thereto  adopted  by  the  Society. 

(b)  All  cement  shall  be  delivered  in  suitable  packages  with  the  brand! 
the  name  of  the  manufacturer  plainly  marked  thereon.     All  cement 
be  dry  and  free  from  lumps.     Except  when  otherwise  provided,  the  ceil 
for  any  given  structure  shall  be  of  only  one  brand  and  produced  by  a  s:| 
mill.     All  cement  shall  be  sampled  after  delivery. 

(c)  All  cement  shall  be  stored  in  weatherproof  buildings  having  the  f! 
properly  blocked  or  raised  from  the  ground  to  prevent  absorption  of  moisl 
Provision  for  storage  shall  be  ample,  and  the  shipments  of  cement  as  rece| 
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11  be  separately  stored  m  such  a  manner  as  to  provide  easy  access  for 
itification  and  inspection  of  each  shipment.  The  use  of  cement  damaged 
weather  shall  not  be  permitted,  and  all  damaged  cement  from  whatever 
se  shall  be  removed  immediately  from  the  work. 

Sand  Aggregate. —  (a)  The  sand  aggregate  for  concrete  shall  consist  of 
d,  tough,  preferably  silicious  material ;  clean,  free  from  mineral  or  other 
tings,  lumps,  soft  particles,  clayey  dust,  "clay  balls,"  loam  or  other 
sterious  vegetable  or  mineral  matter.  The  particles  shall  be  well  graded 
m  a  size  that  will  pass  a  "standard"  sieve  having  four  meshes  per  linear 
1  to  a  size  retained  upon  a  "standard"  sieve  having  100  meshes  per  linear 
1.  Not  more  than  25%  and  not  less  than  15%  shall  pass  a  "standard" 
e  having  50  meshes  per  linear  inch,  or  a  "Tyler"  sieve  having  48  meshes 
linear  inch. 

b)  Sand  shall  not  contain  more  than  5  %  by  weight,  of  sandy  dust 
iterial  passing  a  100-mesh  sieve),  and  not  more  than  3  %,  by  weight,  shall 

emovable  by  the  elutriation  test. 

c)  Mechanical  analysis  of  the  grading  shall  be  made  from  carefully  pre- 
ed  samples  taken  by  the  method  of  quartering. 

d)  The  presence  of  deleterious  organic  impurities  in  sand  shall  be  tested 
determined  by  the  "  Abrams-Harder"  field  test. 

e)  Stone  screenings  may,  at  the  option  of  the  engineer,  be  used  as  sand 
regate  either  alone  or  in  combination  with  sand. 

f)  The  particles  of  stone  shall  be  generally  angular  and  shall  be  uniformly 
ded  from  a  size  that  will  pass  through  a  revolving  screen  having  circular 
nings  f&"  in  diameter  to  a  size  that  will  be  retained  upon  a  "standard" 
e  having  100  meshes  per  linear  inch.  Stone  screening  shall  not  contain 
-e  than  5%   of  fine  crusher  dust   (material  passing  a   100- mesh  sieve). 

enings  shall  have  been  produced  from  strong,  tough,  and  durable  rock 
ing  a  French  coefficient  of  wear  of  not  less  than  6,  and  shall  be  free  from 
1,  elongated,  or  laminated  particles,  disintegrated  rock,  fine  clayey  dust, 
n,  or  other  deleterious  vegetable  or  mineral  matter. 

Stone  Aggregate. — (a)  The  stone  aggregate  for  concrete  shall  consist 
jarticles  of  broken  stone  or  of  gravel  originating  from  uniformly  strong, 
gh,  and  durable  rock  having  a  French  coefficient  of  wear  of  not  less  than 
id  shall  be  free  from  elongated  and  laminated  particles,  disintegrated  rock, 

clayey  dust,  loam,  or  other  deleterious  vegetable  or  mineral  matter. 

grading  of  the  particles  from  coarse  to  fine  shall  be  approximately  uni- 

,  the  maximum  size  depending  upon  the  character  and  details  of  the 
k  to  be  constructed.     The  volume  of  the  concrete  mass,  location  and 

ing  of  reinforcing  steel,  height  of  forms,  etc.,  shall  be  considered  in 
;rmining  the  maximum  size  or  sizes  of  the  stone  aggregate.      However, 

following  sizes  passing  screens  having  circular  openings  are  generally 
licable : 

Structure  Size  of  Screen 

ss  concrete  2'  and  over  in  thickness  or  depth 2,^-3" 

ss  concrete  under  2'  in  thickness  or  depth iJ€~2j^/' 

nforced-concrete  walls  2'  or  more  in  thickness  with  reinforcing 

metal  6"  or  more  apart 2M" 

nforced-concrete  walls   10"  to   2'  in  thickness  with  reinforc- 
ing metal  3  to  6"  apart 2" 

nforced-concrete  walls  under  10"  in  thickness i)4" 

nforced-concrete  beams,  girders,  and  spandrel  arch  ribs  with 

reinforcing  steel  spaced  2"  in  clear  between  bars iM" 

nforced-concrete  beams,  girders,  and  spandrel  arch  ribs  with 

reinforcing  steel  spaced  under  2"  in  clear  between  bars %-i" 

nforced-concrete  bridge  floors  and  bridge  sidewalk  slabs 9^-iM" 

forced-concrete  columns,  plain 1H-2" 

forced-concrete  columns,  hooped %-iM" 

Ige  hand  rails  and  balustrades. ?£—  1" 

crete  placed  under  water %-i  ' 

))  The  minimum  size  of  particles  shall  be  that  retained  upon  a    sieve 

ing  four  meshes  per  linear  inch. 

:)   Broken  stone  shall  contain  not  over  5%,  by  weight,  of  clean  crusher 

t.     Gravel  shall  contain  not  over   5%,   by   weight,   of  sand  aggregate 

terial  passing  a  sieve  having  four  meshes  per  linear  inch),  and  shall  be 

from  mineral  or  other  coating. 

,  Premixed  Aggregate. — (a)   Premixed  aggregate  in  the  form  of  pit  or 

k-run  gravel  shall  be  used  instead  of  separate  sand  and  stone  aggregates 
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only  when  permitted  by  the  engineer,  in  writing.  Its  granulometric  con 
sition  and  other  physical  properties  shall  conform  to  the  requirements 
its  sand  and  stone  contents  when  considered  independently.  Freqi 
tests  shall  be  made  to  determine  the  relative  proportions  of  sand  and  st 
aggregates  and  the  granulometric  composition  of  each.  Irregular 
may,  at  the  option  of  the  engineer,  be  corrected  by  the  addition  of  sand  c 
stone  aggregates,  as  conditions  may  require  to  secure  a  satisfactory  mate 
Irregularities  rendering  it  impracticable  to  secure  a  satisfactory  comb: 
aggregate  shall  be  considered  ample  reason  for  discontinuing  the  ust 
premixed  aggregates  and  for  requiring  that  such  material  be  screened 
used  as  separate  sand  and  stone  aggregate.  _ 

(b)   Premixed   aggregate   containing   an   inadequate   proportion   of  si 
aggregate  may,  at  the  option  of  the  engineer,  be  used  in  concrete,  prov: ' 
the  contractor  will  undertake,  in  writing,  to  provide  at  his  own  expense  — 
additional   quantity   of   cement   required   to   produce   concrete   having 
strength  of  the  grade  contemplated  in  comparison  with  the  quality  requ 
for  a  i :  2  relation  of  sand  and  stone  aggregates.     The  contractor  shall  " 
bear  the  expense  involved  in  making  the  laboratory  tests  required  for 
determination  of  the  premixed  aggregate  relation. 

6.  One-man  Stones. —  (a)  One-man  stones  to  be  used  in  rubble  or  Cy 
pean  concrete  and  as  bond  or  dowel  stones  in  construction  joints  shall  cor 
of  angular  fragments  of  tough,  dense,  and  durable  rock,  having  a  Fre 
coefficient  of  wear  of  not  less  than  6.  They  shall  be  free  from  seam: 
other  structural  defects,  foreign  substances,  and  coating  of  any  charac 
In  general,  the  maximum  size  of  the  stones  shall  not  exceed  that  which 
man  can  lift  and  readily  move  about,  while  the  minimum  shall  not  inc. 
stones  measuring  less  than  6"  in  their  shortest  dimension. 

7.  Water. —  (a)  All  water  used  in  concrete  or  used  for  curing  cone 
shall  be  subject  to  the  approval  of  the  engineer.  It  shall  be  fresh,  reason* 
clear  and  free  from  oil,  acid,  alkali,  and  vegetable  matter,  or  other  deleter 
substances. 

(b)  An  effective  means  shall  be  provided  for  the  gaging  of  the  mi: 
water  for  concrete.  The  device  used  for  gaging  shall  be  controllable  to 
extent  of  varying  the  quantity  of  water  to  be  used  per  batch  within  a  ; 
missible  range  of  1  pt.  per  bag  of  cement  used  in  the  concrete  mix. 

Field  Tests 

8.  Test  Specimen  Molds. —  (a)  Molds  for  field  and  laboratory  use  s 
be  produced  from  steel  piping  so  fabricated  as  to  be  adapted  to  the  proc 
tion  of  concrete  cylinders  6"  in  diameter  by  12"  long. 

(b)  To  provide  for  the  easy  removal  of  the  cylinders  from  the  mol 
longitudinal  element  of  the  original  pipe  shall  be  machined  out  and 
open  space  so  produced  shall  be  closed  by  forcing  the  metal  edges  into  c 
contact  with  clips  and  bolts  or  by  ring  clamps  surrounding  the  molds. 

c.  The  inside  of  the  molds  shall  be  smooth  and  the  sharp  edges  shall  1 
all  burrs  and  roughness  removed.  The  ends  shall  be  cut  true  and  para 
Each  mold  shall  be  provided  with  a  steel  baseplate  measuring  (10  by  k 
?8   J- 

9.  Preparation  of  Specimens. — (a)  For  the  purpose  of  determining 
quality  of  concrete  being  produced,  test  specimens  shall  be  taken  at  s 
intervals  as  the  engineer  may  direct. 

(b)  In  general,  the  concrete  used  for  specimens  shall  be  taken  from 
middle  of  the  batches  while  being  discharged  from  the  mixer  drum.  H 
ever,  the  engineer  may  for  specific  reasons  require  that  the  test  sampk 
taken  from  the  first  or  the  last  concrete  discharged  from  the  mixer  or  fi 
the  mass  of  concrete  after  it  has  been  subjected  to  the  operations  of  plac 

(c)  The  concrete  shall  be  carefully  compacted  in  the  molds  by  the  us 
a  slicing  tool  prepared  from  a  piece  of  £s"  diameter  rod  flattened  for  a  ler 
of  5  to  6"  to  a  thickness  of  ^3  2  to  }?i"  to  form  a  blade-like  tool,  the  full  ler 
of  which  shall  be  approximately  15"  exclusive  of  the  handle  produced 
bending  the  rod  to  form  a  hand  grip  of  convenient  shape. 

(d)  It  is  important  that  the  test  cylinders  be  free  from  honeycomb 
"pockets"  of  stone  aggregate.      It  is  especially  important  that,  so  fai 
possible,  all  the  mixing  water  be  retained  by  the  molds  within  the  cone: 
mass. 

(e)  Special  care  shall  be  exercised  in  finishing  the  top  ends  of  the  cylinc 
true  and  even  to  permit  a  uniform  bearing  in  the  testing  machine.  Finis! 
may  be  executed  in  either  of  two  ways: 

1.  By  filling  the  specimen  molds  up  to  within  }•£  to  ^%"  of  their  tops,  tl 
after  a  period  of   15  to  20  min.  has  elapsed,  completing  the  cylinders 
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)ing  with  neat  cement  paste  and  using  a  cover  plate  of  heavy  plate  glass 
if  metal  to  shape  the  top  surface,  the  plate  being  adjusted  to  perfect 
;act  with  the  top  edge  of  the  molds.  Plate  glass  or  metal  plates  shall 
rally  be  8  by  8"  in  size  and  shall  be  oiled  on  under  side  to  permit  their 
[y  removal  when  the  concrete  has  taken  a  "green  set." 
o  prevent  excess  shrinkage  the  cement  paste  must  be  mixed  to  form 
roximately  a  "normal  consistency"  mass  and  should  be  prepared  several 
utes  in  advance  of  its  application  to  the  cylinder  ends. 

By  the   use   of   a  plaster   mason's  trowel   to   remove  excess   concrete 
erial  from  the  top  surfaces  of  the  specimens  and  to  dress  these  surfaces 

and  even  by  carefully  troweling  them  flush  with  the  top  edge  of  the 
imen  molds. 

0  prevent  evaporation  of  the  moisture  the  specimens  shall  be  covered 
wet  cloths  as  soon  as  troweled.      These  cloths  are  to  be  kept  moist. 

Stripping,  Marking,  and  Curing  Specimens. — (a)  Cylinders  shall 
ain  in  the  molds  24  hr.  before  being  removed.  Immediately  upon 
Dval  they  shall  be  carefully  marked  for  identification,  preferably  with 
k  paint,  and  shall  be  cured  by  burying  in  wet  sand  until  the  expiration 
le  test  period. 

)  Identification  marks,  if  placed  upon  the  top  ends  of  the  cylindeis  while 
oncrete  is  green,  shall  be  so  executed  as  to  not  impair  or  injure  the  surface 
ing  while  testing. 

Proportioning 

Grades  and  Strengths. — (a)   Concrete  for  culvert  and  bridge  structures 
be  divided  into  four  grades,  viz.:  A,  B,  C,  and  D. 
)   Concrete  of  each  grade  when  mixed  in  accordance  with  the  specified 
irements  for  mobility  and  time  of  mixing  and  molded  into  test  cylinders 

1  diameter  by  12"  long  shall  develop  not  less  than  the  following  compres- 
strengths  in   pounds  per  square  inch   at   the   ages   of    7   and   28   day3 

actively: 

Grade  7  Days  28  Days 

A  2100  3000 

B  1500  2300 

C  1000  1700 

D  700  1200 

ipressive  strength  shall  be  determined  from  an  average  of  five  cylinders 
sd  at  each  age. 

>   If  the  test  ^specimens  fail  to  fulfil  the  strength  requirements  for  7-day 
and  the  28-day  tests  show  the  strength  desired  for  the  grade  specified, 
xmcrete  shall  be  considered  acceptable. 

Proportions  of  Aggregates. — (a)  In  general,  the  relation  of  sand  to 
s  aggregate  shall  be  1  part  sand  to  2  parts  stone  measured  by  weight  or 
he  corresponding  volumes.  Preference  will  be  given  to  the  former, 
ations  from  this  ratio  will  be  subject  to  the  approval  of  the  engineer, 
quantity  of  sand  contained  in  the  stone  aggregate  shall  be  taken  account 
its  relation  to  the  total  sand  content  of  the  mix.  The  accurate  measure- 
t  of  the  aggregates  used  per  batch  of  concrete  is  essential. 
.  Relation  of  Cement  to  Aggregates. — (a)  The  quantity  of  cement  to 
sed  per  batch  of  concrete  shall  be  determined  by  the  engineer  and  shall, 
:neral,  be  dependent  upon  the  quantity  necessary  to  produce  from  the 
sgates  to  be  used  a  workable  mix  which  will  secure,  in  the  finished. 
:ture,  concrete  having  strength  equal  or  greater  than  that  assumed  by 
onditions  of  the  design.  The  concrete  shall  also  possess  the  density, 
tiness,  and  other  physical  properties  necessary  for  durability.  Con- 
it  with  these  conditions  the  contractor  may  be  required  to  change  the 
:nt  content  of  the  mix  to  conform  with  variations  in  the  gradings  of  the 
gates. 

Whenever  considered  advisable,  in  the  opinion  of  the  engineer,  the 
tity  of  cement  to  be  incorporated  in  the  mix  shall  be  determined  by 
atory  tests,  which  shall  be  made  by  and  at  the  expense  of  the  Commis- 
Howeyer,  the  contractor  shall  supply  and  ship  f.o.b.  cars  the  quanti- 
pf  materials  required  for  such  tests.  If  test  specimens  are  prepared  at 
aridge  site  he  may  be  called  upon  to  provide  the  labor  necessary  for 
preparation. 

Mobility. — (a)  The  mobility  (consistency  or  workability)  of  the 
rete  is  mainly  dependent  upon  the  thoroughness  of  the  mixing  and  the 
tity  of  water  contained  in  the  mix.     The  mobility  of  the  concrete  mix 
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shall  be  at  all  times  as  the  engineer  may  direct.  However,  in  general, 
quantity  of  water  used  shall  be  sufficient  to  produce  concrete,  the  mc 
component  of  which  is  of  a  saturated,  sticky,  semiplastic  consistenc]-,  sr 
ing  no  free  water  when  removed  from  the  mixer,  and  when  transporte 
barrows,  buckets,  chutes,  etc.,  it  shall  show  no  appreciable  segregation  oi 
component  materials.  When  deposited  in  forms  it  shall  settle  in  place 
become  thoroughly  compacted  with  a  comparatively  small  amount  of  s- 
ing,  slicing,  or  other  manipulating.  When  transported  in  metal  ch 
placed  at  an  angle  of  300  with  the  horizontal  it  will  slide  (not  flow)  ti 
place  of  placing. 

(6)  The  top  surface  of  concrete  having  the  mobility  described  above 
show  a  cement  film  upon  the  set  concrete.  Accumulations  of  inert,  c 
like  material  commonly  known  as  "laitance"  result  from  the  use  of  an  ej 
sive  quantity  of  water  in  the  concrete  mix  and  are  indicative  of  low-strei 
concrete. 

15.  Mixing. — (a)   The  concrete  shall  be  mixed  in  the  quantities  reqi 
for  immediate  use  and  any  which  has  developed  initial  set,  or  which 
not  reach  the  forms  within  30  min.  after  the  water  has  been  added,  shall 
be  used. 

(b)  Unless  hand  mixing  is  especially  permitted  by  the  engineer,  the  mi 
shall  be  done  in  a  batch  mixer  cf  approved  size  and  type  which  will  insur 
uniform  distribution  of  the  materials  throughout  the  mass  so  that 
mixture  is  uniform  in  color  and  semiplastic  in  appearance.  The  mi 
shall  continue  for  a  minimum  time  of  1^  min.  after  all  the  material; 
assembled  in  the  drum,  during  which  time  the  drum  shall  revolve  at  the  s 
for  which  it  was  designed,  but  shall  make  not  less  than  14  nor  more 
20  r.p.m._  The  mixer  shall  be  equipped  with  an  attachment  for  autor 
cally  locking  the  discharging  device  so  as  to  prevent  the  emptying  of  the  n 
until  all  the  materials  have  been  mixed  together  for  the  minimum 
required.  The  entire  content  of  the  drum  shall  be  discharged  before 
materials  are  placed  therein  for  the  succeeding  batch. 

(c)  The  mixer  shall  have  a  capacity  of  not  less  than  a  "one-bag  batcr 
concrete. 

(d)  The  first  batch  of  concrete  materials  placed  in  the  mixer  shall  cot 
an  additional  quantity  of  sand,  cement,  and  water  sufficient  to  coal 
inside  surface  of  the  drum  without  diminishing  the  mortar  content  o:j 
mix.  Upon  the  cessation  of  mixing  for  any  considerable  length  of  1 
the  mixer  shall  be  thoroughly  cleaned  by  flushing  it  with  a  stream  of  v 
from  a  hose  or  by  the  use  of  some  other  satisfactory  method. 

16.  Hand  Mixing. —  (a)  When  hand  mixing  is  permitted,  the  sand  a;i 
pate  shall  be  spread  evenly  upon  the  platform  and  the  cement  spread  ■ 
it.  The  sand  aggregate  and  cement  shall  then  be  mixed  dry  with  sh 
or  spades  (mixing  with  hoes  shall  not  be  permitted)  until  a  uniform  co".  I 
attained,  after  which  the  mixture  shall  be  formed  into  a  "crater"  ancj 
quantity  of  water  necessary  to  produce  a  mortar  of  desired  mobility  pc  I 
thereon.  The  material  upon  the  outer  portion  of  the  "crater"  ring 
then  be  shoveled  to  the  center  and  the  entire  mass  sliced  and  turned 

a  uniformly  wet  mortar  is  produced.  The  stone  aggregate  which  shall  I 
been  previously  wetted  shall  then  be  deposited  upon  the  mortar  anc  I  f 
entire  mass  turned  and  returned  with  shovels  or  spades  until  all  the  s  I  [ 
particles  have  become  thoroughly  coated  with  mortar.  Hand-mixed  ba1 1  [ 
shall  not  exceed  -^  cu.  yd.  in  volume.  Mixing  platforms  shall  be  w  j  f 
tight  and  shall  be  of  ample  size  readily  to  accommodate  the  work  invo']| 
Hand  mixing  will  not  be  permitted  for  concrete  placed  under  water. 

17.  Retempering. — (a)  All  mortar  and  concrete  shall  be  used  while  1 
before  the  initial  set  has  begun.  No  retempering  of  mortar  or  com 
shall  be  allowed. 

Placing  and  Curing 

18.  Handling  and  Placing. — (a)  Concrete,  after  the  completion  of 
mixing,  shall  be  handled  rapidly  to  the  place  of  final  deposit.  When  cr 
are  used  they  shall  be  so  designed  as  to  transport  the  concrete  at  or  nea: 
place  of  depositing  so  as  to  avoid  rehandling.  Transportation  by  succe: 
shoveling  within  the  forms  shall,  in  general,  not  be  permitted.  Cr 
shall  be  of  metal,  or,  if  of  wood,  shall  be  metal  lined. 

(b)  The  concrete  shall  be  deposited  in  such  a  manner  as  will  prevenl 
separation  of  the  ingredient  materials  and  permit  its  thorough  corapai 
without  jarring,  deforming,  or  displacing  the  forms  or  the  metal  reinf< 
meat.      Dropping  the  concrete  from  too  great  a  height,  throwing  it  too  t 
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stance,  depositing  large  quantities  at  one  point  and  running  or  working 
ong  the  forms,  or  other  practices  tending  to  cause  segregation  shall  not 
ermitted.     In  general,  concrete  shall  not  be  dropped  from  a  height  greater 

5'.  It  shall  be  compacted  and  worked  into  contact  with  all  parts  of 
iorms  by  agitating  it  with  a  straight  spade  or  a  slicing  tool  kept  moving 
nd  down  until  the  mass  has  settled  into  place  and  all  surplus  water  has 
1  forced  to  the  surface.  Especial  care  shall  be  taken  to  break  down  any 
ing  action  and  to  prevent  the  formation  of  "pockets  of  stone."  The 
rete  shall  be  thoroughly  compacted  around  all  reinforcing  metal  to 
re  maximum  bond  therewith.  Care  shall  be  taken  not  to  jar  the  form 
£  or  the  reinforcement  metal  after  the  concrete  has  taken  its  initial  set. 
)   Wherever  practicable,   concrete  shall  be  deposited  continuously  for 

monolithic  section  of  the  work.  All  floor  slabs,  sidewalk  slabs,  and 
lar  thin  sections  of  the  work  shall  be  placed  full  thickness. 
)  In  general,  all  concrete  in  piers,  abutments,  and  retaining  walls  shall 
leposited  in  horizontal  layers  of  uniform  thickness  throughout.  The 
aiess  of  layers  shall  not  exceed  8  to  10".  An  incomplete  layer  shall  be 
with  a  vertical  construction  joint. 

)  In  general,  no  concrete  shall  be  placed  in  pier,  abutment,  or  other 
vations  without  forms.  When  placing  without  forms  is  permitted  by 
ngineer,  especial  care  shall  be  taken  that  lumps  of  earth  or  other  foreign 
ter  falling  from  the  sides  of  the  excavation  do  not  become  buried  in 
concrete. 

)  Horizontal  layers  so  located  as  to  produce  a  construction  joint  at  a 
bion  wherein  a  "feather  edge"  will  nominally  be  produced  in  the  succeed- 
layer  shall  be  so  formed  by  inset  form  work  that  the  succeeding  layer 
end  in  a  body  of  concrete  having  a  thickness  of  not  less  than  6". 
)  Each  layer  of  concrete  shall  generally  be  left  somewhat  rough  to 
re  an  efficient  bonding  with  the  next  layer  above.  A  succeeding  layer 
ed  before  the  underlying  layer  has  become  set  shall  be  compacted  in  a 
ner  that  will  entirely  break  up  and  obliterate  the  tendency  to  produce 
hstruction  joint  between  the  layers. 

)  Wooden  spacer  struts  and  braces  within  the  forms  shall  be  removed 
n  the  placing  of  concrete  has  reached  their  height.      These  pieces  of 

material  must  not  be  buried  within  the  concrete  mass. 
)  Layers  completing  a  day's  work  or  placed  just  prior  to  discontinuing 
porarily  concrete  operations  shall  generally  be  cleaned  of  all  "laitance" 
;her  objectionable  material  as  soon  as  the  concrete  has  become  sufficiently 

to  retain  its  form.  To  avoid  visible  joints  so  far  as  possible  upon  face 
,ce,  the  top  surface  of  the  concrete  adjacent  to  the  forms  shall  be  finished 
>eing  smoothed  with  a  plaster  mason's  trowel. 

)  In  all  cases  where  face  surfaces  are  to  have  a  mortar  surface,  whether 
>ed  or  not,  a  spade  or  slicing  tool  shall  be  worked  between  the  concrete 
the  form  to  force  back  the  stone  aggregate  and  to  produce  a  dense  mortar 

)  In  all  cases  where,  on  account  of  the  obstructions  produced  by  rein- 
ing metal,  shape  of  forms,  or  any  other  uncontrollable  condition,  difficulty 

countered  in  puddling  the  concrete  adjacent  to  the  forms,  the  mortar 
ent  of  the  mix  shall  be  brought  into  proper  contact  with  interior  surfaces 
dbrating  the  forms.  The  vibrations  shall  be  produced  by  striking  their 
ide  surfaces  with  wooden  mallets  or  by  any  other  means  satisfactory 

e  engineer. 

)  Top  surfaces  of  bridge  seats,  backwalls,  parapet  walls,  curbs  and  hand- 
bases,  retaining  walls,  roadway  slabs,  etc.,  shall  generally  be  "struck" 
1  a  straight-edge  or  "floated"  after  the  stone  aggregate  has  been  forced 
w  the  finished  elevation  of  the  concrete.  The  use  of  a  layer  of  mortar 
roduce  the  final  finished  surface  shall  not  be  permitted.  Surfaces  which 
ultimately  support  the  pedestals  of  girders,  trusses,  columns,  or  other 
al  superstructure  parts  shall  be  finished  smooth,  true,  and  even.  To 
re  the  production  of  roadway  and  sidewalk  slabs  having  the  thickness 
cated  upon  the  plans,  their  top  surfaces  shall  be  screeded  to  correct  con- 
s  by  the  use  of  strike  boards  supported  upon  firm  guides  or  screeding 
)S.  It  is  important  that  the  top  surface  of  roadway  and  sidewalk  slabs 
.ccurately  finished  to  true  elevation  and  grade. 

)  Care  must  be  taken  that  face  surfaces  of  forms  and  the  surface  of 
forcement  do  not  become  splashed  with  concrete  which  will  take  its 
al  set  before  becoming  covered  by  the  concrete  being  placed  in  the  work, 
ishes  that  have  taken  such  initial  set  shall  be  carefully  removed  and  the 
ace  of  the  form  again  wetted  or  oiled. 
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(«)  In  no  case  shall  the  work  on  any  section  or  layer  be  stopped  or  te: 
rarily  discontinued  within  18"  below  the  top  of  any  face,  unless  the  d< 
of  the  work  provide  for  a  coping  having  a  thickness  less  than  18",  in  v 
case,  at  the  option  of  the  engineer,  the  construction  joint  may  be  mat 
the  under  side  of  the  coping. 

(o)  In  placing  concrete  in  columns  the  work  shall  be  discontinued  a 
elevation  of  the  bottom  of  the  girders,  beams,  or  slabs  taking  bearing 
them  for  a  period  of  not  less  than  2  hr.  before  continuing  the  placn 
concrete  in  the  girders,  beams,  or  slabs.  Each  column  shall  be  examine 
accumulations  of  "laitance"  or  other  foreign  matter  which,  if  present, 
be  removed  in  preparation  for  resuming  the  placing  of  concrete.  The 
ing  of  concrete  in  column  forms  shall  not  be  discontinued  at  an  interme' 
point  between  base  and  top. 

(p)  All  concrete  in  through  girder  spans  shall  be  placed  complete 
single  operation.  All  concrete  in  slab  spans  shall  be  placed  complete 
single  operation  up  to  the  tops  of  wheel  guards  or  hand-rail  bases. 
T-beam  spans  shall,  unless  otherwise  permitted  by  the  engineer,  be 
structed  in  a  single  operation.  When  the  concrete  of  the  T-stem  is  perm 
to  be  placed  independent  of  the  slab  section,  the  construction  joint  she 
located  at  the  under  side  of  the  slab  and  the  bond  between  stem  and 
shall  be  a  mechanical  one  produced  by  embedding  2  by  4"  wooden  b 
having  a  length  approximately  4"  less  than  the  width  of  the  stem  in  th 
surface  of  the  concrete  when  placed.  To  provide  for  the  uniform  spj 
of  the  blocks  and  their  ready  removal  when  the  concrete  has  taken 
sufficient  to  hold  its  form,  the  blocks  shall  be  beveled  y±"  on  the  side: 
ends  and  shall  be  firmly  nailed  upon  a  board  at  a  distance  of  1'  cent 
center.  The  blocks  shall  be  thoroughly  oiled  to  facilitate  their  ri 
removal  from  the  concrete. 

(q)   When  new  concrete  is  placed  upon  the  top  of  a  preceding  day's 
or  upon  the  top  of  concrete  that  has  become  fully  set  especial  care  sh£ 
take  that  the  outer  edge  of  the  new  layer  of  concrete  shows  at  all  tin 
fringe  of  mortar  to  assure  perfect  contact  with  the  surface  of  the  exi 
concrete. 

(r)  The  placing  of  concrete  in  solid  and  open  spandrel  arches  invo 
volumes  too  great  for  monolithic  construction  shall  be  subdivided  a: 
engineer  may  direct.  In  general,  the  order  of  construction  or  sequen 
the  work  shall  be  shown  upon  the  plans  and  shall  include  details  of  k 
construction  joints  in  arch  rings  and  their  locations  together  with  the  di 
for  the  attachment  of  spandrel  walls  to  the  outer  edge  of  arch  rings.  Sec 
shall  be  so  arranged  that  initial  stresses  will  not  be  created  in  the  r 
reinforcement. 

(s)  The  placing  of  concrete  in  solid  and  open  spandrel  arches  shall 
erably  be  a  single  continuous  operation  and  to  secure  a  proper  loadin 
the  centering  shall  involve  symmetrical  placing  about  the  crown  of  the  . 
The  extrados  of  the  arch  ring  shall  be,  unless  shaped  by  an  extrados  f 
screeded  to  correct  contour  and  finished  with  a  wooden  float  to  secui 
even,  uniform  surface. 

(/)  Spandrel  wall  concrete  shall  not  be  placed  until  after  the  arch  cent( 
has  been  released.  The  placing  of  concrete  in  the  copings  of  spandrel  ' 
and  in  hand  rails  shall  not  be  commenced  until  all  spandrel  wall  concre 
in  place  and  a  sufficient  length  of  time  has  elapsed  to  permit  the  arc 
adjust  itself  to  the  loads  produced  by  the  latter. 

(w)  Construction  joints  in  abutments,  piers,  and_  retaining  walls  ar 
portions  of  superstructures  wherein  the  conditions  involved  may  resu 
the  seepage  of  water  through  the  joints  and  thefuture  discoloratio 
exposed  surfaces  shall  contain  water  baffles  consisting  of  a  sheet  of  zii 
galvanized  iron  6"  in  width  set  vertically  at  a  distance  of  not  less^  I 
3"  from  the  exposed  face  surface  and  embedded  one-half  its  width  in 
concrete  below  the  joint  and  the  remaining  width  in  the  concrete  above, 
sections  or  strips  of  metal  shall  overlap  not  less  than  6"  at  their  ends. 

19.  Placing  in  Cold  Weather. — (a)  In  general,  no  concrete  shall  be  m 
and  placed  when  the  air  temperature  is  at  or  below  35°F.  When  the  mi 
and  placing  of  concrete  are  permitted,  in  writing,  by  the  engineer,  sp' 
precautions  shall  be  taken  to  avoid  the  use  of  materials  containing  f: 
and  efficient  and  adequate  means  shall  be  provided  to  prevent  the  chi 
or  freezing  of  the  concrete.  At  the  time  it  is  placed  in  the  forms,  the  cone 
shall  have  a  temperature  not  lower  than  50°F.  The  protection  affoi 
shall  conform  to  the  requiremnts  of  Sec.  27,  Curing  Concrete.  The  me1 
of  heating  the  concrete  materials  shall  be  approved  by  the  engineer,  but 
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c  shall  be  done  entirely  at  the  risk  of  the  contractor.  The  use  of  salt 
ny  other  chemical  to  prevent  freezing  or  to  procure  quick  setting  of  the 
xete  shall  not  be  permitted. 

>.  Placing  under  Water. —  (a)  Placing  of  concrete  in  water  shall  be 
flitted  only  (a)  when  contemplated  by  the  contract  plans  and  (b)  when 
torized  by  the  engineer  in  writing.  A  description  of  the  method  and 
pment  to  be  used  shall  be  submitted  by  the  contractor  and  approved 
he  engineer  before  the  work  is  started. 

)  Cofferdams  shall  be  sufficiently  tight  to  prevent  any  current  through 
space  in  which  the  concrete  is  to  be  deposited.  Pumping  will  not  be 
litted  while  the  concrete  is  being  placed  nor  until  it  has  become  fully  set. 
)  The  method  used  shall  be  such  as  will  not  permit  the  washing  of  the 
nt  from  the  concrete  mix.  In  no  case  shall  concrete  be  dumped  from 
ows  or  shoveled  into  the  water  or  allowed  to  fall  through  the  water  in 
r  open  or  closed  metal  chutes. 

)  The  tremie,  when  used,  shall  consist  of  a  tube  12  to  16"  in  diameter, 
tructed  in  sections  with  flanged  couplings  fitted  with  gaskets.  It 
be  so  constructed  as  to  permit  its  initial  charging  without  dropping  the 
rete  through  the  water.  In  operating  the  tremie  it  shall  be  kept  filled 
.1  times  and  the  discharge  end  shall  be  raised  only  sufficiently  to  permit 
concrete  to  move  uniformly  down  the  tube.  Special  care  shall  be 
:ised  in  moving  the  tremie  to  secure  a  practically  uniform  and  level 
ice  upon  the  concrete  in  place,  and  to  prevent  the  loss  of  the  charge, 
le  event  of  losing  the  charge  the  tremie  shall  be  refilled  as  described  for 
nitial  filling.  The  means  supporting  the  tremie  shall  be  such  as  to 
lit  the  free  movement  of  the  discharge  end  over  the  entire  top  surface 
le  work  and  shall  permit  its  being  rapidly  lowered,  when  necessary  to 
ent  a  too  rapid  flow  or  a  loss  of  the  entire  charge. 

1  The  bucket,  when  used,  shall  be  so  constructed  that  it  cannot  be 
ped  until  it  rests  upon  the  surface  upon  which  its  charge  is  to  be  placed, 
eneral,  this  construction  shall  consist  of  a  base  frame  extending  below 
ioors  forming  the  bottom  of  the  bucket  a  sufficient  distance  to  permit 
1  to  open  downward  and  outward  when  tripped  or  unlatched.  The 
ions  of  the  frame  opposite  the  ends  of  the  doors  shall  be  of  solid  sheet 
il  to  prevent  the  initial  movement  of  the  concrete  in  these  directions 
1  the  bucket  is  being  dumped.  The  sides  of  the  bucket  below  the  eleya- 
of  the  under  side  of  the  doors  shall  be  of  open  construction,  permitting 
free  displacement  of  the  water.  The  portion  of  the  frame  coming  in 
act  with  previously  placed  concrete  shall  have  a  bearing  area  which  will 
ent  the  loaded  bucket  from  slumping  into  the  concrete  a  distance 
nent  to  produce  a  movement  of  water  tending  to  dislocate  its  cement 
;nt.     The  top  of  the  bucket  shall  not  be  closed. 

In  operating  the  bucket  it  shall  be  completely  filled  and  when  lowered 
the  water  its  descent  shall  be  sufficiently  slow  to  prevent  all  unnecessary 
gment  of  the  water.  In  the  operation  of  discharging  and  lifting  the 
:et  it  shall  be  raised  slowly  to  avoid,  so  far  as  possible,  a  movement  of 
vater  above  the  concrete.  The  concrete  shall  be  placed  in  layers  having 
surfaces  as  uniform  and  even  as  possible. 

)   The  bags,  when  used,  shall  be  of  jute  or  other  coarse  cloth.     They 
be  about  two-thirds  filled  with  concrete,  and  shall  be  carefully  hand 
;d  in  header  and  stretcher  order  to  secure  an  efficient  interlocking  of 
vhole  mass. 

"When  possible,  the  concrete  shall  be  placed  continuously  from  start 
lish  in  so  far  as  that  portion  of  the  work  to  be  placed  under  water  is 
srned.  In  order  to  assure  a  thorough  bonding  between  the  layers,  the 
pment  for  mixing,  transporting,  and  placing  the  concrete  shall  be  ade- 
Je  to  produce  a  rate  of  progress  which  will  permit  the  placing  of  each 
:eding  layer  before  the  preceding  layer  has  taken  its  initial  set.  The 
f  "plums"  shall  not  be  permitted  in  concrete  placed  under  water.  To 
2nt  the  formation  of  "laitance,"  the  concrete  shall  be  agitated  as  little 
jssible  while  being  placed.  All  laitance  or  other  foreign  matter  shall  be 
ved  from  the  surface  of  a  complete  portion  of  the  work  before  the  placing 
ncrete  by  the  usual  methods  is  commenced  thereon. 

Placing  on  or  against  Set  Concrete. —  (a)  Whenever  new  concrete  is 

placed  on  or  against  concrete  which  has  fully  set,  the  surface  of  the 
Dncrete  shall,  unless  thoroughly  cleaned  of  all  "laitance"  and  objection- 
material  before  becoming  set,  be  roughened  and  carefully  cleaned  of 
ance"  and  foreign  matter  and  be  drenched  with  water  until  saturated, 
forms,  if  they  are  not  in  close  contact  with  the  set  concrete,  shall  be 
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tightened  against  its  faces,  and  the  new  concrete  placed  therein  shall,  be  c 
pacted  in  a  manner  assuring  maximum  bond  between  the  new  and  the 
material.  If  necessary,  in  the  opinion  of  the  engineer,  the  new  cone: 
shall  contain  an  excess  mortar  content. 

22.  Bonding  Construction  Joints.; — (a)  The  construction  joints  produ 
between  layers  of  concrete  placed  intermittently  in  piers,  abutments, 
retaining  walls  shall  be  bonded  to  prevent  displacement  by  sliding  or 
overturning.  Approved  hard,  sound,  and  durable  stones  of  "one-m; 
size  may  be  used  in  structures  having  a  width  of  4'  or  more,  while  in  narro 
structures  metal  dowels  or  a  mechanical  bond  secured  by  producii 
"mortise  and  tenon"  interlock  shall  be  used.  When  the  concreting  of 
lower  layer  is  complete,  its  surface  shall  be  prepared  for  bonding  the  U 
to  be  superimposed  upon  it  before  the  concrete  has  taken  its  set. 

(b)  When  "bond"  or  "dowel"  stones  are  to  be  used  they  shall  be  h 
placed  as  specified  for  the  placing  of  stones  in  rubble  or  Cyclopean  cone 
(see  Sec.  23  (b).  Rubble  or  Cyclopean  Concrete),  except  that  stones  ha\ 
a  distinct  stratified  structure  shall  be  set  with  the  "grain"  vertical  to 
construction  joint. 

(c)  Metal  dowels  shall  consist,  in  general,  of  rods  having  a  diamete 
not  less  than  }>£"  and  a  length  of  not  less  than  i'.  However,  when  appro 
by  the  engineer,  metal  secured  from  scrap  bar,  pipe,  castings,  etc.,  maj 
used,  provided  such  metal  has  ample  cross-section  and  is  free  from  : 
scale.  In  general,  dowels  shall  be  staggered  and  their  distance  cente 
center  shall  not  exceed  3'. 

(d)  When  a  "mortise  and  tenon"  bond  is  to  be  used  the  "mortise"  shal 
produced  by  forcing  the  ends  of  6  by  6"  timbers  into  the  unset  concrete  ■ 
depth  of  3  to  4".  The  holes  so  produced  shall  be  staggered  and  shall 
exceed  2'  center  to  center.  To  facilitate  their  ready  removal  from  the  ( 
crete  after  it  has  taken  its  set  the  ends  of  the  scantlings  shall  be  sligi 
beveled  and  thoroughly  oiled. 

23.  Rubble  or  Cyclopean  Concrete. —  (a)  Whenever  provision  is  m 
upon  the  plans  for  the  use  of  rubble  concrete  in  abutments,  piers,  and  ret  j| 
ing  walls,  its  use  shall  be  permitted  in  portions  of  these  constructions  ha1 1 
a  width  of  4'  or  more.  The  stones  or  "plums"  used  shall  consist  of  ang  | 
fragments  of  tough,  dense,  and  durable  rock  of  the  size  commonly  know  1 
"one-man  stone,"  i.e.,  stones  not  larger  than  one  man  can  readly  lift.  1  1 
shall  be  free  from  seams  or  other  structural  defects,  foreign  substances,  I 
coatings  of  any  character. 

(b)  The  stones  shall  be  hand  placed  (not  cast  or  thrown  into  the  concr 
in  "rack  and  pinion"  order,  not  less  than  the  width  of  a  man's  foot  ai 
nor  nearer  than  1'  to  the  inside  of  the  forms  and  shall  be  forced  down 
the  fresh  concrete. a  depth  equal  to  one-half  their  size.  When  strati 
stones  are  used,  they  shall  generally  be  laid  upon  their  natural  bed.  E 
layer  of  stones  shall  be  covered  with  concrete  to  a  depth  equal  to  the 
of  the  stones,  before  a  succeeding  layer  shall  be  placed.  The  cone 
surrounding  the  stones  shall  be  thoroughly  compacted  so  as  to  fill  all  int  9 
larities  and  cavities  in  their  surfaces.  Under  no  circumstances  sha 
course  of  stones  extend  higher  than  2'  below  the  top  surfaces  of  abutments 
piers  upon  which  the  bridge  superstructure  is  to  be  placed.  When  the  1 
of  abutments  and  piers  are  finished  with  copings,  the  uppermost  cours- 
stones  shall  be  located  at  least  1'  below  the  under  side  of  copings.  _ 

24.  Joints. — (a)   The  locations  and  details  for  expansion  joints  in  retail .{ 
walls,  abutments,  etc.,  shall  be  strictly  adhered  to. 

_  (b)   Where  sliding  joints  are  to  be  provided  at  the  ends  of  slab,  T-beam,  I 
girder  spans  having  a  length  less  than  30'  the  bridge  seat  or  other  beai *■ 
areas  shall  be  screeded  true  to  grade  and  carefully  finished  by  the  use  1 
plaster  mason's  trowel  and  when  the  concrete  has  become  thoroughly 
the  bearing  areas  shall,  unless  otherwise  provided  upon  the  plans,  be  cove 
with  a  layer  of  asphalt-treated  roofing  felt  before  the  superstructure  cone:  i  \ 
is  put  in  place.     To  insure  free  movement  consistent  with  the  length:  J 
superstructure  spans,  the  thickness  of  the  layer  of  felt  shall  vary  correspo  | 
ingly  and  shall,  in  general,  be  made  of  sheets  of  heavy  roofing  felt  swab  3 
with  liquid  asphalt- between  each  sheet.     Thickness  of  layers  shall  varjJJ 
follows: 


» 


Span  Lengths  Layer  Thickness 
10'  and  less  H" 

11-20'  K" 

21-30'  H" 
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inforced-concrete  T-beam  and  girder  spans  of  lengths  over  30'  shall,  in 
ral,  be  provided  with  bronze  expansion  plates  or  other  approved  devices 
ermitting  free  expansion  and  contraction  movements.  Unless  especially 
ided  otherwise  upon  the  plans,  no  reinforcement  shall  extend  across 
tpansion  joint. 

In  general,  the  locations  of  construction  joints  shall  be  planned  in 
nee  of  the  placing  of  concrete.  These  joints  shall  be  located  and  con- 
ted  so  as  to  impair  the  strength  and  appearance  of  the  structure  the 

possible.  Diagonal  or  otherwise  deformed  construction  joints  in 
ments,  piers,  retaining  walls,  slabs,  beams,  and  girders  shall  not  be 
litted. 

In  general,  every  structural  element  of  a  bridge  structure  shall  be 
Dieted  without  discontinuing  the  placing  of  concrete,  if  practicable, 
illed  "construction  joints"  produced  by  discontinuing  the  work  at  the 
of  a  day  or  at  other  times  shall  be  predetermined  as  to  location,  if 
ble.  These  joints  shall  be  located  perpendicular  to  the  principal  lines 
ess  and  generally  at  points  of  minimum  shear. 

Construction  joints  shall  be  produced  as  specified  in  Sec.  18,  Handling 
Placing,  and  Sec.  22,  Bonding  Construction  Joints. 

Cleaning  Mixers,  Tools,  Etc. —  (a)  Ail  mixers,  chutes,  barrows,  spades, 
g  tools,  etc.,  shall  be  cleaned  from  all  adhering  mortar  at  the  end  of  each 

work  or  at  other  times  whenever  the  mixing  and  placing  of  concrete  is 
orarily  discontinued  for  any  considerable  length  of  time.  It  is  also 
sable  that  splashes  and  spatters  of  mortar  adhering  to  the  interior 
ces  of  forms  and  to  metal  reinforcement  be  removed  at  the  time  of 
ntinuing  placing,  since  they  can  be  most  readily  removed  at  that  time. 

must  be  removed  before  the  placing  of  concrete  is  resumed.  If  not 
yed,  these  accumulations  of  inert  material  produce  two  unsatisfactory 
itions,  viz.:  they  either  cleave  from  the  surfaces  of  the  forms  and  remain 
orarily  embedded  in  the  face  surface  of  the  concrete  to  become  dis- 
rated at  a  later  period,  or  they  remain  firm  upon  the  forms  and  cleave 
the  surfaces  of  the  new  concrete  when  the  forms  are  removed,  leaving 

surfaces  rough  and  irregular. 

Protection  of  Work. — (a)  Concrete  in  place  shall  not  be  subjected  to 
ting,  jarring,  or  other  movement  tending  to  produce  incipient  fractures 
g  the  period  of  "green"  set.  Form  carpenters,  carpenters'  helpers, 
ther  laborers  shall  not  be  permitted  to  walk  or  work  upon  the  concrete 

it  has  become  sufficiently  set  to  break  or  crumble  under  their  feet,  but 
ot  yet  attained  a  hard  set.  Carpenters  and  their  helpers  engaged  upon 
onstruction  of  forms  above  green-set  concrete  shall  work  upon  properly 
ructed  scaffoldings  and  walkways. 

Curing  Concrete. — (a)  In  order  to  develop  the  desired  strength, 
ul  attention  shall  be  given  to  the  proper  curing  of  the  concrete.  In  hot 
Ler  all  concrete  surfaces  exposed  to  premature  drying  shall  be  protected 
the  direct  rays  of  the  sun  by  means  of  canvas,  straw,  sand,  or  other 
actory  covering,  and  shall  be  kept  continually  moist  by  sprinkling  or 
wise  for  a  period  of  at  least  10  days  after  placing.  Other  precautions 
sure  proper  curing  of  concrete  shall  be  taken  by  the  contractor  as 

ed  by  the  engineer. 

Concrete  placed  in  cold  weather  shall  be  amply  protected  to  retain  its 
1  temperature  (not  lower  than  50°F.)  for  at  least  72  hr.  after  the  placing 
nplete  and_  until  the  concrete  has  become  set.  The  temperature  shall 
be  maintained  above  freezing,  32°F.,  for  an  additional  7  days  and  the 
ete  shall  be  kept  moist  throughout  the  entire  10-day  period.  Concrete 
ing  injury  by  frost  shall  be  removed  and  replaced  at  the  contractor's 

ie. 

Reinforcement 

Metal  Reinforcement.— (a)  Reinforcement  metal  used  shall  be 
ifactured  in  accordance  with  and  shall  in  all  respects  fulfil  the  physical 

hemical  requirements  of  the  A.S.T.M.  Standard  Specifications  for 
;-steel  Concrete  Reinforcement  Bars  (Serial  Designation  A15-14)  with 
ubsequent  amendments  and  additions  thereto  adopted  by  the  Society, 
it  that  it  shall  be  produced  only  by  the  open-hearth  process  and  that 
med  bars  shall  not  be  machined  to  obtain  a  uniform  cross-section  before 
g.  Unless  otherwise  provided,  only  steel  of  "structural-steel  grade" 
be  used.   _  Wherever  structural-steel  shapes  are  to  be  used,  they  shall 

the  physical  and  chemical  requirements  of  the  A.S.T.M.  Standard 
fications  for  Structural  Steel  for  Bridges  (Serial  Designation  A 1 7- 1 6)  with 
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any  subsequent  amendments  and  additions  thereto  adopted  by  the  Soc: 
Preference  shall  be  given  to  bars  and  shapes  manufactured  by  the  open-he 
process.     No  enrolled  material  will  be  accepted. 

(b)  Unless  otherwise  provided  upon  the  plans,  all  reinforcement  sha 
plain  round  bars.  It  shall  be  free  from  mill  and  rust  scales,  dirt,  oil,  p; 
or  other  foreign  matter  and,  if  ordered  by  the  engineer,  shall  be  scraped 
cleaned  by  the  use  of  scrapers,  wire  brushes,  or  other  satisfactory  me 
Steel  shall  be  stored  on  skids  or  other  supports  at  a  satisfactory  height  al 
the  ground. 

(c)  The  bending  of  reinforcement  to  conform  to  the  dimensions  show 
the  plans  shall  be  accurately  done.  In  general,  the  radii  of  bends  sha 
equal  or  greater  than  twice  the  diameter  of  the  bar  measured  from  the  ii 
of  the  curved  metal;  however,  the  radii  for  stirrups  shall  be  equal  to  01 
than  the  diameter  of  the  bar.     All  bending  shall  be  done  cold. 

(d)  All  reinforcement  shall  be  accurately  placed  in  the  locations  show 
the  plans  and  adequate  means  provided  for  securely  holding  it  in  co: 
position  during  the  placing  of  concrete  in  the  forms.  Whenever  the  reinf< 
ment  is  to  be  held  out  of  contact  with  the  forms  by  supporting  it  upon  bli 
precast  mortar  blocks  of  approved  dimensions  shall  be  used.  Likewise 
of  bars  in  girders,  T-beam  stems,  etc.,  shall  be  separated  by  the  use  of  pn 
blocks.  The  use  of  pebbles,  flat  pieces  of  broken  stone,  bricks,  metal  ; 
or  wooden  blocks  shall  not  be  permitted. 

(e)  The  locations  of  the  reinforcement  are,  with  few  exceptions,  nu 
matically  determined  to  conform  with  the  loadings  assumed  in  the  d< 
and  variations  therefrom,  produced  by  "foot  and  spade"  placing  oi 
metal,  radically  affect  the  strength.  The  placing  of  the  reinforcement  a 
concreting  progresses  without  definite  means  for  holding  it  in  its  co 
location  shall  not  be  permitted. 

(J)  Reinforcement  shall  be  placed  well  in  advance  of  the  concreting, 
shall  be  inspected  and  approved  by  the  engineer  before  any  concrete  is  p 
in  contact  with  it. 

(g)   No  deviation  in  sizes  shown  on  the  plans,  or  in  the  spacing  oj 
arrangement  of  the  bars  will  be  allowed  except  by  special  permission  o 
engineer,  in  writing.     An  application  for  permission  to  substitute  other 
for  those  shown  on  the  plans  or  for  permission  to  splice  reinforcement 
shall  be  accompanied  by  sketches  showing  the  complete  layout  prop 
Splices  shall  be  avoided  at  points  of  maximum  stress  and  shall  be  stag) 
where  possible.      The  number  of  splices  shall  be  minimum.      No  splices  v? 
permitted  in  the  main  reinforcement  of  beams  and  girders.     Splices  in 
cent    bars  shall  be  staggered.     Splices  shall  be  designed  to   develor. 
strength  of  the  bar  without  exceeding  the  allowable  bond  stress,  but  i  I 
absence  of  an  actual  design  a  minimum  lap  of  40  diameters  shall  be 
All  splices  shall  be  firmly  seized  with  not  less  than  four  turns  of  wi  1 
intervals  of  6  to  10",  depending  upon  the  size  of  bars,  the  shorter  sp;  1 
being  used  upon  the  larger  sizes  of  bars.     When  required  by  the  engi  1 
cable  clamps  shall  be  used  to  fasten  reinforcing  bars.     Such  clamps   J 
develop  the  full  strength  of  the  bar.     Splicing  by  means  of  welds  shal  J 
be  permitted. 

(h)   Reinforcement   showing   splashes   of  dried   mortar  shall   be  cle  J 
before  being  imbedded  in  the  concrete. 

■ 
Forms 

29.  Forms. —  (a)  All  forms  shall  be  well  built,  substantial,  and  unyiel  '. 
securely  braced,  strutted,  and  tied  to  prevent  motion  and  distortion  '  fi 
concrete  is  being  placed  in  them  and  amply  strong  to  safely  support,  in;  w 
tion  to  the  weight  of  the  concrete,  all  superimposed  loads  (runways,  ba  il; 
loads,  workmen,  scaffolding,  etc.),  placed  upon  them.  In  proportic  J 
forms,  falsework  and  centering  concrete  shall  be  treated  as  a  liquid  weig  I 
144  lb.  per  cubic  foot  for  vertical  loads  and  72  lb.  for  horizontal  pressi  i| 

(6)   Concrete  surfaces  as  related  to  form  construction  shall  be  divided  J 
two  classes,  viz.: 

1.  Forms  for  unexposed  surfaces,  such  as  the  back  surfaces  of  abuti 
breast  walls  and  wing  walls;  the  back  surfaces  of  retaining  walls,  and  sur  J 
of  abutments,  piers,  etc.,  located  below  the  beds  of  streams  and  the  fini  f 
surfaces  of  backfill  around  abutments,  piers,  and  retaining  walls. 

2.  Forms  for  exposed  surfaces  which  include  all  surfaces  not  consic 
as  unexposed. 

(c)  All  back  surfaces  of  retaining  walls  to  a  depth  of  18"  below  the  to 
these  walls  and  all  front  or  face  surfaces  of  abutments  and  piers  to  a  d 
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'  below  the  finished  ground  surface  or  to  a  greater  depth,  if,  in  the  opinion 
he  engineer,  there  is  a  possibility  of  a  deepening  of  the  waterway  due  to 
ir,  shall  be  treated  as  exposed  and  shall  be  constructed  accordingly. 
i)  All  lumber  used  for  exposed  surface  forms  shall,  unless  otherwise 
idded,  consist  of  sized  and  dressed  tongue  and  groove  lumber,  free  from 
e  knots,  knot  holes,  cracks^  and  other  defects  affecting  the  strength 
;he  lumber  or  the  accuracy  of  the  finished  concrete  surfaces.  When 
pr  than  tongue  and  groove  lumber  is  to  be  used  it  shall  be  dressed  on 
side  and  both  edges  (d3s)  to  a  uniform  thickness  and  width  and  of  the 
lity  described  for  tongue  and  groove  material.  The  thickness  of  tongue 
groove  lumber  shall  be  not  less  than  1 J4"  and  of  plain  dressed  lumber  not 
than  i}4".  To  provide  for  reusing  the  lumber  a  greater  number  of 
js  it  may  be  dressed  on  both  sides. 

)  Lumber  used  for  unexposed  surface  forms  shall  be  of  uniform  width, 
ight -edged,  and  dressed  on  one  side  (dis)  to  a  uniform  thickness  of  not 
than  1  Wf>  It  shall  be  free  from  loose  knots,  knot  holes,  cracks,  wane,  or 
sr  defects  rendering  it  unsuitable  for  form  work.  When  permitted  by 
engineer,  undressed  lumber  of  uniform  thickness  and  width,  otherwise 
lling  the  requirements  for  lumber  dressed  on  one  side,  may  be  used  for 
sposed  surface  forms. 

Lumber  for  studding,  walings,  struts,  braces,  etc.,  shall  be  free  from 
,  crack,  and  other  structural  defects  rendering  it  unsatisfactory  for  the 
>ose  for  which  it  is  to  be  used. 

)  Forms  shall  be  built  to  conform  accurately  to  the  dimensions,  location, 
;ours,  and  details  shown  on  the  plans.  The  faces  of  forms  against 
:h  the  concrete  is  to  be  placed  shall  be  dressed  smooth  and  uniform  and 
1  be  free  from  winds,  twists,  buckles,  and  other  irregularities.  They 
1  be  constructed  by  experienced  and  capable  workmen  and  shall  be 
ciently  tight  to  prevent  the  leakage  of  cement  and  mortar  through  the 
ts.  In  general,  forms  shall  be  constructed  so  that  they  can  be  removed 
t  the  bottom  upward  and  shall  be  designed  so  that  they  may  be  removed 
out  damage  to  the  concrete.  In  general,  forms  shall  be  provided  for 
rork.  The  placing  of  concrete  in  excavated  pits  and  trenches  without 
is  shall  be  permitted  only  in  exceptional  cases  and  at  the  discretion  of 
engineer  (see  Sec.  18  (e),  Handling  and  Placing). 

t)  Except  in  the  construction  of  forms  for  round-ended  piers,  the  lagging 
heeting  shall  be  placed  horizontal.  For  long  abutment,  pier,  and  retain- 
wall  forms  requiring  two  or  more  lengths  of  lagging,  the  joints  in  adjacent 
es  shall  be  staggered  to  secure  additional  rigidity.  Forms  built  to  be 
ted  and  removed  in  sections  shall  be  provided  with  an  ample  means  for 
ing  the  sections  rigidly  to  correct  alignment  and  grade. 
)  All  corners  within  the  forms  shall  be  fitted  with  chamfer  strips,  mitered 
heir  intersections,  to  prevent  spalling  of  the  concrete  during  the_  removal 
e  forms.  In  general,  chamfer  strips  shall  not  have  a  greater  width  than 
nor  a  less  width  than  Yt".  The  size  to  be  adopted  for  a  given  portion 
he  work  shall  depend  somewhat  upon  the  general  dimensions  involved, 
vision  shall  be  made  for  the  chamfering  of  the  top  edges  of  abutment 
ge  seats  and  wing  walls,  tops  of  piers,  and  retaining  walls,  tops  of  side 
ough)  girders,  roadway  curbs,  etc.,  by  nailing  chamfer  strips  inside  tho 
as.  These  strips  serve  as  screeding  strips  for  the  finishing  of  the  top 
ace  of  the  concrete  when  it  is  placed.  They  are  usually  made  %  to  1" 
dth.  Unless  otherwise  provided,  all  chamfer  strips  shall  produce  in 
concrete  plain,  flat  surfaces. 

)  Form  material  or  form  sections  used  more  than  once  shall  be  carefully 
ned  from  adhering  mortar  and  other  accumulations  of  foreign  matter, 

ty- 

:)  The  forms  for  beams,  girders,  columns,  and  spandrel  arches  shall  be 
onstructed  as  to  permit  the  sides  to  be  removed  without  disturbing  the 
)orts. 

)   All  sawdust,  chips,  blocks,  shavings,  and  other  foreign  matter  within 

forms  shall  be  removed  before  depositing  concrete  in  them.     Forms, 

■e   especially    column   and   thin   reinforced   wall   forms   shall,    wherever 

jssary,  be  built  with  removable  pieces  of  sheeting  to  permit  thorough 

ring. 

Vti)  All  forms  shall  be  held  rigidly  to  correct  alignment  and  location   by 

■Die  supports  and  braces.     In  all  cases  where  metal  anchorages^  or  ties 

•lin  or  through  the  face  forms  are  required  to  hold  the  forms  in  their 

B-ect  position,  such  anchorages  or  ties  shall  be  of  ample  strength  and  shall 

b:o  constructed  that  the  metal  work  can  be  removed  to  a  depth  of  2"  from 
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the  face  surface  of  the  concrete  without  injury  or  damage  to  such  surfa 
by  spalling  or  otherwise.      The  cavities  produced  by  the  removal  of 
metal  shall  be  carefully  filled  with  a  mortar  mix  similar  to  that  contained 
the  concrete  in  which  the  cavities  occur. 

(n)  Forms  shall  be  inspected  and  approved  before  placing  concrete  wit  I 
them. 

30.  Un watering  Forms. —  (a)  Unless  otherwise  provided,  all  forms  si  I 
be  unwatered  before  concrete  is  placed  in  them.  Pumping  will  not  be  pi 
mitted  from  the  inside  of  forms  for  abutments,  piers,  and  retaining  w.  I 
while  concrete  is  being  placed.  Moving  water  shall  not  be  permitted  | 
come  in  contact  with  fresh  concrete.  In  general,  cofferdams,  caissons,  cri 
or  other  devices  used  to  exclude  water  from  foundation  excavations  shall 
constructed  to  provide  free  access  to  all  exterior  portions  of  the  substruct 
forms,  both  for  their  construction  and  their  inspection. 

31.  Preparing  Form  Surfaces. — (a)  In  order  to  insure  the  non-adhes 
of  the  mortar  to  the  forms  the  inside  surfaces  shall  be  uniformly  coated  w 
raw  paraffin  or  other  non-staining  mineral  oil,  soaped,  or  thoroughly  wet 
with  water  (except  in  freezing  weather).  _  If  soap  is  used  it  shall  be  mi 
with  sufficient  water  to  produce  a  thin  jelly-like  substance.  When  foi 
are  used  more  than  once  they  shall  be  carefully  cleaned  at  each  setting  ;  I 
recoated  with  oil  or  soap. 

(b)  Whenever  forms  are  constructed  several  days  in  advance  of  fill  I 
them  with  concrete  they  shall  be  kept  moist  or  otherwise  protected  agai  I 
warping  of  the  lagging  and  other  defects  produced  by  the  drying  out  of  I 
lumber. 

(c)  Forms  used  for  producing  openings  in  hand  rails  or  other  portion: 
the  work  shall  be  thoroughly  saturated  by  immersing  in  water  or  other? 
to  prevent  swelling  by  absorption  of  water  from  the  concrete. 

32.  Removal  of  Forms. — (a)  Location,  weather  conditions,  mater 
used,  and  the  character  of  the  structure  involved  shall  be  considered 
determining  the  time  for  the  removal  of  forms. 

(b)  In  general,  forms  shall  not  be  removed  until  sufficient  time  has  elap 
subsequent  to  the  complete  placing  of  the  concrete  to  permit  the  devel' 
ment  of  a  set  which  will  give  forth  a  distinct  "stoney  ring"  when  the  c 
crete  is  struck  with  a  small  hammer.  (Frozen  concrete  shall  not  b« 
tested.) 

(c)  Forms  shall  be  removed  from  columns  before  removing  the  falsew 
or  shoring  from  beneath  the  adjacent  beams  and  girders  so  that  the  condi 
of  the  column  concrete  may  be  determined. 

(d)  The  falsework  or  shoring  originally  placed  under  the  forms  s 
remain  in  place  until  its  final  removal.  The  supports  must  be  removed 
manner  which  will  permit  the  concrete  to  assume  uniformly  and  gradu. 
the  stresses  due  to  its  own  weight. 

(e)  Methods  of  removal  tending  to  produce  shocks,  jars,  and  fractui 
of  the  concrete  shall  not  be  permitted.  In  general,  the  removal  of  fo: 
shall  be  from  the  bottom  upwards. 

(f)  Forms  shall  not  be  removed  at  any  time  without  the  consent  of 
engineer.  However,  such  consent  shall  not  in  any  way  relieve  the  c 
tractor  of  his  responsibility  for  the  work. 

Arch  Centering  and  Falsework 

33.  Arch  Centering. —  (a)  Foundations  for  the  falsework  and  centering 
arches  when  not  consisting  of  solid  rock  or  other  unyielding  soil  mate: 
shall  be  reinforced  by  the  use  of  piles,  grillage,  or  other  means  to  supp 
without  appreciable  settlement  the  loads  to  be  superimposed  thereon. 

(b)  The  timbering  of  the  falsework  and  centering  shall  be  securely  { 
rigidly  constructed  and  shall,  for  all  spans  having  a  length  greater  tl 
20',  be  supported  upon  adjustable  wedges  or  other  approved  devices 
facilitate  lowering  of  the  centering  or  other  supports  under  full  cont: 
evenly  and  gradually,  without  subjecting  the  concrete  of  the  arch  span 
shock  or  an  uneven  distribution  of  pressure. 

(c)  The  lagging  or  sheeting  of  the  arch  centering  shall  be  narrow  s 
shall  otherwise  fulfil  the  requirements  for  exposed  surface  forms.  All  unei 
joints  or  other  irregularities  due  to  the  curvature  of  the  centering  shall 
planed  off. 

(d)  All  lagging  and  timbering  shall  be  thoroughly  saturated  with  wa 
prior  to  commencing  the  construction  of  the  arches,  and  shall  be  kept 
saturated  until  the  concreting  of  the  arch  ring  or  of  the  main  arches  is  co 
plete  and  a  satisfactory  length  of  time,  in  the  opinion  of  the  engineer,  1 
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Dsed  to  render  the  concrete  not  only  self-supporting  but  also  of  sufficient 
ngth  safely  to  support  the  structure  loads  to  be  imposed  thereon.  When 
;  strength  has  been  secured  the  centering  and  falsework  shall  be  permitted 
iry  out  gradually  as  a  means  of  slowly  relaxing  their  support.  As  soon 
;he  arch  ring  has  or  the  main  arches  have,  in  the  opinion  of  the  engineer, 
amed  a  permanent  set  the  placing  of  the  concrete  in  spandrel  walls  or  in 
er  deck  construction  may  proceed. 

e)  The  contractor  shall  provide  upon  the  main  arch  forms  or  centering, 
;he  engineer  may  direct,  suitable  check  blocks  for  the  purpose  of  observing 

deflections  produced  as  the  work  progresses. 

f)  Detail  plans  of  falsework  and  centering  for  concrete  arch  spans  shall 
supplied  by  the  contractor  for  the  approval  of  the  engineer  whenever 
uired  by  a  general  note  on  the  contract  plans  or  requested  so  to  do  by  the 
ineer  in  writing.      Detail  plans  shall  show  in  addition  to  elevation,  plan, 

section  views,  the  mathematical  development  of  the  design  and  the 
d  and  sizes  of  material  to  be  used.     All  details  shall  be  shown  upon  draw- 

of  standard  size  (see  Proposal  and  Contract  Requirements — Size  of 
ns)  and  when  the  work  is  complete  the  original  plan,  on  tracing  cloth, 
11  be  supplied  to  the  Commission  for  its  Bridge  Division  file. 

4.  Falsework. —  (a)  All  falsework  used  for  supporting  reinforced-concrete 
erstructures  shall  be  composed  of  timbers  having  ample  cross-sectional 
is  to  resist  without  deformation  or  appreciable  settlement  the  loads 
osed  upon  them.  It  shall  be  well  built,  rigid  and  unyielding,  securely 
:ed,  strutted,  and  tied  to  prevent  distortion  and  motion  tending  to 
duce  vibration  and  deformation  of  the  superstructure  forms. 

b)  When  the  vertical  members  of  falsework  consist  of  piles  or  when 
ned  or  other  falsework  is  supported  upon  piles,  the  piles  shall  be  driven 
secure  a  safe  load  resistance  of  at  least  15  tons  per  pile  (see  Piles  and 

Driving). 

)  When  falsework  is  supported  upon  mud  sills  the  sills  shall  consist  of 
east  two  layers  of  timbers,  the  upper  layer  being  laid  transversely  with 

under  or  bottom  one.  The  foundation  pressures  resulting  from  the 
>osed  loads  upon  mud  sills  (falsework,  forms,  fresh  concrete,  scaffolding, 
nways,  etc.)  shall,  in  general,  not  exceed  the  following: 

For  firm  sand,  gravel,  rotten  rock,  very  firm 
clay,  and  other  similar  soils  in  confined  thick 

beds 2  tons  per  square  foot 

For  loose  sand  and  gravel  and  ordinary  clay 

soils  in  confined  thick  beds 1  ton  per  square  foot 

For  soft  clay  and  firm  alluvial  soils J^  ton  per  square  foot 

Jl  arch  centering  and  falsework  shall  be  subject  to  the  approval  of  the 
ineer,  but  the  work  shall  be  done  entirely  at  the  risk  of  the  contractor, 
engineer's  approval  in  no  way  relieving  him  of  his  responsibility. 
d)  Forms  supported  upon  falsework  shall  be  provided  with  a  satisfactory 
ins  for  their  adjustment  in  the  event  of  settlement  or  deformation  of  the 
ework  due  to  overloading  or  other  causes. 

Surface  Finish 

5.  Surface  Finish. — (a)  In  general,  all  face  surfaces  of  concrete,  whether 
duced  by  contact  with  the  forms  or  by  screeding,  floating,  troweling,  or 
er  means,  shall  be  true  and  even,  free  from  depressions  or  projections 

shown  on  the  plans,  and  from  "honeycomb,"  stone  pockets,  and  other 
jets  resulting  from  defective  forms  and  improper  placing;  nor  shall  these 
"aces  show  layers  of  accumulated  "laitance"  or  other  foreign  materials, 
•thermore,  these  surfaces  shall  be  free  from  injurious  seams,  flaws,  cracks, 
ken  edges,  or  other  defects. 

b)  As  soon  as  the  forms  are  removed,  all  stone  pockets,  "laitance" 
;rs,  chips,  shavings,  or  other  foreign  matter  shall  be  removed  by  the  use 
chisels  or  by  other  means  satisfactory  to  the  engineer,  and  the  cavities 
produced  shall  be  filled  as  he  may  direct.  The  cavities  shall  be  freed 
n  loose  dust  and  the  surrounding  concrete  shall,  if  dried,  be  thoroughly 
rrated  with  water  before  the  cavities  are  filled. 

;)  Small  "water  cavities,"  air  voids,  pits,  and  other  defects  not  detri- 
ltal  to  the  strength  of  the  structure  shall  be  filled  with  mortar  of  the  same 

as  that  used  in  the  concrete  containing  the  defects.  This  mortar  shall 
ipplied  with  a  wooden  float  and  shall  be  thoroughly  forced  into  the  holes 
ill  them  completely.     All  excess  mortar  shall  be  removed  by  "cutting" 
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it  away  with  the  edge  of  the  float.  Cavities,  pits,  and  other  defects  uj; 
vertical  surfaces  shall  be  filled  by  floating  upward  to  force  the  mortar  u 
contact  with  the  uppermost  surfaces  of  the  holes. 

(d)  Bolt  or  other  holes  resulting  from  form  ties  shall  be  carefully  fill- 
Mortar  shall  not  be  applied  to  dried-out  concrete  surfaces. 

(e)  Under  no  circumstances  shall  mortar  be  used  for  the  purpose  of  p 
ducing  a  plaster  coating  to  cover  irregularities  of  surface  resulting  from  war 
buckles,  mismatches  of  lagging,  or  other  defects  in  forms. 

(/)  Concrete  surfaces  as  related  to  their  final  finish  shall  be  divided  ii 
three  classes,  viz.: 

i.  Surfaces  permanently  covered  with  water,  backfill,  and  approach 
after  the  completion  of  the  work  or  intended  to  be  so  covered  (top  surfcl.i 
of  roadway  slabs,  back  surfaces  of  the  breast  and  wing  walls  of  abutment 
back  surfaces  of  retaining  walls,   and  surfaces  of  abutments,   piers,  el| 
located  2'  below  the  elevation  of  extreme  low  water,  or  an  equal  depth  bel 
the  finished  surfaces  of  backfill  around  abutments,  piers,  and  retaining  wj 
shall  be  so  considered)  shall  be  subject  to  the  general  conditions  noted  abc 

2.  Surfaces  not  exposed  to  general  view  (sides  and  bottoms  of  inter 
girders  and  stringers,  bottom  surfaces  of  floor  slab  or  of  slab  spans,  a 
other  surfaces  as  the  engineer  may  decide  shall  be  considered  as  so  expose 
shall  be  subject  to  the  general  conditions  described  above.  Furthermo 
these  surfaces  shall,  when  finally  finished,  show  no  depressions  or  projectk 
beyond  the  general  surface.  Form  marks  shall  not  be  removed,  but 
surfaces  which,  in  the  opinion  of  the  engineer,  are  of  this  class  shall  preaft: 
a  clean-cut,  workman-like  appearance. 

3.  Surfaces  exposed  to  general  view  (sides  and  bottoms  of  exterior  gird    - 
and   stringers,    spandrel    arches,    roadway   curbs,    hand   rails,    cantileval: 
brackets  under  sidewalks,   girders  at  tops  of  substructure  bents,   and  I 
exposed  surfaces  of  abutment  breast  and  wing  walls,  piers  and  retaining  ws* 
down  to  a  depth  of  2'  below  extreme  low  water  or  an  equal  depth  below  1  ] 
finished  ground  surface,  or  to  a  greater  depth,  if,  in  the  opinion  of  the  en  1: 
neer,  there  is  a  possibility  of  a  deepening  of  the  waterway,  and  any  otl  ,j 
surfaces  as  the  engineer  may  decide  shall  be  so  considered)  shall  be  "rubtll 
mortar"  finished. 

(g)  A  " rubbed-mortar "  finish  shall  be  produced  as  follows: 

As  soon  as  the  mortar  used  in  filling  surface  defects  has  taken  a  firm  s  t- 
the  surface  to   be  finished   shall   be  moistened  and  thoroughly  rubbed  I 
ground   with   a  carborundum  brick  or  similar  tool  to  remove  from  such  s  t 
faces  all  inert  sand  and  cement  materials  and  to  eradicate  all  impressic 
of   form    work.     When    the    surface  under  treatment  has  been  rubbed  t  k. 
smooth  and  even  surface,  the  pasty  material  adhering  to  the  surface  si 
be  entirely  washed  off  and  the  surface  shall  be  again  wet  rubbed  until  a  sir 
accumulation  of  fine-grained  paste  is  produced.    This  paste  shall  not 
removed,  but  shall  be  carefully  spread  with  a  moist  whitewash  brush  to  fo 
a  uniform,  very  thin  coating  upon  the  surface  of  the  concrete.     This  coat: 
shall  remain  undisturbed  until  it  has  attained  a  firm  set. 

(h)  Final  surface  finishing  shall  not  be  done  in  freezing  weather  or  wl 
the  concrete  contains  frost.  In  cold  weather  the  preliminary  rubbing  nee  1 
sary  to  remove  the  inert  sand  and  cement  materials  and  surface  inequalit  i 
may  be  done  without  the  application  of  water  to  the  concrete  surfaces. 

36.  Sidewalk  Finish. — (a)  Unless  otherwise  provided,  the  finishing  l 
sidewalk  areas  upon  bridge  structures  shall  consist  essentially  of  the  followi  I 
treatment,  following  the  general  screeding  of  the  surface  as  specified  in  S  I 
18  (k) ,  Handling  and  Placing.  A  margin  4"  in  width  shall  be  outlic  I 
adjacent  to  the  base  of  the  sidewalk  hand  rail  by  tautly  stretching  a  cc| 
having  a  diameter  of  %e  to  W  upon  the  freshly  screeded  surface,  followi | 
which  this  margin  or  strip  shall  be  finished  smooth  by  the  use  of  a  plas  I 
mason's  trowel,  and  in  this  operation  the  cord  shall  be  pressed  firmly  into  1 1 
concrete  to  produce  a  clearly  defined  margin.  Similarly,  a  margin  6"  • 
width  shall  be  defined  smooth  upon  the  curb  side  or  edge  of  the  sidewal 
When  the  sidewalk  upon  the  bridge  does  not  connect  with  a  concrete  sidewsl 
upon  the  approaches  to  the  bridge,  the  ends  of  the  sidewalk  shall  be  finish  I 
with  a  margin  4"  in  width  to  conform  with  the  finish  along  the  curb;  otherw  i 
the  finish  at  the  ends  shall  be  such  as  to  match  the  margins  used  upon  t 
slab  of  the  approach  sidewalk.  Following  the  finishing  of  the  margins 
above  specified  the  entire  midarea  of  the  sidewalk  slab  shall  be  finished  wi 
a  short  wooden  float  which  shall  be  moved  in  small  circles  to  produce  a  she 
like  pattern  upon  the  surface  of  the  concrete.  Care  shall  be  exercised  not 
"float"    beyond    the  cord  marks  upon  either  margin.     Unless    otherw 


; 
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vided  upon  the  plans,  the  sidewalk  area  shall  not  be  divided  into  long- 
■dinal  sections  by  transverse  grooves  cut  with  the  tool  used  for  that 
Irpose  upon  ordinary  sidewalk  work.  Transverse  grooves  produce 
■es  of  weakness  in  the  sidewalk  slab  which  tend  to  develop  cracks  at  these 
Hations. 

Precast  Sections 

f  J7.  Forms  or  Molds. — (a)  Forms  or  molds  for  precasting  hand  rail  or  other 
'j.tions  shall  fulfil  all  specified  requirements  for  form  materials  and  construc- 

1n.  Metal  or  metal-lined  forms  shall  be  used  only  when  the  smooth 
■faces  they  produce  harmonize  with  other  face  surfaces  of  the  structure. 

}8.  Casting. —  (a)   The  metal  reinforcement  shall  be  placed  and  rigidly 
lid  in  the  position  shown  upon  the  detail  plans._ 
■{&)   The  methods  used  for  depositing  and  placing  the  concrete  shall  fulfil 

1:  specified  requirements  for  this  work.  See  Sec.  18,  Handling  and  Placing. 
lie  surface  of  the  concrete  corresponding  to  the  open  side  of  the  form  or 

rid  shall  be  floated,  troweled,  or  otherwise  finished  to  produce  a  uniform, 
len  surface  texture  comparable  to  the  "formed"  surfaces  of  the  section  or 
Hmber.     Proper  curing  conditions  shall  be  provided. 

59.  Stripping  and  Finishing. —  (a)   Precast  sections  shall  not  be  removed 
■im  the  forms  until  the  concrete  has  attained  ample  set  to  permit  the  work 

■  be  done  without  danger  of  spalling,  cracking,  or  other  injury. 

Wb)  The  finishing  of  the  concrete  surfaces  shall  not  be  undertaken  until  the 
■icrete  has  attained  a  "hard"  set.     The  finishing  of  surfaces  by  breaking 

■  the  "green"  set  shall  not  be  permitted. 

jjio.  Assembling. —  (a)  In  the  assembling  of  precast  sections  the  methods  of 
filing,  transporting,  and  otherwise  handling  the  sections  shall  be  such  as  not 

■  subject  them  to  stresses  producing  fractures,  incipient  cracks,  or  other 
Beets. 

Mb)  Assembled  sections  shall  be  held  rigidly  in  position  by  braces,  struts 
■other  supports  until  incorporated  in  the  finished  structure. 

Floor  Slabs  on  Metal  Structures 
tyi.  Floor  Slabs  on  Metal  Structures. —  (a)  The  materials,  methods  of 
tfistruction,  etc.,  used  in  placing  reinforced-concrete  floor  slabs  upon  metal 
jldge  structures  shall,  in  general,  conform  to  the  specified  requirements  for 
t:  construction  of  bridge  superstructures  composed  entirely  of  reinforced 
Hicrete. 

Mb)  Especial  care  shall  be  taken  during  construction  operations  to  protect 
t  metal  portions  of  the  structure  against  disfigurement  by  spatters,  splash- 
i ,  and  smirches  of  mortar  and  concrete.  Following  the  placing  of  the 
■kcrete,  the  metal  surfaces  shall  be  thoroughly  cleaned  without  injuring  the 
■nt  upon  them.     This  work  shall  be  done  at  the  contractor's  expense. 

Miscellaneous 
)j:2.  Foundation  under  Concrete. —  (a)  Where  concrete  is  to  be  placed  on 
■excavated  earth  surface  other  than  rock,  especial  care  shall  be  taken  not 
■loosen  or  disturb  the  bottom  of  the  excavation  and  the  final  removal  of 
■terial  to  the  finished  foundation  elevation  shall  not  be  made,  except  in  the 
ce  of  concrete  roadway  slabs  on  bridge  approaches,  until  immediately 
lore  the  concrete  is  to  be  placed.  The  excavation  elevations  shown  on  the 
■ns  for  abutments,  piers,  and  retaining  walls  shall  be  considered  only  as 
■roximate  and  may  be  changed  to  elevations  securing  satisfactory  founda- 
1 1  conditions.  Placing  of  concrete  in  excavations  shall  not  be  commenced 
Mil  the  depth  and  character  of  the  foundations  have  been  examined  and 
Ibroved  by  the  engineer.  All  rock  or  "near-rock"  foundation  surfaces 
■11  be  free  from  loose  pieces,  cut  to  firm  surfaces,  leveled,  or  stepped,  if 
wessary,  and  thoroughly  cleaned  to  secure  a  proper  bond  with  the  concrete. 
.3.  Drainage. —  (a)  Scuppers,  grating,  down  pipes,  or  other  openings  or 
■ures  intended  to  provide  a  means  of  drainage  for  the  roadway  or  sidewalks 
s  11  be  provided  as  shown  on  the  plans  or  as  required  by  the  engineer, 
ftcial  attention  shall  be  given  to  the  matter  of  providing  discharge  clear  of 
■steel  or  other  parts  of  the  structure  subject  to  injury  therefrom. 

STATE  HIGHWAY  DEPARTMENT  OF  TEXAS 

Item  85.     Concrete 
■5.1.  Description. — Concrete  shall  be  composed  of  Portland  cement,  fine 
al  coarse  aggregate,  each  measured  separately  and  accurately  by  volume, 
at  water,  mixed  as  provided  in  these  specifications,  and  shall  be  constructed 
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where,  and  of  the  form,  dimensions,  and  design  shown  on  the  plans.  C< 
crete  shall  be  classified  and  proportioned  by  volume  as  follows,  and  in 
event  shall  the  number  of  bags  of  cement  of  94  lb.  each  used  per  cubic  yj 
of  concrete  in  place  be  less  than  the  number  required  below: 

Class 
A 
B 
C 
D 

85.2.  The  engineer  shall  regulate  the  proportion  of  fine  to  coarse  aggreg 
to  secure  the  maximum  density  and,  in  general,  the  proportions  in  terms 
the  three  ingredients  shall  approximate  the  following  normal  ratios  for 
Several  classes  of  concrete: 

Class  A  1-2     -4 

Class  B  1-2*4-$ 

Class  C  1-3     -6 

Class  D  1-2     -3 

85.3.  When  the  class  of  concrete  required  is  not  expressly  indicated 
the  plans,  the  following  requirements  shall  govern: 

1.  For  superstructure,  arch  rings,  walls,  or  other  parts  of  a  structure  hav 
a  least  dimension  less  than  i',  and  for  all  heavily  reinforced  concrete  exc 
where  Class  D  is  used,  and  for  concrete  deposited  under  water.  Class 
concrete  shall  be  used. 

2.  For  substructures  having  a  minimum  thickness  of  at  least  1',  and 
which  all  steel  is  embedded  at  least  3"  (5"  where  below  low  water),  and  d 
not  carry  calculated  stress,  Class  B  concrete  shall  be  used. 

3.  For  unreinforced  footings,  not  deposited  under  water,  Class  C  concr 
shall  be  used. 

4.  For  railing,  rail  posts,  and  other  very  thin  sections  Class  D  conci.i 
shall  be  used. 

85.4.  Materials. — The  coarse  aggregate  shall  consist  of  broken  stone 
gravel  conforming  to  the  following  requirements: 

Broken  stone  shall  consist  of  clean,  tough,  durable  fragments  of  r 
(excluding  schist,  shale,  or  slate)  of  uniform  quality  throughout,  shall 
free  from  an  excess  of  thin  or  elongated  pieces,  soft  or  disintegrated  stc 
dirt,  organic,  or  other  injurious  matter  occurring  either  free  or  as  a  coating 
the  stone.  All  stone  shall  have  a  per  cent  of  wear  of  not  more  than  6. 
limestone  shall  meet  the  requirements  of  the  soundness  test. 

85.5.  Gravel  shall  consist  of  clean,  hard,  durable,  uncoated  pebbles  ha\ 
a  per  cent  of  wear  of  not  more  than  15  (abrasion  test  for  gravel)  and  shal 
free  from  soft,  thin,  or  laminated  pieces,  disintegrated  stone,  dirt,  orga 
or  other  injurious  matter  occurring  either  free  or  as  a  coating  on  the  stc 
Where  reinforcing  steel  is  to  be  used,  gravel  shall  be  free  from  salt  and  all  | 
Pit  or  bank-run  gravel  shall  not  be  used. 

85.6.  Grading. — Coarse  aggregate  shall  be  well  graded,  and  when  tes 
by  laboratory  methods,  95  to  100  %  shall  be  retained  on  the  y±"  screen 
all  classes. 

85.7.  For  Class  A,  95  to  100  %  shall  pass  the  ij£,  and  40  to  75  %  shall  1 
the  54"  screen.  For  massive  sections  of  a  concrete  Class  B  grading  may 
used  when  expressly  permitted. 

85.8.  For  Class  B,  95  to  100  %  shall  pass  the  2%,  and  40  to  75  %  shall  1 
the  1 3^  and  be  retained  on  the  %"  screen. 

85.9.  For  Class  C,  95  to  100%  shall  pass  the  3,  and  40  to  75%  shall  f 
the  i^£  and  be  retained  on  the  1"  screen. 

85.10.  For  Class  D,  all  shall  pass  the  ^4,  and  30  to  75%  shall  pass 
W  screen. 

85.11.  When  A  concrete  is  required  in  thin  sections  less  than  8"  in  th: 
ness,  the  material  shall  all  pass  the  %"  screen. 

85.12.  Coarse  aggregate  conforming  in  all  respects  to  the  above  requ 
ments  except  grading  may  be  used,  provided  that  concrete  made  from  s 
material  meets  the  requirements  of  the  strength  test  hereinafter  specifiec 

85.13.  Fine  aggregate  shall  consist  of  sand,  or  a  combination  of  sand  ; 
not  more  than  50%  of  stone  screenings,  conforming  to  the  follow 
requirements: 

85.14.  Sand  shall  be  composed  of  clean,  hard,  durable,  uncoated  gra    i&: 
free  from  lumps,   soft  or  flaky  particles,   loam,   organic  or  other  injuri 
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atter.     Where  reinforcing  steel  is  to  be  used,  sand  shall  be  free  from  sal 
alkali. 

85.15.  Stone  screenings  shall  consist  of  the  clean,  dustless  product  resulting 
om  the  crushing  of  stone,  meeting  all  the  requirements  for  coarse  aggregate 
:cept  for  grading,  and  free  from  lumps. 

85.16.  Fine  aggregate  shall  be  well  graded  from  coarse  to  fine  and  shall 
eet  the  following  requirements: 

Passing  the  W  screen 05-100% 

Passing  20-mesh  sieve 35-  70  % 

Passing     50-mesh  sieve 5-  30  % 

Passing  100- mesh  sieve 0-     5  % 

Weight  removed  by  elutriation  test  not  more  than  3  %. 

85.17.  When  subjected  to  the  color  test  for  organic  impurities,  the  fine 
gregate  shall  not  show  a  color  darker  than  the  standard  color. 

85.18.  Fine  aggregate  conforming  to  all  requirements  except  grading  and 
lor,  and  mortar  strength  hereinafter  specified,  may  be  used,  provided  that 
ncrete  made  from  such  material  shall  meet  the  requirements  of  the  concrete 
rength  test  hereinafter  specified. 

85.19.  Cement  shall  conform  to  the  requirements  for  Portland  cement 
escribed  in  U.  S.  Department  of  Agriculture  Bulletin  12 16.  The  cement 
all  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection 
d  identification  of  each  shipment,  and  in  a  suitable  weather-tight  building 
lich  will  protect  the  cement  from  dampness. 

85.20.  Water  shall  be  clean,  clear,  free  from  oil,  acid,  alkali,  or  vegetable 
atter  and  shall  not  be  used  until  the  source  of  supply  has  been  approved. 

at  any  time  the  water  from  this  source  shall  become  of  unsatisfactory 
tality  or  insufficient  quantity  the  contractor  may  be  required  to  provide 
tisfactory  water  from  some  other  source.  Water  of  doubtful  quality 
all  be  tested  in  briquettes  as  provided  under  Mortar  Strength  of  this 
ecification  and  the  test  results  shall  be  equal  to  those  made  from  water  of 

own  satisfactory  quality. 

85.21.  Mortar  Strength. — When  the  fine  aggregate  is  mixed  with  Portland 
ment  in  the  proportion  of  1:3,  the  tensile  or  compressive-strength  ratio 
mpared  to  Ottawa-sand  mortar  briquettes  of  the  same  proportions  and 
nsistency  shall  be  not  less  than  100%  at  7  and  28  days. 

85.22.  Concrete  Strength  Test. — Concrete  materials  may  be  submitted 
the  following  test  and  shall  be  considered  to  pass  the  concrete  strength 

st  when  the  following  strength  requirements  are  fulfilled.  In  no  case, 
wever,  shall  aggregate  be  used  which  contains  more  than  3%  of  material 
movable  by  the  elutriation  test,  nor  shall  coarse  aggregate  contain  more 
an  iM%  of  clay  or  dust. 

85.23.  The  coarse  aggregate,  fine  aggregate,  cement,  and  water  proposed 
use  shall  be  mixed  in  the  same  proportions  and  to  the  same  consistency 

at  they  are  to  be  used  in  the  work,  and  tested  as  prescribed  in  U.  S.  Depart- 
2nt  of  Agriculture  Bulletin  12 16,  and  at  least  the  following  compression 
•engths  shall  be  obtained,  for  the  several  classes: 

Class  7-day  Test  28-day  Test 
A                                          1300  2000 

B  1000  1700 

C  900  1500 

D  1700  2500 

85.24. — The  seven-day  requirements  may  be  waived.  The  exact  propor- 
>ns  may  be  varied,  with  the  approval  of  the  engineer,  to  obtain  the  strength 
sired  and  the  new  proportions  used  in  the  work,  but  the  proportions  of 
ment  to  total  aggregate  shall  not  be  less  than  hereinafter  prescribed,  only 
:h  proportions  shall  be  used  as  will  produce  a  workable  mixture,  and  no 
owance  shall  be  made  the  contractor  for  altered  or  additional  work  or 
iterial  involved  in  the  reproportioning. 

85.25.  Hydrated  Lime. — This  material  delivered  to  the  work  in  the  original 
ckages  may  be  used  to  an  amount  not  exceeding  10%  by  volume  of  the 
rtland  cement.  Each  package  shall  be  clearly  marked  to  show  the  brand, 
i  net  weight,  the  name  of  the  manufacturer,  and  place  of  manufacture, 
shall  comply  with  the  current  specifications  of  the  A.S.T.M. 

85.26.  For  hand-mixed  concrete  the  lime  shall  be  well  mixed  while  dry. 
shall  be  considered  as  an  additional  material,  not  as  replacing  any  cement. 
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The  use  of  hydrated  lime,  unless  otherwise  specified,  is  optional  with  t 
contractor  except  that  it  shall  not  be  used  in  concrete  deposited  und 
water,  and  no  compensation  for  it  will  be  allowed  the  contractor. 

85.27.  All  sampling  of  materials  shall  be  as  required  in  U.  S.  Departme 
of  Agriculture  Bulletin  12 16.  Cement  shall  be  packed,  shipped,  stored,  ai 
inspected  as  prescribed  in  Bulletin  12 16. 

85.28.  The  method  of  storing  and  handling  aggregate  on  the  work  shall 
such  as  to  avoid  segregation  of  sizes,  and  mixture  of  the  material  with  mu 
dust,  or  trash.  When  deemed  necessary,  the  engineer  may  order  the  use 
platforms  for  the  storage  of  coarse  aggregate.  Aggregate  shipped  in  dir 
cars  or  containers,  or  that  becomes  mixed  with  weeds,  dirt,  or  foreign  mater 
or  that  is  not  uniform,  or  the  component  parts  of  which  have  become  segi 
gated,  shall  be  rejected.  Preferably,  no  aggregate  shall  be  stored  or  dump 
on  the  roadbed. 

85.20.  Construction  Methods.— -All  equipment,  tools,  and  machinery  us 
for  hauling  materials  and  performing  any  part  of  the  work  must  be  approv 
by  the  engineer  and  must  be  maintained  in  satisfactory  working  conditior 

85.30.  Falsework  for  supporting  concrete  work  shall  be  built  on  found 
tions  of  sufficient  strength  to  carry  the  load  without  appreciable  deformatic 
Falsework  which  cannot  be  founded  on  solid  footings  must  be  supported  ' 
ample  falsework  piling.  Falsework  shall  be  designed  to  carry  the  full  loa 
coming  upon  it.  For  single-span  bridges  falsework  shall  be  given  a  pern 
nent  camber  equal  to  Ho"  per  foot  of  clear  span.  Multiple-span  bridg 
shall  be  given  the  amount  of  camber  specified  on  the  plans.  In  gener 
double  wedges  or  other  suitable  means  shall  be  provided  for  constructing  f al: 
work  and  forms  to  correct  lines.  On  important  structures,  when  request 
by  the  engineer,  the  contractor  shall  submit  plans  for  falsework  and  for: 
for  checking  and  approving  before  the  falsework  is  constructed.  No  exl 
compensation  will  be  allowed  for  falsework. 

85.31.  Wood  or  metal  forms  shall  be  constructed  of  materials  sufficient 
strength  to  hold  the  concrete  without  bulging  between  supports.  T! 
material  to  be  used  in  wood  forms  for  exposed  surfaces  shall  be  sized  a  t 
dressed  lumber,  free  from  knot  holes,  loose  knots,  cracks,  splits,  or  otl 
defects  affecting  its  strength,  the  accuracy,  or  the  appearance  of  the  finish 
concrete  surfaces,  and  in  general  shall  be  at  least  iM"  thick.  Tongue  a 
grooved  material  may  be  required  by  the  engineer.  If  metal  forms  are  us>  | 
all  bolt  and  rivet  holes  shall  be  countersunk  so  that  a  plane,  smooth  surfc 
will  be  obtained. 

85.32.  In  designing  forms  and  centering,  the  concrete  shall  be  treated  a 
liquid  weighing  150  lb.  per  cubic  foot  for  vertical  loads,  and  85  lb.  per  cu' 
foot  for  horizontal  pressure.      The  unsupported  length  of  the  wooden  colurc 
and  compression  members  shall  not  exceed  thirty  times  the  diameter  I 
least  side. 

85.33.  Forms  shall  be  so  designed  and  constructed  that  they  may  be  I 
moved  without  injury  to  the  concrete.  Blocks  and  bracing  shall  be  remov  I 
with  the  forms  and  in  no  case  shall  any  portion  of  the  wood  forms  be  1  I 
in  the  concrete.  Special  attention  shall  be  paid  to  the  ties  and  brach  I 
and  where  the  forms  appear  to  be  insufficiently  braced,  or  unsatisfactor  I 
built,  either  before  or  during  construction,  the  engineer  shall  order  the  wc  I 
to  be  stopped  until  the  defects  have  been  corrected  to  his  satisfaction.  J 
the  forms  bulge  or  sag  at  any  point  when  the  concrete  is  placed  in  them,  t  | 
portion  of  concrete  causing  the  distortion  shall  be  immediately  removed  a 
the  forms  properly  repaired  and  strengthened  before  continuing  the  wo: 
The  forms  shall  be  so  constructed  that  the  finished  concrete  shall  be  of  t 
form  and  dimensions  as  shown  on  the  plans  and  true  to  line  and  grade. 

85.34.  Forms  shall  be  filleted  at  all  sharp  corners  and  shall  be  given  a  be 
in  the  case  of  all  projections,  such  as  girders,  copings,  etc.,  sufficient  to  inst  | 
their  easy  removal. 

85.35.  To  insure  a  first-class  surface  finish  on  the  concrete,  the  forms  sh 
be  painted  with  a  colorless  oil,  or  some  other  satisfactory  means  taken 
prevent  the  concrete  adhering  to  them.  The  forms  shall  be  thorougt 
drenched  with  water  immediately  before  the  concrete  is  placed  in  the 
They  shall  be  inspected  immediately  preceding  the  placing  of  concrete,  a: 
bulging  or  warping  shall  be  remedied,  and  all  dirt,  sawdust,  shavings,  or  ott 
ddbris  within  the  forms  shall  be  removed. 

85.36.  For  narrow  walls  where  access  to  the  bottom  of  the  forms  is  n 
readily  attainable  otherwise,  the  lower  form  boards  shall  be  left  loose 
that  they  may  be  removed  for  cleaning  out  all  chips,  dirt,  sawdust,  or  ott 
extraneous  material  immediately  prior  to  placing  concrete. 
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B5.37.  Form  lumber  which  is  used  a  second  time  shall  be  thoroughly 
aned  and  shall  be  free  from  bulge,  splits,  or  warps. 

85.38.  Measuring  Materials. — All  materials  shall  be  separately  and 
urately  measured  by  volume,  unless  otherwise  specified,  and  each  batch 
,11  be  uniform.  The  coarse  and  fine  aggregate  shall  be  measured  loose 
1  separately.  No  computed  change  in  volume  for  moisture  content 
ill  be  considered.  A  bag  of  cement  (American)  as  packed  by  the  manu- 
rturers  and  weighing  94  lb.  shall  be  considered  1  cu.  ft.  The  contractor 
ill  furnish  and  use  approved  measuring  boxes,  pans,  or  mechanical  devices, 
ich  in  operation  will  give  the  exact  volumes  of  coarse  and  fine  aggre- 
te  required  for  the  several  classes  of  concrete  required,  and  so  designed 
d  plainly  marked  that  the  inspector  can  accurately  and  conveniently 
;ck  the  quantities  of  each  aggregate  actually  being  used. 

35.39.  Consistency. — The  quantity  of  water  to  be  used  shall  be  deter- 
ned  by  the  engineer,  and  not  varied  without  his  consent.  The  contractor 
ill  furnish  and  use  with  the  mixer  an  approved  adjustable  water-measuring 
vice  which  will  prevent  excess  water  flowing  into  the  mixer  in  order  that 
i  consistency  may  be  under  positive  control,  and  all  batches  may  be  of  the 
ne  consistency. 

35.40.  In  general,  the  minimum  amount  of  water  shall  be  used  which  will 
>duce  the  required  workability.     The  mortar  shall  cling  to  the  coarse 

regate,  and  shall  show  no  free  water  when  removed  from  the  mixer. 
e  concrete  when  being  transported  in  a  clean  metal  chute  at  an  angle  of 
'  to  the  horizontal  shall  slide,  and  not  flow,  and  when  dropped  directly 
m  the  discharge  chute  of  the  mixer,  shall  flatten  out  at  the  center  of  the 
but  shall  stand  up  and  not  flow  at  the  edges.  The  upper  surface  of 
;  set  concrete  shall  show  a  cement  film  upon  the  surface,  but  shall  be  free 
m  laitance.  In  no  case  shall  an  amount  of  water  be  used  sufficient  to 
jse  the  collection  of  a  surplus  on  the  surface. 

5.41.  Mixing  Conditions. — The  concrete  shall  be  mixed  in  the  quantities 
mired  for  immediate  use  and  any  which  has  developed  initial  set,  or  which 
tiot  in  place  within  30  min.  after  the  water  has  been  added,  shall  not  be 
sd.     No  concrete  shall  be  mixed  while  the  air  temperature  is  at  or  below 

F.  without  the  approval  of  the  engineer.  Retempering  of  concrete  or 
rtar  will  not  be  allowed. 

$5.42.  Mixing. — The  mixing  shall  be  done  in  a  batch-mixer  of  approved 
>e  which  will  insure  the  uniform  distribution  of  the  material  throughout 
;  mass  so  that  the  mixture  is  uniform  in  color  and  smooth  in  appearance. 
e  mixing  shall  continue^  for  a  minimum  time  of  i££  min.  after  all  the 
redients  are  assembled  in  the  drum,  during  which  time  the  drum  shall 
■olve  at  the  speed  for  which  it  was  designed  but  shall  make  not  less  than 
nor  more  than  20  r.p.m.  The  mixer  shall  be  equipped  with  an  attachment 
satisfactorily  locking  the  discharging  device  so  as  to  prevent  the  emptying 
he  mixer  until  all  the  materials  have  been  mixed  together  for  the  minimum 
te  required.  The  entire  contents  of  the  drum  shall  be  discharged  before 
7  materials  are  placed  therein  for  the  succeeding  batch.  The  mixer  shall 
equipped  with  bucket  and  boom  delivery  unless  otherwise  permitted   by 

engineer,  have  a  capacity  of  not  less  than  three  bags  of  cement  per 
;ch  of  concrete  of  the  composition  herein  specified,  and  a  speed  regulator 
bold  the  mixer  to  its  normal  speed  of  revolution. 

{5.43.  Hand  Mixing. — Hand  mixing  will  not  be  allowed  except  with  the 
:cific  permission  of  the  engineer  on  very  small  jobs  or  in  case  of  an  emer- 
icy.  When  hand  mixing  is  permitted  it  shall  be  done  on  a  water-tight 
tform.  The  fine  aggregate  and  cement,  shall  first  be  mixed  until  a  uni- 
m  color  is  attained  and  then  spread  over  the  mixing  board  in  a  thin  layer. 
[5.44.  The  coarse  aggregate,  which  shall  have  been  previously  drenched, 
.11  then  be  spread  over  the  fine  aggregate  and  cement  in  a  uniform  layer 
1  the  whole  mass  turned  as  the  water  is  added. 

15.45.  After  the  water  has  been  added,  the  mass  shall  be  turned  at  least  six 
es,  and  more  if  necessary,  to  make  the  mixture  uniform  in  color  and  smooth 
ippearance.     Hand-mixed  batechs  shall  not  exceed  %  cu.  yd.  in  volume. 
5.46.  Placing. — No  concrete  shall  be  poured  in  foundation   until  the 
ineer  has  approved  the  depth  and  character  of  the  foundation,  nor  shall 

concrete  be  poured  in  forms  until  the  engineer  has  approved  the  placing 
;he  steel. 

15.47.  The  concrete  shall  be  placed  in  the  forms  immediately  after  mixing 
I  in  such  manner  as  to  avoid  the  separation  or  segregation  of  the  aggregate. 

mixing  plant  shall  be  equipped  and  arranged  so  as  to  permit  the  mixing 
I  placing  of  the  concrete  quickly  and  uniformly. 
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85.48.  In  depositing  the  concrete,  care  shall  be  taken  to  fill  the  for 
entirely,  and  to  compact  the  concrete  by  continuous  tamping,  slicing,  an 
spading,  but  not  to  bulge  or  distort  the  forms  or  to  disturb  their  alignmen 
Any  porous  section  shall  be  removed  at  the  expense  of  the  contractor. 

85.49.  When  concrete  is  deposited  through  chutes,  the  angle  of  the  san 
with  the  horizontal  shall  be  such  as  will  allow  the  concrete  to  slide  slow 
and  without  separation  of  the  aggregate.  The  delivery  from  the  spout  sha 
be  as  close  as  possible  to  the  point  of  deposit.  Chutes  shall  preferably  1 
of  metal,  but  if  of  wood,  metal  lined,  they  shall  be  kept  clean  and  free  fro 
material  adhering  to  their  sides  and  shall  be  thoroughly  flushed  with  wat 
before  and  after  each  run. 

85.50.  The  use  of  long  chutes  will  be  allowed  only  with  written  permissic 
of  the  engineer,  and  such  permission  will  not  be  given  for  work  which  w 
be  exposed  to  salt  or  brackish  water. 

85.51.  Pipes  when  used  shall  be  kept  full  of  concrete,  and  the  dischar, 
end  shall  be  kept  buried  in  fresh  concrete,  and  shall  meet  the  requiremen 
prescribed  for  tremies. 

85.52.  Depositing  large  quantities  at  one  point  in  the  forms,  and  runnii 
and  working  it  along  the  forms,  will  not  be  permitted.  Special  care  shs. 
be  taken,  in  filling  the  forms,  to  work  the  coarser  aggregate  away  from  t 
face  of  the  forms  and  to  force  the  concrete  under  and  around  the  reinforc 
ment,  The  concrete  shall  be  worked  with  a  steel  slicing  rod,  or  other  sat: 
factory  implement,  in  such  a  manner  as  to  bring  a  thick  layer  of  mortar 
contact  with  the  forms  and  reinforcement,  and  to  prevent  the  formation 
pockets  of  stone. 

85.53.  All  faces  shall  be  spaded.     Portions  inaccessible  to  slicing  rod 
spade  shall  be  worked  by  vibrating  the  forms  by  wooden  mallets  or 
directed  by  the  engineer.     After  the  concrete  has  taken  its  initial  set,  ca 
shall  be  exercised  to  prevent  walking  on  the  concrete,  to  avoid  jarring  t 
forms  or  knocking  or  straining  projecting  reinforcement. 

85.54.  Concrete  shall  be  placed  in  continuous  horizontal  layers,  in  gene: 
not  over  i'  in  thickness.  When  a  monolithic  layer  cannot  be  completed 
one  operation,  it  shall  be  terminated  with  a  vertical  bulkhead.  No  feathi 
ing  out  will  be  tolerated.  The  batches  of  concrete  shall  follow  the  precedi 
batch  closely  before  any  initial  set  can  take  place  in  order  to  prevent  lii 
of  demarcation  between  batches.  Successive  horizontal  layers  shall 
bonded  to  each  other.  The  surface  of  each  layer  shall  be  left  rough  or  otl 
provision  for  bonding  made  as  required. 

85.55.  Joints. — Joints  may  be  constructed  joints  or  expansion  joints 
either  the  sliding  or  filled  type. 

85.56.  Construction  Joints. — Wherever  the  work  of  placing  concrete 
delayed  until  the  concrete  shall  have  taken  its  initial  set,  the  point  of  stc 
ping  shall  be  deemed  a  construction  joint.  So  far  as  possible  the  location 
construction  joints  shall  be  planned  in  advance  and  the  placing  of  concn 
carried  continuously  from  joint  to  joint.  Those  joints  shall  be  perpendicu 
to  the  principal  lines  of  stress  and,  in  general,  shall  be  located  at  points 
minimum  shear. 

85.57.  Where  dowels,  reinforcing  bars,  or  other  adequate  ties  are  not  sho] 
on  the  plans  or  required  by  the  engineer,  keys  shall  be  made  by  imbeddi 
water-soaked  beveled  timbers  of  a  size  shown  on  the  details,  or  as  direct 
by  the  engineer,  in  the  soft  concrete,  which  shall  be  removed  when  the  cc 
crete  has  set.  In  resuming  work,  the  surface  of  the  concrete  previou: 
placed  shall  be  thoroughly  cleaned  of  dirt,  scum,  laitance,  or  other  »j 
material,  with  stiff  wire  brushes,  and  if  deemed  necessary  by  the  engine 
shall  be  roughened  with  a  steel  tool.  The  surface  shall  then  be  thorough 
washed  with  clean  water  and  painted  with  a  thick  coat  of  neat  cement  mort 
after  which    theplacing  of  concrete  may  proceed. 

85.58.  No  concrete  work  shall  be  stopped  or  temporarily  discontinui 
within  18"  of  the  top  of  any  finished  surface,  unless  such  work  is  finish  i 
with  a  coping  having  a  thickness  less  than  18",  in  which  case  the  joint  sh| 
be  made  at  the  under  line  of  the  coping. 

85.59.  In  construction  joints  exposed  to  view  where  seepage  of  water 
particularly  objectionable,  a  metal  baffle  strip,  preferably  of  copper,  zl- 
or  sheet  lead,  shall  be  inserted.  The  strip  shall  be  placed  not  less  than  1 
from  the  face  of  the  concrete  and  shall  extend  into  each  section  of  the  concr<  ■ 
a  distance  of  not  less  than  2".  1 

85.60.  Sliding  joints  shall  be  constructed  as  provided  at  ends  of  sla 
girders,  or  beams  or  between  walls,  etc.     The  surface  of  the  supporti) 
concrete  shall  be  given  a  smooth  finish  and  covered  with  two  layers  of  thr 


BRIDGES  1529 

y  roofing  felt  or  other  material  as  prescribed  to  separate  the  concrete.  All 
etal  sliding  surfaces  shall  be  coated  with  graphite  and  grease  just  before 

ing  placed  in  position,  and  care  shall  be  exercised  to  prevent  any  deposit 

concrete  which  will  interfere  with  the  sliding  action. 

85.61.  Concreting  in  Cold  Weather. — No  concrete  shall  be  placed  when 
e  atmospheric  temperature  is  below  35°F.  unless  permission  to  do  so  is 
anted  in  writing  by  the  engineer.  When  such  permission  is  given,  the 
lowing  requirements  shall  govern: 

85.62.  The  contractor  shall  furnish  sufficient  canvas  and  framework,  or 
her  type  of  housing  to  enclose  and  protect  the  structure  in  such  a  way 
at  the  air  surrounding  the  fresh  concrete  can  be  kept  at  a  temperature  of 
t  less  than  45  °F.  for  a  period  of  5  days  after  the  concrete  is  placed. 

85.63.  Sufficient  heating  apparatus,  such  as  stoves,  salamanders,  or 
am  equipment,  and  fuel  to  furnish  all  required  heat,  shall  be  supplied. '  All 
ter  using  for  mixing  concrete  shall  be  heated  to  a  temperature  of  at  least 

but  not  over  iso°F.  Aggregates  shall  be  heated  either  by  steam  or  by 
y  heat  to  a  temperature  of  at  least  70,  but  not  over  iso°F.  The  heating 
paratus  shall  be  such  as  to  heat  the  mass  uniformly  and  preclude  the 
ssibility  of  the  occurrence  of  hot  spots  which  will  burn  the  material.  The 
nperature  of  the  mixed  concrete  shall  not  be  less  than  6o°F.  at  the  time 
placing  in  the  forms. 

5.64.  The  contractor  shall  assume  all  risk  connected  with  the  placing  of 
crete  during  freezing  weather,  and  permission  given  by  the  engineer  to 
ce  concrete  during  such  time  will  in  no  way  relieve  the  contractor  of 
ponsibility  for  satisfactory  results.  Should  concrete  placed  under  such 
iditions  prove  unsatisfactory,  it  shall  be  rejected.  It  is  understood  that 
i  contractor  is  responsible  for  the  quality  and  strength  of  concrete  placed 
der  any  and  all  weather  conditions. 

5.65.  Depositing  in  Water.— Concrete  shall  be  deposited  in  water  only 
th  the  permission  of  the  engineer  and  under  his  supervision.  It  shall  be 
iss  A   concrete  with   10%   of  excess  cement.     The  cofferdams  shall  be 

Irficiently  tight  to  prevent  any'current  passing  through  the  space  in  which  the 
mcrete  is  to  be  deposited.  Pumping  will  not  be  permitted  in  the  cofferdams 
ihile  the  concrete  is  being  placed,  nor  until  it  has  reached  its  initial  set.    - 

■85.66.  When  depositing  in  water  is  allowed,  the  concrete  shall  be  carefully 
Iced  in  the  space  in  which  it  is  to  remain  in  a  compact  mass  by  means  of  a 
Rmie,  closed-bottom  dumping  bucket,  or  other  approved  method  that 
wes  not  permit  the  concrete  to  fall  through  the  water  without  adequate 
fctection.  The  concrete  shall  not  be  disturbed  after  being  deposited. 
■>  concrete  shall  be  placed  in  running  water,  and  forms  which  are  not 
Isonably  water-tight  _  shall  not  be  used  for  holding  concrete  deposited 

ider  water.  Depositing  shall  be  regulated  to  produce  approximately 
■•izontal  surfaces. 

35.67.  When  a  tremie  is  used,  it  shall  consist  of  a  tube  having  a  diameter  of 
It  less  than  10",  constructed  in  sections  having  flanged  couplings  fitted  with 
ftkets.  The  means  of  supporting  the  tremie  shall  be  such  as  to  permit  the 
le  movement  of  the  discharge  end  over  the  entire  top  surface  of  the  work 
11  shall  be  such  as  to  permit  it  to  be  rapidly  lowered  when  necessary  to 
Ike  off  or  retard  the  flow.  The  discharge  end  shall  be  entirely  sealed  at 
I  times  and  the  tremie  tube  kept  full  to  the  bottom  of  the  hopper.  When 
ftatch  is  dumped  into  the  hopper  the  tremie  shall  be  slightly  raised,  but 
k  out  of  the  concrete  at  the  bottom,  until  the  batch  discharges  to  the 
fttom  of  the  hopper.  The  flow  is  then  stopped  by  lowering  the  tremie. 
le  flow  shall  be  continuous  and  in  no  case  shall  be  interrupted  until  the 
irk  is  complete. 

35.68.  When  concrete  is  placed  by  means  of  a  bottom-dump  bucket,  the 
fcket  shall  have  a  capacity  of  not  less  than  }£  cu.  yd.  The  bucket  shall 
■lowered  gradually  and  carefully  until  it  rests  upon  the  concrete  already 
Iced.  It  shall  then  be  raised  very  slowly  during  the  discharge  travel,  the 
lent  being  to  maintain^  as  nearly  as  possible,  still  water  at  the  point  of 
■charge  and  to  avoid  agitating  the  mixture. 

{5.69-  Rubble  or  Cyclopean  Concrete. — Rubble  or  cyclopean  concrete 
1.11  consist  of  either  Class  B  or  Class  C  concrete,  in  which  is  imbedded  large 
lividual  stones  in  accordance  with  the  following  requirements: 

J5.70.   This  class  of  concrete  shall  be  used  only  in  massive  piers,  gravity 
fctments.  and  heavy  footings  and  only  with  the  approval  of  the  engineer. 
■  $5-7i-   The  stone  for  this  class  of  work  shall  be  of  the  quality  required 
I  coarse  qggregate,  and  may  be  one-man  stone  or  derrick  stone  as  specified 
■einbelow. 
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85.72.  The  stone  shall  be  carefully  placed  (not  dropped  or  cast)  and  tl 
method  of  placing  shall  be  such  as  to  avoid  injury  to  the  forms  or  to  the  pari 
ally  set  adjacent  masonry.  Stratified  stone  shall  be  placed  upon  its  natur 
bed.     All  stone  shall  be  thoroughly  saturated  with  water  before  being  place 

85.73.  The  total  volume  of  the  stone  used  shall  not  be  greater  than  on 
third  of  the  total  volume  of  the  portion  of  the  work  in  which  it  is  placed. 

85.74.  For  walls  or  piers  greater  than  2'  in  thickness,  one-man  stone  rxu 
be  used.     Each  stone  shall  be  completely  surrounded  by  a  layer  of  concre 
not  less  than  6"  in  thickness.     No  stone  shall  extend  above  a  point  1'  belc 
the  top  surface  of  any  wall  or  pier  nor  shall  it  extend  within  less  than  8" 
any  coping. 

85.75-  For  walls  or  piers  greater  than  4'  in  thickness  derrick  stone  may 
used.     Each  stone  shall  be  completely  surrounded  by  a  layer  of  concre 
not  less  than  i'  in  thickness.     No  stone  shall  extend  above  a  point  of 
below  the  top  surface  of  any  wall  or  pier  nor  shall  it  extend  within  less  ths 
8"  of  any  coping. 

85.76.  Concrete  Exposed  to  Sea  Water. — For  concrete  exposed  to  t 
action  of  sea  water,  the  following  requirements  shall  govern: 

85.77.  Concrete  for  walls  2  feet  or  less  in  thickness  shall  be  mixed  in  t 
proportions  specified  for  Class  A  concrete  with  10%  additional  cemei 
For  mass  walls,  that  portion  of  the  surface  exposed  to  the  action  of  salt  wal 
and  for  a  distance  of  at  least  2'  inward  from  the  exterior  of  the  mass  shall 
constructed  as  above  specified,  while  the  interior  of  the  mass  may  be  cc 
structed  of  concrete  as  specified  on  the  plans  and  mixed  in  the  ordina 
manner.  The  original  surface  as  the  concrete  comes  from  the  forms  sh 
be  left  undisturbed.  In  order  to  secure  a  thick  and  dense  surface  film,  t 
form  surfaces  shall  be  heavily  coated  with  shellac  or  an  approved  form  c 
No  construction  joints  shall  be  located  between  points  2'  below  extreme  1< 
water  and  4'  above  extreme  high  water. 

85.78.  In  general,  reinforced  concrete  shall  not  be  used  in  sea  wat 
However,  when  it  is  used,  the  reinforcement  shall  be  placed  as  far  from  t 
surface  as  is  consistent  with  the  design  and  shall  be  proportioned  to  withsta 
a  stress  of  not  more  than  three-fourths  of  the  allowable  stress.  The  mi 
mum  clear  distance  from  the  face  of  the  concrete  to  the  nearest  face  of  a 
reinforcing  bar  shall  in  no  case  be  less  than  5"  except  in  precast  concr 
piles,  where  a  3"  minimum  may  be  used. 

85.79.  Concrete  exposed  to  the  action  of  drift  or  to  impact  and  abras:  I 
from  any  cause  shall  be  protected  by  encasing  that  portion  of  the  surfa  I 
extending  from  an  elevation  at  least  4'  above  high  tide  to  an  elevation  I 
below  low  tide,  with  a  special  sheathing  or  protective  armor  as  shown  I 
the  plans  or  noted  in  the  supplemental  specifications,  and  provision  shall  I 
made  in  the  size  of  the  original  cofferdam  for  sufficient  clearance  to  perr  I 
access  to  the  masonry  surface  for  the  installation  and  effective  anchorage  I 
this  sheathing. 

85.80.  The  protective  armor  above  noted  may  be  of  metal  plates,  a  vill 
fied  brick,  or  dense  stone  facing,  a  dense  mortar  facing  placed  simultaneou  I 
with  the  interior  of  the  wall  by  means  of  baffle  plates,  treated  timber  shea  I 
ing,  or  other  approved  construction. 

85.81.  When  so  specified,  the  cofferdam  may  be  constructed  above  11 
mud  line  with  treated  material  and  left  permanently  in  place.  In  this  ca  1 
the  space  between  the  neat  masonry  lines  and  the  interior  of  the  cofferdj  t 
shall  be  filled  with  waterproof  material.^ 

85.82.  Concrete  between  the  tide  limits  above  specified  shall  not,  in  a  J 
case,  be  deposited  in  sea  water.     In  no  case  shall  fresh  concrete  within  the 
limits  be  exposed  to  the  action  of  sea  water  nor  shall  salt  water  be  allowed 
come  in  contact  with  the  concrete  until  it  shall  have  been  allowed  to 
for  at  least  30  days  and  preferably  for  a  longer  period. 

85.83.  Concrete  piles  when  used  in  alkali  soils  shall,  unless  otherw 
specified,  be  subject  to  the  same  requirements  as  are  provided  hereinabo 
for  concrete  piles  in  sea  water. 

85.84.  Concrete  Exposed  to  Alkali  Soils  or  Water. — In  general,  the  sai 
requirements  as  above  specified  for  concrete  in  sea  water  shall  govern  t 
construction  of  concrete  in  alkali  soils  or  water.  When  so  specified,  t 
forms  below  the  ground  line  may  be  constructed  of  treated  timber,  wat 
proofed  with  a  brush  coating  of  a  suitable  bituminous  material,  and  1 
permanently  in  place.  In  lieu  of  the  above,  the  surface  of  the  concn 
below  ground  may  be  treated  with  an  approved  system  of  membrane  wat< 
proofing  or  may  be  protected  by  a  sheathing  of  suitable  design.  Concn 
shall  not  be  allowed  to  come  in  contact  with  alkali  soil  or  water  until 
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11  have  been  allowed  to  set  for  at  least  30  days  and  for  a  longer  period  if 
sible.  No  construction  joints  shall  be  permitted  below  an  elevation  of  2' 
>ve  the  ground  line.  The  surface  film  shall  be  left  intact  as  it  comes  from 
forms.  To  secure  a  heavy  and  dense  surface  film,  the  form  surfaces 
11  be  heavily  coated  with  shellac  or  an  approved  form  oil.  The  soil 
und  footings  placed  in  alkali  soil  shall  be  thoroughly  and  effectively 
ined  to  avoid  a  concentration  of  salts  at  or  around  the  footings. 

5.85.  Removal  of  Forms. — In  order  to  make  possible  the  obtaining  of  a 
isfactory  surface  finish,  forms  on  ornamental  work,  railings,  parapets, 
I  exposed  vertical  surfaces  shall  be  removed  in  not  less  than  12  nor 
re  than  48  hr.,  depending  upon  weather  conditions.  Forms  shall  always 
removed  from  columns  before  removing  shoring  from  beneath  beams  or 
lers,  in  order  to  determine  the  condition  of  concrete  in  the  columns. 

5.86.  The  following  table  shall  serve  as  a  guide  for  the  minimum  time 
uired  before  the  removal  of  forms,  not  counting  the  days  in  which  the 
iperature  is  below  40 °F.: 

Centering  under  beams 28  days 

Floor  slabs 14  to  28  days 

Walls 7  days 

Columns 10  days 

The  sides  of  beams,  and  all  other  parts 7  days 

5.87.  No  forms  whatever  shall  be  removed  at  any  time  without  the 
sent  of  the  engineer.  Such  consent  shall  not  relieve  the  contractor  of 
>onsibility  for  the  safety  of  the  work.  As  soon  as  the  forms  are  removed 
bolts,  wires,  or  other  appliances  which  hold  the  forms  and  which  pass 
)ugh  the  concrete  shall  be  cut  off  or  set  back  1"  below  the  surface.  All 
jh  places,  holes,  and  porous  spots  shall  be  filled  with  mortar  composed 

part  Portland  cement  to  2  parts  sand. 

5.88.  Defective  Work. — Any  defective  work  discovered,  after  the  forms 
e  been  removed,  shall  be  removed  immediately  and  renewed.  If  the 
ace  of  the  concrete  is  bulged,  uneven,  or  shows  excess  honeycombing  or 
1  marks,  which  in  the  opinion  of  the  engineer  cannot  be  repaired  satis- 
orily,  the  entire  section  shall  be  removed  and  renewed,  and  no  compen- 
an  will  be  allowed  for  the  work  or  material. 

5.89.  Curing  Concrete. — Careful  attention  shall  be  given  by  the  con- 
tor  to  the  proper  curing  of  concrete  hand  rails,  floors,  and  finished  sur- 

Such  surfaces  shall  be  protected  from  the  sun  and  the  whole  structure 
I  be  kept  wet  for  a  period  of  at  least  7  days.  All  concrete  floors  shall 
overed  as  soon  as  possible  with  sand,  earth,  or  other  suitable  material 
kept  thoroughly  moistened  for  a  period  of  at  least  10  days  by  sprinkling 

morning  and  evening,  or  more  frequently  if  deemed  necessary  by  the 
neer.      The  covering  material  shall  not  be  cleared  from  the  surface  of 
concrete  floor  for  a  period  of  at  least  28  days. 
j.oo.  Unless  otherwise  permitted  by  the  engineer,  concrete  bridge  floors 

be  closed  to  traffic  for  a  period  of  at  least  21  days  after  placing,  and  for 

additional  time  as  it  may  be  deemed  advisable. 

01.  Finish. — The  external  surface  of  concrete  shall  be  given  one  of  the 
wing  finishes  as  required  on  plans: 

.92.  Class  1.  Surface  Finish. — As  soon  as  the  pointing  has  set  suffi- 
ly  to  permit  it,  the  entire  surface  shall  be  thoroughly  wet  with  a  brush 
rubbed  with  a  No.  16  carborundum  stone  or  an  abrasive  of  equal  quality, 

ing  the  surface  to  a  paste.  The  rubbing  shall  be  continued  sufficiently 
moveall  form  marks  and  projections,  producing  a  smooth,  dense  surface 
out  pits  or  irregularities. 

93.  The  material  which,  in  the  above  process,  has  been  ground  to  a 
shall  be  carefully  spread  or  brushed  uniformly  over  the  entire  surface 
allowed  to  take  a  "reset."  The  final  finish  shall  be  obtained  by  a 
>ugh  rubbing  with  a  No.  30  carborundum  stone  or  an  abrasive  of  equal 
ty.     This  rubbing  shall  continue  until  the  entire  surface  is  of  a  smooth 

re  and  uniform  in  color. 

.94.  After  the  final  rubbing  is  completed,  the  surface  shall  be  thoroughly 

:hed  and  kept  wet  for  a  period  of  7  days,  unless  otherwise  directed. 

95.  Railing  balusters  and  other  precast  members  which  have  been 
;ured  by  the  drip_  from  the  abrasive  shall  be  thoroughly  cleaned  by 
is  of  a  dilute  solution  of  muriatic  acid. 

.96.  Class  2.  Surface  Finish.- — After  the  pointing  has  set  sufficiently 
xmit  it,  the  entire  surface  shall  be  thoroughly  wetted  and  rubbed  with 
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a  No.  16  carborundum  stone  or  an  abrasive  of  equal  quality  to  bring 
surface  to  a  smooth  texture  and  remove  all  form  marks.  The  paste  for: 
by  the  rubbing  as  above  described  may  be  finished  by  carefully  strip] 
with  a  clean  brush,  or  it  may  be  spread  uniformly  over  the  surface 
allowed  to  take  a  "reset,"  after  which  it  may  be  finished  by  floating  wi 
canvas,  carpet-faced,  or  cork  float  or  rubbed  down  with  dry  burlap. 

85.97.  Treatment  and  Finish  for  Horizontal  Surfaces  Not  Subjectei 
Wear. — All  upper  horizontal  surfaces  such  as  the  tops  of  hand-rail  posts 
caps  and  the  tops  of  parapets,  copings,  and  bridge  seats  shall  be  forme< 
placing  an  excess  of  material  in  the  forms  and  removing  or  striking 
such  excess  with  a  wooden  templet,  forcing  the  coarse  aggregate  below 
mortar  surface.  The  use  of  mortar  topping  for  concrete  railing  caps 
other  surfaces  falling  under  this  classification  shall  in  no  case  be  permitte 

85.98.  The  final  finish  for  caps  and  railings  shall  be  obtained  in  one  oi 
following  ways: 

85.99.  a.  Brush  Finish. — After  the  concrete  has  been  struck  off,  as  al 
described,  the  surface  shall  be  thoroughly  worked  and  floated  with  a  woo 
canvas,  or  cork  float,  the  operation  to  be  performed  by  skilled  and  experie: 
concrete  finishers.  Before  this  last  finish  has  set,  the  surface  shall  be  lig 
striped  with  a  fine  brush  to  remove  the  surface  cement  film,  leaving  a 
grained,  smooth,  but  sanded  texture. 

85.100.  b.  Float  Finish. — In  lieu  of  the  above,  the  surface  may  be  fini 
with  a  rough  carpet  float  or  other  suitable  device,  leaving  the  surface  e 
but  distinctly  sandy  or  pebbled  in  texture. 

85.101.  c.  Ground  or  Terrazzo  Finish.— When  specified,  the  upper 
face  or  rail  caps,  parapets,  etc.,  may  be  finished  by  grinding  with  a  carbc 
dum  stone,  or  equally  good  abrasive,  to  a  smooth,  dense,  terrazzo  fi: 
Finish  of  this  character  shall  be  done  as  follows: 

85.102.  Using  a  No.  16  carborundum  stone  or  an  abrasive  of  equal  qu£ 
the  surface  shall  be  ground  dry  or  in  water  until  it  is  smooth  and  the  ind 
ual  pebbles  and  aggregate  particles  are  cut  and  polished.  The  su: 
shall  then  be  completely  cleansed  with  water,  and  the  final  rubbing 
by  means  of  a  No.  30  stone.  The  finished  surface  shall  present  the  textu 
polished  marble  and  shall  show  the  various  aggregate  particles  in  poli 
outline. 

85.103.  d.   Other  Types. — Special  types  of  rail  cap  finish,  such  as  "t< 
finish,"   "sand-blasted  finish,"  etc.,  shall  be  done  in  accordance  wit!  J 
general    requirements     governing    Special    Surface    Finishes,  as  herein 
provided. 

85.104.  Special   Surface  Finishes. — When  so  specified,   special  su 
finishes  may  be  employed  for  ornamental  panels,  coping,  and  like  cons  1 
tion.     In  general,  the  method  and  manner  of  performing  this  work  w 
fully  provided  for  in  the  special  provisions  for  the  particular  work  in  ques 

85.105.  In  each  case  the  contractor  shall  be  required  to  prepare  te 
sample  panels  under  the  direction  of  the  engineer,  and  the  method 
manner  of  finish,  the  choice  and  selection  of  the  aggregate,  and  other  f  ea 
affecting  the  work  shall  be  approved  before  any  further  work  is  done. 

85.106.  Following  are  typical  general  requirements  for  the  prin 
types  of  special  surface  finishes: 

85.107.  Tooled  Finish. — Finish  of  this  character  for  panels  and  othe: 
work  may  be  secured  by  the  use  of  a  bush  hammer,  pick,  crandall,  or  • 
approved  tool.  Air  tools  shall  preferably  be  employed.  No  tooling 
be  done  until  the  concrete  has  set  for  at  least  14  days  and  as  much  long 
may  be  necessary  to  prevent  the  aggregate  particles  from  being  "pic 
out  of  the  surface.  The  finished  surface  shall  show  a  grouping  of  bi 
aggregate  particles  in  a  matrix  of  mortar,  each  aggregate  particle  bei:  I 
slight  relief. 

85.108.  Sand-blast  Finish. — The  type  of  finish  required  in  this  mt 
shall  be  similar  to  that  above  described  for  tooled  finish,  but  finer  gr; 
in  texture.  The  sand  blasting  must  be  done  by  means  of  approved  equip 
and  in  such  manner  as  to  produce  an  even,  fine-grained  surface  in  whic 
mortar  has  been  cut  away,  leaving  the  aggregate  particles  exposed. 

85.109.  Wire-brush  or  Scrubbed  Finish. — This  type  of  finish  sha 
produced  by  scrubbing  the  surface  of  a  green  concrete  with  stiff  wire  or 
brushes,  using  a  solution  of  muriatic  acid  in  the  proportion  of  r  part  ac 
4  parts  water.  As  soon  as  the  forms  are  removed  and  while  the  concr 
yet  comparatively  green,  the  surface  shall  be  thoroughly  and  evenly  scru 
as  above  described  until  the  cement  film  or  surface  is  completely  rerr 
and  the  aggregate  particles  are  exposed,  leaving  an  even-pebbled  te 
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senting  an  appearance  grading  from  that  of  fine  granite  to  coarse  conglom- 
tri,  depending  upon  the  size  and  grading  of  aggregate  used.  Granite 
ps  or  colored  aggregates  may  be  used  in  this  connection  if  desired.  As 
n  as  the  scrubbing  has  progressed  sufficiently  to  produce  the  texture 
ired,  the  entire  surface  shall  be  thoroughly  washed  with  water,  to  which  a 
ill  amount  of  ammonia  has  been  added,  to  remove  all  traces  of  the  acid. 
5.110.  Methods  of  Measurement. — All  concrete  conforming  to  the  speci- 
tion  and  plans  and  placed  as  directed  shall  be  measured  by  the  cubic 
d  in  place.  In  computing  the  concrete  yardage  for  payment,  the  dimen- 
is  used  shall  be  those  shown  on  plans  or  ordered  in  writing  by  the  engineer, 
measurements  or  other  allowances  shall  be  made  for  work  or  material 
forms,  falsework,  cofferdams,  pumping,  bracing,  etc.  No  deductions 
neasurement  shall  be  made  for  paneling  less  than  6"  in  width. 
5. in.  Basis  of  Payment. — Payment  shall  be  made  for  the  yardage  of 
;pted  concrete  measured  as  prescribed  above  at  the  contract  unit  price 
per  cubic  yard  for  Class  A,  Class  B,  Class  C,  or  Class  D  concrete,  as 
case  may  be.  Such  payment  shall  be  full  compensation  for  all  materials, 
ns,  falsework,  placing,  and  finishing,  all  equipment,  tools,  labor,  and 
dentals  necessary  to  complete  the  item,  except  that  steel  reinforcement 
.1  be  paid  for  as  a  separate  item. 

Item  82. Steel  Structures1 

2.1.  Description. — All  steel  structures  shall  be  built  as  indicated  on  the 
is,  conforming  to  line,  grade,  dimensions,  and  design  shown,  and  in 
jrdance  with  the  specifications  for  piling,  concrete,  masonry,  structural 
1,  and  other  pay  items  which  are  to  constitute  the  complete  structure, 
in  conformity  with  such  specifications  prescribed  under  concrete  bridges 
re  involved. 

2.2.  Materials  and  construction  methods  used  shall  be  those  prescribed 
the  several  items  which  are  to  constitute  the  structure  and  in  addition 
1  conform  to  the  following  requirements: 

Fabrication 

8.3.  All  deformed  structural  material  shall  be  properly  straightened  by 
hods  which  are  non-injurious,  prior  to  being  laid  off,  punched,  or  otherwise 
ked  in  the  shop.      Sharp  kinks  and  bends  shall  be   cause   for   rejection. 

1.4.  The  workmanship  and  finish  shall  be  first  class  and  equal  to  the  best 
tice  in  modern  bridge  shops.  Shearing  and  chipping  shall  be  neatly  and 
rately  done,  and  all  portions  of  the  work  exposed  to  view  shall  be  neatly 
hed.  No  changes  shall  be  made  in  any  drawing  after  it  has  been  approved 
pt  by  the  consent  or  direction  of  the  engineer  in  writing.  Substitutions 
actions  having  different  dimensions  from  those  shown  on  the  plans  shall 
lade  only  when  approved  in  writing  by  the  engineer. 

.5.  Rivet  Holes. — When  general  reaming  is  not  required,  holes  in  material 
or  less  in  thickness  may  be  punched  full  size.  Holes  in  material  more 
.  %"  in  thickness  shall  be  subpunched  and  reamed,  or  drilled  from  the 

6.  Punched  Holes. — Full-size  punched  holes  shall  be  He"  larger  than 
nominal  diameter  of  the  rivet.  The  diameter  of  the  die  shall  not  exceed 
diameter  of  the  punch  by  more  than  %z" .  Holes  must  be  clean  cut, 
out  torn  or  ragged  edges.  If  any  holes  must  be  enlarged  to  admit  the 
ts,  they  shall  be  reamed. 

.7.  Accuracy  of  Punched  Holes. — The  punching  of  holes  shall  be  so 
rately  done  that  after  assembling  the  component  parts  of  a  member, 
lindrical  pin  ^s"  smaller  than  the  nominal  diameter  of  the  punched  hole 
be  passed  through  at  least  75  of  any  group  of  100  contiguous  holes  in 
same  surface  or  in  like  proportions  for  any  group  of  holes.  If  this 
irement  is  not  fulfilled,  the  badly  punched  pieces  shall  be  rejected, 
ly  holes  will  not  pass  a  pin  He"  smaller  than  the  nominal  diameter  of 
punched  hole,  this  shall  be  cause  for  rejection. 

.8.  Drilled  Holes. — Drilled  holes  shall  be  He"  larger  than  the  nominal 
leter  of  the  rivet.  Burrs  on  the  outside  surfaces  shall  be  removed  with 
)1  producing  a  }>{%"  fillet  around  the  edge  of  the  hole. 
9.  Subpunched  and  Reamed  Holes. — Subpunched  and  reamed  holes 
be  punched  H  %"  smaller  than  the  nominal  diameter  of  the  rivet  and 
then  be  reamed  to  a  diameter  He"  larger  than  the  nominal  diameter  of 
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the  rivet.  The  punch  and  die  shall  have  the  same  relative  sizes  as  spec 
for  full-size  punched  holes.  Burrs  produced  by  reaming  shall  be  remc 
with  a  tool  producing  a  H  e"  fillet  around  the  edge  of  the  hole. 

82.10.  Reaming  of  rivet  holes  shall  be  done  with  twist  drills  or  with  s 
taper  reamers.      Reamers  preferably  shall  not  be  directed  by  hand, 
oil  or  grease  shall  be  used  as  a  lubricant. 

82.11.  Accuracy  of  Reamed  and  Drilled  Holes. — Reamed  or  drilled  I 
shall  be  cylindrical  and  perpendicular  to  the  member  and  their  accuracy  j 
be  the  same  as  specified  for  punched  holes  except  that  after  reaming  or  dri' 
85  of  any  group  of  100  contiguous  holes  in  the  same  surface,  or  in  like  pro 
tion  for  any  group  of  holes,  shall  not  show  an  offset  greater  than  M2"  betv 
adjacent  thicknesses  of  metal. 

82.12.  Drifting  of  Holes. — The  drifting  done  during  assembling  shal 
only  such  as  to  bring  the  parts  into  position  and  not  sufficient  to  enlarge 
holes  or  distort  the  metal. 

82.13.  General  Reaming. — General  reaming  may  be  required,  in  w 
case  a  definite  provision  to  this  effect  shall  be  included  elsewhere  in 
contract. 

82.14.  When  general  reaming  is  required,  all  rivet  holes  in  main  mem 
shall  be  subpunched  and  reamed  or  drilled  from  the  solid.  This  requirer 
shall  not  apply  to  rivet  holes  in  top  and  bottom  chord  lateral  meml 
lateral  hangers,  truss  and  girder  sway  bracings,  and  to  the  lateral  pi; 
connection  angles,  etc.,  connecting  these  members  to  the  main  mer 
of  the  structure.  Connection  plates  or  other  parts  acting  both  as  1 
member  material  and  secondary  (lateral  sway  bracing,  etc.)  member  mat 
shall  generally  have  subpunched  and  reamed  holes  in  locations  enga 
similar  holes  in  main  members. 

82.15.  Reaming  shall  be  done  after  the  pieces  forming  a  built  mer 
are  assembled  and  firmly  bolted  together.  No  interchange  of  reamed  r. 
will  be  permitted. 

82.16.  Field  Connections. — When  general  reaming  is  required,  or  in  pun 
work  when  specifically  required  by  the  engineer,  holes  for  field  connect 
except  those  in  lateral,  longitudinal  and  sway  bracing,  shall  be  reame 
drilled.  Riveted  trusses  shall  be  assembled  in  the  shop;  the  parts  adjv. 
to  line  and  fit,  and  the  holes  for  field  connections  reamed  or  drilled  ^ 
so  assembled.  Holes  for  other  field  connections  shall  be  reamed  or  di 
with  the  connecting  parts  assembled,  or  else  reamed  or  drilled  to  a  n 
template  not  less  than  \"  thick. 

82.17.  Shop  Assembling. — All  surfaces  of  metal  to  be  in  contact  v 
assembled  shall  be  carefully  painted  with  one  coat  of  the  paint  specifiei 
the  shop  coat.      The  paint  shall  be  applied  upon  surfaces  free  from 
loose  mill  scale,  or  other  foreign  matter  and  the  parts  shall  be  assem 
while  the  paint  is  plastic. 

82.18.  The  component  parts  of  a  built  member  shall  be  assembled, 
pinned  to  prevent  lateral  movement,  and  firmly  bolted  to  draw  the  { 
into  close  contact  before  reaming,  drilling,  or  riveting  is  begun.     Assem  | 
parts  shall  be  taken  apart,  if  necessary,  for  the  removal  of  burrs  and  sha%  | 
produced  by  the  reaming  operation. 

82.19.  The  member  shall  be  free  from  twists,  bends,  or  other  deformat  I 

82.20.  Preparatory  to  shop  riveting  full-size  punched  material,  the :  | 
holes  shall  be  cleared  for  the  admission  of  the  rivets  by  reaming. 

82.21.  End   connection    angles,    stiffener   angles,    etc.    shall   be   care: 
adjusted  to  correct  locations  and  rigidly  bolted,  clamped  or  otherwise 
held  in  place  until  riveted. 

82.22.  Match  Marking. — Connecting  parts  assembled  in  the  shop  foil 
purpose  of  reaming  or  drilling  holes  in  field  connections  shall  be  match  mar  I 
and  a  diagram  shov/ing  such  marks  shall  be  furnished  to  the  engineer. 

82.23.  Rivets. — The  diameter  of  rivets  indicated  upon  the  plans  sha 
understood  to  mean  their  diameter  before  heating. 

82.24.  Heads  of  driven  rivets  shall  be  of  approved  shape,  concentric  J 
the  shanks,  true  to  size,  full,  neatly  formed,  free  from  fins,  and  in  full  con  J 
with  the  surface  of  the  member. 

82.25.  Field  Rivets. — Field  rivets,  for  each  size  and  length,  shal 
supplied  in  excess  of  the  actual  number  to  be  driven  to  provide  for  lc 
due  to  misuse,  improper  driving,  or  other  contingencies.  Rivets  shal 
free  from  furnace  scale  on  their  shanks,  and  from  fins  on  the  under  sic 
the  machine-formed  heads. 

82.26.  Bolts  and  Bolted  Connections. — Bolted  connections  shall  no 
used  unless  specifically  authorized.     Where  bolted  connections  are  permit 
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bolts  furnished  shall  be  unfinished  bolts  (ordinary  rough  or  machine 
s),  or  turned  bolts,  as  specified  or  directed  by  the  engineer. 
2.27.  Unfinished  Bolts. — Unfinished  bolts  shall  be  standard  bolts  with 
igonal  heads  and  nuts.  The  use  of  "button-head"  bolts  will  not  be 
nitted.  Bolts  transmitting  shear  shall  be  threaded  to  such  a  length 
;  not  more  than  one  thread  will  be  within  the  grip  of  the  metal.  The 
s  will  be  of  lengths  which  will  extend  entirely  through  their  nuts  but  not 
e  than  Vi"  beyond.  The  diameter  of  the  bolt  holes  shall  be  Me" 
iter  than  the  diameter  of  the  bolts  used. 

28.  Turned  Bolts. — Holes  for  turned  bolts  shall  be  carefully  reamed 
rilled  and  the  bolts  turned  to  a  driving  fit  by  being  given  a  finishing  cut. 

threads  shall  be  entirely  outside  of  the  holes  and  the  heads  and  nuts 
1  be  hexagonal.  Approved  nut  locks  shall  be  used  on  all  bolts  unless  per- 
son to  the  contrary  is  secured  fom  the  engineer.  When  nut  locks  are  not 
1,  round  washers  having  a  thickness  of  J-s"  shall  be  placed  under  the  nuts. 

2.29.  Riveting. — Rivets  shall  be  heated  uniformly  to  a  light  cherry  red 
r  and  shall  be  driven  while  hot.  The  heating  of  the  points  of  rivets 
e   than   the   remainder   will  not  be  permitted.     When  ready  for  driving, 

shall  be  free  from  slag,  scale,  and  other  adhering  matter,  and  when 
en,  they  shall  completely  fill  the  holes.  Burned,  burred,  or  otherwise 
ctive  rivets,  or  rivets  which  throw  off  sparks  when  taken  from  the 
ace  or  forge,  shall  not  be  driven. 

8.30.  Loose,  burned,  badly  formed  or  otherwise  defective  rivets  shall  be 
out.  Calking  and  recupping  of  rivets  heads  will  not  be  allowed.  In 
ing  out  defective  rivets,  care  shall  be  taken  not  to  injure  the  adjacent 
al,  and  if  necessary,  the  rivet  shank  shall  be  removed  by  drilling. 

8.31.  Countersinking  shall  be  neatly  done  and  countersunk  rivets  shall 
pletely  fill  the  holes. 

B.32.  Shop  rivets  shall  be  driven  by  direct-acting  riveters  where  practicable, 
riveting  machine  shall  retain  the  pressure  for  a  short  time  after  the 
tting  is  complete. 

8.33.  Pneumatic  hammers  shall  be  used  for  field  riveting  except  when  the 
of  other  hand  tools  for  riveting  is  permitted  by  the  engineer. 

8.34.  Edge  Planing.— Sheared  edges  of  material  more  than  ^g"  in  thick- 
shall,  when  required  by  the  engineer,  be  planed  to  a  depth  of  not  less 

Y%" .     Reentrant  cuts  shall  be  filleted  before  cutting. 

8.35.  Planing  of  Bearing  Surfaces. — Ends  of  columns  taking  bearing 
q  base  and  cap  plates  shall  be  milled  to  true  surfaces  and  correct  bevels 
r  the  main  section  of  these  members  and  the  end  connection  angles 
5  been  fully  riveted. 

8.36.  Caps  and  base  plates  of  columns  and  the  sole  plates  of  girders  and 
ses  shall  have  full  contact  when  assembled.  The  plates,  if  warped  or 
rmed,  shall  be  hot-straightened,  planed,  and  otherwise  treated  to 
re  an  accurate,  uniform  contact.  After  being  riveted  in  place,  the 
ss  metal  of  countersunk  rivet  heads  shall  be  chipped  smoothand  flush 

the  surrounding  metal  and  the  surfaces  which  are  to  come  in  contact 
other  metal  surfaces  shall  be  planed  or  milled,  if  necessary,  to  secure 

)er   contact.      Correspondingly,    the    surfaces    of    base    and_  sole    plates 

;h  are  to  come  in  contact  with  masonry  shall  be  rough  finished,  if  not 

from  warps  or  other  deformations. 

£.37.  Surfaces  of  cast  pedestals  and  shoes  which  are  to  come  in  contact 
metal  surfaces  shall  be  planed  and  those  which  are  to  take  bearing  upon 

masonry  shall  be  rough  finished. 

38.  In  planing  the  surfaces  of  expansion  bearings,  the  cut  of  the  tool 
I  be  in  the  direction  of  expansion. 

39.  Surfaces  of  bronze  bearing  plates  intended  for  sliding  contact  shall 
arefully  milled  and  polish  finished. 

40.  Abutting  Joints. — Abutting  ends  of  compression  members  shall, 
r  being  riveted,  be  accurately  faced  to  secure  an  even  bearing  when 
mbled  in  the  structure. 

41.  Ends  of  tension  members  at  splices  shall  be  rough  finished  to  secure 
i  and  neat  but  not  contact-fitting  joints. 

1.42.  End  Connection  Angles. — End  connection  angles  of  floor  beams 
stringers  shall  be  flush  with  each  other  and  accurately  set  as  to  position 
length   of   member.     In   general,   end   connection   angles  shall   not   be 

hed  unless  required  by  the  terms  of  the  contract.  However,  faulty 
mbling  and  riveting  may  be  cause  for  requiring  them  to  be  milled,  in 

h  case  their  thickness  shall  be  reduced  not  to  exceed  K  §"  nor  shall  their 

;-bearing  value  be  reduced  below  design  requirements. 
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82.43.  Built  Members. — The  several  pieces  forming  one  built  merr 
shall  be  straight  and  close  fitting.  Such  members  shall  be  true  to  deta 
dimensions  and  free  from  twists,  bends,  open  joints,  or  other  defects  resur  I 
from  faulty  fabrication  and  workmanship. 

82.44.  Lacing  Bars. — The  ends  of  lacing  bars  shall  be  neatly  roun 
unless  otherwise  indicated. 

82.45.  Web  Plates. — Web  plates  of  girders  having  no  cover  plates  ma]  j 
detailed  with  the  top  edge  of  the  web  flush  with  the  backs  of  the  fla 
angles.     Any  portion  of  the  plate  projecting  beyond  the  angles  shall  I 
chipped  flush  with  the  backs  of  the  angles.      Web  plates  of  girders  hat  I* 
cover  plates  may  be  ££"  less  in  width  than  the  distance  back  to  bacl 
flange  angles. 

82.46.  When  web  plates  are  spliced  not  more  than  %"  clearance  betw 
ends  of  plates  will  be  allowed. 

82.47.  Web  Stiffeners. — End  stiffener  angles  of  girders  and  stiffener  an 
intended  as  supports  for  concentrated  loads  shall  be  milled  or  grounc 
secure  a  uniform  even  bearing  against  the  flange  angles.  Intermed 
stiffener  angles  shall  fit  sufficiently  tight  to  exclude  water  after  being  pain 

82.48.  Web  Splices  and  Fillers. — Web  splice  plates  and  fillers  ui 
stiffeners  shall  fit  within  H"  at  each  end. 

82.49.  Eyebars. — Eyebars  shall  be  straight  and  true  to  size,  and  shal 
free  from  twists,  folds  in  the  neck  or  head,  or  any  other  defect  affecting  t 
service  strength.  Heads  shall  be  made  by  upsetting,  rolling,  or  forg 
Welds  in  the  body  portions  or  in  the  heads  of  bars  will  not  be  permit 
The  form  of  the  heads  may  be  determined  by  the  dies  in  use  at  the  W( 
where  the  eyebars  are  to  be  made,  if  satisfactory  to  the  engineer, 
thickness  of  head  and  neck  shall  not  overrun  more  than  He" 

82.50.  Boring. — Before  boring,  each  eyebar  shall  be  properly  anne: 
and  carefully  straightened.  Pin  holes  shall  be  located  on  the  center 
of  the  bar  and  in  the  centers  of  the  heads.  The  holes  in  the  ends  of  the  I 
shall  be  bored  simultaneously  and  shall  be  so  accurately  located  that  w 
the  bars  of  the  same  truss  panels  are  placed  in  a  pile,  the  pins  may  be  c. 
pletely  inserted  in  the  pin  holes  without  driving.  All  eyebars  intended 
the  same  location  in  the  trusses  shall  be  interchangeable. 

82.51.  Annealing. — All  eyebars  shall  be  annealed  by  heating  unifor 
to  the  proper  temperature  followed  by  slow  and  uniform  cooling  in 
furnace.     The  temperature  of  the  bars  shall  be  under  full  control  at  all  sta  I 

82.52.  Forged  pins  and  other  steel  parts  requiring  their  full  strei 
which  have  been  partially  heated  shall  be  subsequently  annealed.  SI 
bends  in  pieces  of  secondary  importance  may  be  made  without  heating 
metal.      Crimped  web  stiffeners  need  not  be  annealed. 

82.53.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turne< 
detailed  dimensions  and  shall  be  smooth,  straight,  and  free  from  flaws, 
final  surface  shall  be  produced  by  a  finishing  cut. 

82.54.  Forged  Pins. — Pins  having  a  diameter  greater  than  6"  shal 
forged  and  annealed. 

82.55.  Border  Pins. — Pins  larger  than  8"  in  diameter  shall  have  a 
not  less  than   2"  in   diameter  bored  longitudinally  through  their  cent 
Pins  showing  defective  interior  conditions  shall  be  rejected. 

82.56.  Boring  Pin  Holes. — Pin  holes  shall  be  bored  true  to  detailed  din 
6ions,  smooth,  and  straight;  at  right  angles  with  the  axis  of  the  men  I 
and  parallel  with  each  other  unless  otherwise  required.     A  finishing 
shall  always  be  made. 

82.57.  The  length  outside  to  outside  of  holes  in  tension  members  and  in:  1 
to  inside  of  holes  in  compression   members  shall  not  vary  from   deta 
dimensions  more  than  \W '.      Boring  of  holes  in  built-up  members  shall 
done  after  the  riveting  is  completed. 

82.58.  Pin  Clearances. — The  difference  in  diameter  between  the  pin. 
the  pin  hole  shall  be  not  more  than  \W. 

82.59.  Welds. — Welding  of  steel  shall  not  be  permitted  except  to  rem 
minor  defects,  and  then  only  with  the  approval  of  the  engineer. 

82.60.  Screw  Threads. — Screw  threads  shall  make  close  fits  in  the  t 
and  shall  be  U.  S.  Standard  except  that  for  diameters  greater  than  q 
they  shall  be  made  with  six  threads  to  the  inch. 

82.61.  Pilot  and  Driving  Nuts. — Two  pilot  nuts  and  two  driving  e 
shall  be  furnished  for  each  size  of  pin,  unless  otherwise  specified. 

Mill  And  Shop  Inspection 

82.62.  Notice    of   Rolling   and    Fabrication. — The    contractor   shall 
ample  notice  to  the  engineer  of  the  beginning  of  work  at  the  mill  and  sh  1 
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hat  inspection  may  be  provided.  No  material  shall  be  rolled  or  fabri- 
:d  before  the  engineer  has  been  notified  where  the  orders  have  been  placed. 

2.63.  Facilities  for  Inspection. — The  contractor  shall  furnish  all  facilities 
the  inspection  of  material  and  workmanship  in  the  mill  and  shop  and 
>ectors  shall  be  allowed  free  access  to  the  necessary  parts  of  the  premises. 

2.64.  Inspector's  Authority. — The  inspector  shall  have  the  power  to 
ct  materials  or  workmanship  which  do  not  fulfil  the  requirements  of 
e  specifications;  but  in  cases  of  dispute  the  contractor  may  appeal  to 
engineer,  whose  decision  shall  be  finaL 

2.65.  Inspection  at  the  mill  and  shop  is  intended  as  a  means  of  facilitat- 
the  work  and  avoiding  errors,  and  it  is  expressly  understood  that  it  will 
relieve  the  contractor  from  any  responsibility  in  regard  to  imperfect 
erial  or  workmanship  and  the  necessity  for  replacing  same. 

2.66.  Mill  Orders  and  Shipping  Statements. — The  contractor  shall 
lish  the  engineer  with  as  many  copies  of  mill  orders  and  shipping  state- 
its  as  the  engineer  may  direct.      The  weights  of  the  individual  members 

I  be  shown. 

2.67.  Cost  of  Testing. — Unless  otherwise  provided,  the  contractor  shall 
ish,  without  charge,  test  specimens  as  specified  herein,  and  all  labor, 
ing  machines,  and  tools  necessary  to  prepare  the  specimens  and  to  make 
full-sized  tests. 

8.68.  Rejections. — The  acceptance  of  any  material  or  finished  members 
;he  inspector  shall  not  be  a  bar  to  their  subsequent  rejection,  if  found 
ctive.  Rejected  material  and  workmanship  shall  be  replaced  promptly 
nade  good  by  the  contractor. 

2.69.  Marking  and  Shipping. — Members  weighing  more  than  3  tons  shall 
e  the  weight  marked  thereon.  Bolts  and  rivets  of  one  length  and  diame- 
and  loose  nuts  or  washers  of  each  size  shall  be  packed  separately.      Pins, 

II  parts,  and  small  packages  of  bolts,  rivets,  washers,  and  nuts  shall  be 
ped  in  boxes,  crates,  kegs,  or  barrels,  but  the  gross  weight  of  any  package 
1  not  exceed  300  lb.  A  list  and  description  of  the  contained  material 
1  be  plainly  marked  on  the  outside  of  each  shipping  container. 

.70.  The  weight  of  all  tools  and  erection  material  shall  be  kept  separate. 
.71.  Anchor  bolts,  washers,  and  other  anchorage  or  grillage  materials 
1  be  shipped  to  suit  the  requirements  of  the  masonry  construction. 

1.72.  Loading  and  Unloading. — The  loading,  transportation,  unloading, 
piling  of  structural  material  shall  be  so  conducted  that  the  metal  will  be 

clean  and  free  from  injury  by  rough  handling. 

Erection 

1.73.  Field  Inspection. — All  work  of  erection  shall  be  subject  to  the 
ection  of  the  engineer  who  shall  be  given  all  facilities  required  for  a 
•ough  inspection  of  workmanship. 

2.74.  Material  and  workmanship  not  previously  inspected  will  be 
>ected  after  its  delivery  to  the  site  of  the  work. 

2.75.  Storage. — All  material  shall  be  stored  in  such  manner  as  to  prevent 
jrioration  by  rust  or  loss  of  minor  parts.  No  material  shall  be  piled  so 
o  rest  upon  the  ground  or  in  water,  but  must  be  placed  on  suitable  skids 
latforms. 

2.76.  Preparation  of  Bearing  Area. — Column  bases,  truss  and  girder 
estals,  and  shoes  shall  have  a  full  and  uniform  bearing  upon  the  sub- 
cture  masonry.  Masonry  bearing  plates  shall  not  be  placed  upon  the 
ge-seat   areas  of  piers  or  abutments  which  are  improperly  formed  or 

gular. 
.77.  The  shoes  and  pedestals  of  truss  and  girder  spans,  the  bases  of 
tmns,  and  the  center  and  end  bearings  of  swing  spans  shall  be  rigidly  and 
nanently  located  to  correct  alignments  and  elevations.  Unless  otherwise 
vided,  they  shall  be  placed  on  a  layer  of  canvas  and  red  lead  applied  as 
)ws: 

2.78.  Thoroughly   swab  the  top  surfce  of  the  bridge-seat  bearing  area 
red  lead  paint  and  place  upon  it  three  layers  of  12-  to  14-oz.  duck,  each 

sr  being  thoroughly  swabbed  on  its  top  surface  with  red -lead  paint.  Place 
superstructure  shoes  or  pedestals  in  position  while  the  paint  is  plastic. 

2.79.  Handling  Members. — The  field  assembling  of  the  component 
ts  of  a  structure  shall  involve  the  use  of  methods  and  appliances  not  likely 
Sroduce  injury  by  twisting,  bending,  or  otherwise  deforming  the  metal. 

member  slightly  bent  or  twisted  shall  be  put  in  place  until  its  defects 
corrected,  and  members  seriously  damaged  in  handling  shall  be  rejected. 

2.80.  Alignment. — Before  beginning  the  field  riveting,  the  structure  shall 
djusted  to  correct  grade  and  alignment  and  the  elevation  of  panel  points 
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(ends  of  floor  beams)  properly  regulated.  For  truss  spans  a  slight  ea 
camber  will  be  permitted  while  the  bottom  chords  are  being  riveted,  but 
correct  camber  and  relative  elevations  of  panel  points  shall  be  secured  be 
riveting  the  top  chord  joints,  top  lateral  system  and  sway  bra  ing. 

82.81.  Straightening  Bent  Materials. — The  straightening  of  bent  edg« 
plates,  angles,  and  other  shapes  shall  be  done  by  methods  not  likel; 
produce  fracture  or  other  injury.  The  metal  shall  not  be  heated  ui 
permitted  by  the  engineer,  in  which  case  the  heating  shall  not  be  to  a  hi 
temperature  than  that  producing  a  dark  cherry-red  color.  After  heal 
the  metal  shall  be  cooled  as  slowly  as  possible. 

82.82.  Following  the  completion  of  the  straightening  of  a  bend  or  but 
the  surface  of  the  metal  shall  be  carefully  inspected  for  evidence  of  inch; 
or  other  fractures. 

82.83.  Assembling  and  Riveting. — All  field  connections  and  splices  sha 
securely  drift  pinned  and  bolted  before  riveting.  Important  connect 
in  trusses,  girders,  floor  system,  etc.  shall  have  at  least  50  %  of  the  1 
filled.  An  ample  number  of  drift  pins  shall  be  used  to  prevent  slippin 
joints  and  splices. 

82.84.  The  results  obtained  in  the  field  assembling  and  riveting  of 
members  of  a  structure  shall  conform  to  the  requirements  for  shop  assemt 
and  riveting.  Field-driven  rivets  shall  be  inspected  and  accepted  be 
being  painted. 

82.85.  Field  riveting  shall  be  done  before  the  falsework  is  removed  ui 
special  permission  to  the  contrary  is  given  by  the  engineer. 

82.86.  Railings  shall  not  be  riveted  until  the  falsework  has  been  remo 

82.87.  Adjustment  of  Pin  Nuts. — All  nuts  on  pins  shall  be  thorou 
tightened  and  the  pins  so  located  in  the  holes  that  the  members  shall  take 
and  even  bearing  upon  them. 

82.88.  Setting  Anchor  Bolts. — Anchor-bolt  holes  shall  be  drilled  in  co: 
locations  perpendicularly  to  the  plane  of  the  bridge  seat,  and  the  anchor  1 
shall  be  set  in  Portland-cement  mortar  therein.  The  mortar  shall  consi 
one  part  cement  to  one  part  clean,  fine-grained  sand  mixed  sufficiently  W' 
flow  freely. 

82.89.  Anchor  bolts  shall  first  be  dropped  into  dry  holes  to  assure  ' 
proper  fit  after  setting.  They  shall  then  be  set  as  follows:  Fill  the 
about  two-thirds  full  of  mortar  and  by  a  uniform,  even  pressure  or  by 
blows  with  a  hammer  (flogging  and  ramming  will  not  be  permitted) ,  fore 
bolt  down  until  the  mortar  rises  to  the  top  of  the  hole  and  the  anchor 
nut  rests  firmly  against  the  metal  shoe  or  pedestal.  Remove  all  e: 
mortar  which  may  have  flushed  out  of  the  hole  to  permit  proper  field  pair 
of  the  metal  surfaces. 

82.90.  The  location  of  the  anchor  bolts  in  relation  to  the  slotted  hoi 
expansion  shoes  shall  be  varied  with  the  prevailing  temperature.  The 
on  anchor  bolts  at  the  expansion  end  of  spans  shall  permit  the  free  movei 
of  the  span. 

82.91.  The  holes  may  be  drilled  in  accordance  with  the  provisions  oJ 
above-mentioned  article  or,  if  in  concrete  masonry,  may  be  formed  bj 
insertion  in  the  fresh  concrete  of  oiled  wooden  plugs  or  metal  pipe  sle 
which  are  subsequently  withdrawn  after  the  concrete  has  partially  set.  V 
the  holes  are  formed  by  the  latter  method,  they  shall  be  not  less  thai 
in  diameter  to  allow  for  horizontal  adjustment  of  the  bolts. 

82.92.  In  lieu  of  the  above  methods  of  placing,  anchor  bolts  in  cone 
masonry  may  be  set  to  exact  location  in  the  concrete  when  it  is  placed, 
this  case  great  care  shall  be  exercised  to  insure  the  proper  setting  of  the  b 
and  any  inaccuracies  which  will  be  detrimental  to  the  structures  shal 
corrected  by  suitable  means. 

82.93.  Setting  Bedplates. — ^Bedplates  preferably  shall  be  set  on  a  lay; 
canvas  and  red  lead  as  specified  in  these  specifications.  When  bedpi 
are  set  in  Portland-cement  mortar,  no  superstructure  or  other  load  sha 
placed  thereon  until  this  mortar  has  been  allowed  to  set  for  a  period  c 
least  96  hr. 

82.94.  Placing  Superstructure. — No  superstructure  load  shall  be  pi; 
upon  finished  piers  or  abutments  until  the  engineer  directs.  In  genei 
minimum  time  of  2 1  days  shall  be  allowed  for  the  hardening  of  the  cone 
before  any  superstructure  load  is  placed  thereon. 

82.95.  Tubular  Steel  Piers. — The  general  requirements  governing 
depths  of  foundations  as  above  set  forth  shall  govern  in  the  case  of  tut 
steel  piers  except  that  steel  tubes  resting  upon  gravel  foundation  witl 
piling  shall  in  no  case  be  carried  to  a  depth  less  than  8'  below  the  permai 
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f  the  stream  and  to  such  additional  depth  as  may  be  necessary  to  elimi- 
all  danger  of  undermining. 

96.  Tubular  piers  shall,  in  general,  be  sunk  by  the  open-dredging  process, 
means  of  compressed  air.  The  cross-sectional  ares  of  each  tube  shall 
fficient  to  provide  the  requisite  bearing  area  and  to  provide  spacing 
for  the  requisite  number  of  piles,  in  case  piles  are  used.  After  the  tubes 
ink  to  the  desired  elevation,  the  bottom  shall  be  sealed  by  means  of  cop- 
deposited  under  water.     After  the  seal  has  set  sufficiently  to  permit, 

ubes  shall  be  unwatered  and  the  rest  of  the  concrete  deposited  in  the 
If  the  seal  is  to  act  in  flexure  against  the  hydrostatic  head,  the  tubes 
be  weighed  sufficiently  to  develop  the  necessary  downward  reaction 

;ufficient  shear  anchorage  provided  around  the  interior  circumference  of 

ube  to  transfer  this  weight  into  the  seal  concrete. 

97.  Metal  tubes  shall  be  painted  two  coats  of  an  approved  structural 
before  being  sunk,  and  the  exposed  portions  shall  be  given  an  additional 

after  erection. 

98.  Piles  used  in  connection  with  tubular  steel  piers  shall  be  driven 
tubes  are  sunk  unless  otherwise  permitted  by  the  engineer.      When 

n  after  the  tubes  are  in  place,  the  piles  may  be  driven  by  means  of  a 
ver,  provided  that  one  pile  out  of  every  group  of  ten  or  one  for  every 
shall  be  a  long  pile  driven  without  a  follower,  such  pile  to  be  used  as  a 
oile  to  determine  the  necessary  length  for  the  rest  of  the  group.  After 
ong  pile  is  driven  to  the  required  penetration  as  determined  by  the 
ng  power  formula,  it  shall  be  cut  off  to  the  required  elevation. 
09.  If  desired  (and  under  written  permission  from  the  engineer) ,  tubular 
piers  may  be  sunk  in  large  holes  which  previously  have  been  dredged 
le  purpose.  In  this  case,  piles  may  be  driven  in  the  dredged  hole  before 
ubes  are  placed,  cut  off  to  the  desired  elevation,  bound  in  cluster  form 
ired,  and  the  tubes  placed  over  them.  If  this  procedure  is  followed,  the 
rated  hole  around  the  piers  shall  be  carefully  backfilled. 

100.  Filling  material  for  tubular  piers  shall  be  either  Class  A  or  Class 
icrete  as  specified,  except  the  bottom  seal  which  shall  be  as  specified  for 
■ete  deposited  under  water. 

Painting — Materials  and  Composition 

101.  a.  Paints  shall  consist  of  pigments  of  the  required  fineness  and 
osition,  ground  to  the  desired  consistency  in  raw  or  boiled  linseed  oil, 

hich  shall  be  added  additional  oil,  and  a  thinner,  or  drier,  or  both, 
igments,  oils,  thinners,  and  driers  used  shall  be  of  the  best  quality,  free 
adulterants  of  any  kind,  and  shall  comply  with  the  requirements  given 
v  for  these  materials. 

,102.  b.  All  paint  paste  shall  consist  of  the  specified  pigment  or  pig- 
s  ground  in  linseed  oil  to  the  required  consistency.^  The  paste  must  be 
epared  that  it  is  uniform  in  composition  and  consistency,  will  not  cake 
gregate  in  the  retainers,  and  will  easily  break  up  in  oil  to  form  a  smooth, 
rm  paint  of  proper  brushing  consistency.  The  color,  hiding  power,  and 
it  per  gallon  when  specified  shall  be  the  same  or  equal  to  the  approved 
»le. 

.103.  c.  To  prepare  a  paint  so  that  it  will  have  the  required  consistency 
dryine;  properties  for  the  use  intended,  the  paste  shall  be  mixed  with 
ient  linseed  oil,  turpentine,  and  drier  to  produce  a  paint  having  these 
irties.  Unless  otherwise  specified,  the  exact  quantity  of  linseed  oil, 
ntine,  and  drier  required  for  this  purpose  shall  be  determined  by  the 
eer. 

104.  d.  Raw  linseed  oil  used  shall  conform  to  the  requirements  of  the 
T.  M.  Standard  Specifications  for  Purity  of  Raw  Linseed  Oil  from  North 
rican  Seed  Di-15,  with  subsequent  amendments  and  additions  thereto. 
.105.  The  boiled  linseed  oil  used  shall  conform  to  the  requirements  of 
\.S.T.M.  Standard  Specifications  for  Purity  of  Boiled  Linseed  Oil 
North  American  Seed,  Dn-15,  with  subsequent  amendments  and 
tions  thereto. 

106.  Furthermore,  if  permitted,  raw  and  boiled  linseed  oil  of  South 
rican  seed  shall  meet  the  requirements  of  tentative  specifications  of 
[\M.  DN-21T  and  D-78-21T. 

107.  e.  Drier  shall  be  composed  of  turpentine,  lead,  and  manganese 
s  cooked  in  linseed  oil.  The  proportion  of  lead  shall  be  not  less  than 
:  times  that  of  manganese.  It  shall  contain  no  resin  or  varnish  gums, 
not  more  than  70  %  shall  volatilize  at  450T.     When  flowed  on  metal 
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and  allowed  to  dry,  it  shall  produce  an  elastic  film.  The  flash  point 
not  be  lower  than  95 °F.  when  tested  in  an  open  cup-tester.  When  a  m: 
of  10  %  of  drier  with  90  %  pure  raw  linseed  oil  is  flowed  on  a  glass  slab, 
is  then  held  nearly  vertical,  and  is  kept  at  a  temperature  of  70 °F.,  wit 
access  of  air,  the  coating  shall  dry  throughout,  neither  sticky  nor  b 
in  not  over  10  hr. 

82.108.  /.  Turpentine  shall  be  the  distillate  commonly  known  as 
turpentine,"  or  "spirits  turpentine,"  which  is  distilled  from  pine  oleo 
or  the  product  secured  from  resinous  wood  by  extraction  with  v( 
solvents-,  by  steam  or  by  destructive  distillation.  Either  or  both  of 
two  products — gum  spirits  or  wood  turpentine — shall  be  furnished  fc 
when  so  specified. 

82.109.  The  turpentine  shall  be  clear  and  free  from  suspended  matte 
water. 

The  color  shall  be  "Standard"  or  better. 

The  specific  gravity  shall  be  not  less  than  0.862  nor  more  than  o.l 
I5.5°C. 

The  refractive  index  at  is.s°C.  shall  be  not  less  than  1.468  nor  more 
1.478.  _ 

The  initial  boiling  point  shall  be  not  less  than  150  nor  more  than  1 

Ninety  per  cent  of  the  turpentine  shall  distill  below  i7o°C. 

The  polymerization  residue  shall  not  exceed  2  %,  and  its  refractive 
at  I5.5°C.  shall  be  not  less  than  1.500. 

82.110.  g.  Pure  White  Lead.  Dry  Pigment. — The  pigment  shall 
pure  basic  carbonate  of  lead  of  the  formula  2PbC03PbOH»,  containi 
to  75  %  of  lead  carbonate,  and  shall  conform  to  the  requirements  of  ten 
specifications  A.S.T.M.  D81-21T  and  subsequent  revisions,  and  not 
than  2  %  of  total  impurities,  including  moisture.  It  shall  be  ground  t( 
fineness  that  it  will  all  pass  a  200-mesh  sieve  and  contain  not  more  tha 
material  retained  on  a  325-mesh  sieve. 

82.1 1 1.  Paste. — The  paste  shall  be  the  dry  pigment  ground  in  pur' 
linseed  oil  in  the  manner  specified  above.     It  shall  consist  of: 

Percentages 

Minimum  Maximum 

Pigment 90  92 

Linseed  oil 8  10 

Moisture  and  other  volatile  matter.  .  .  0.7 
Coarse  particles   and   "skins"    (total 
residue    retained    on    a    200-mesh 

sieve,  based  on  pigment) 2.0 

82.112.  Ready-mixed  Paint. — The  ready-mixed  paint  shall  be  pre 
from  the  paste  in  the  manner  specified  above. 

82.113.  h.  Pure  Zinc-oxide  Paint.  Dry  Pigment. — The  dry  pU 
shall  consist  of  pure  oxide  of  zinc  which  shall  contain  not  less  than  c 
zinc  oxide,  nor  more  than  two-tenths  of  1%  of  sulphur  or  2%  of  total  ir 
ties  including  moisture.  The  pigment  shall  be  so  ground  that  it  will  al 
a  200-mesh  sieve. 

82.114.  Paste. — The  paste  shall  be  the  dry  pigment  ground  in  oil  as 
specified.     It  shall  consist  of: 

Percentages 

Minimum  Maximum 

Pigment 82  86 

Linseed 14  J8 

Coarse    particles    and     "skins"     (total 
residue    left    on    a    200-mesh    sieve, 

based  on  pigment) 0.5 

Moisture  and  other  volatile  matter o .5 

82.115.  Ready-mixed  Paint. — The  ready-mixed  paint  shall  be  pre 
from  the  paste  in  the  manner  specified  above,  in  accordance  with  ten1 
specifications  of  A.S.T.M.  79-2 iS. 

82.116.  i.  Red  Lead.  Dry  Pigment. — The  dry  pigment  shall  o 
entirely  of  the  oxides  of  lead  which  shall  conform  to  the  requiremer 
A.S.T.M.  Specifications  D-83-21T  95%  grade. 

82.117.  Paste. — The  paste  shall  be  the  pigment  ground  in  oil  as  i 
specified.     It  shall  consist  of: 


BRIDGES  1 541 

Percentages 

Minimum  Maximum 

Pigment 92  95  or  more 

Linseed  oil 6  8 

Moisture  and  other  volatile  matter 0.5 

Coarse    particles    and    "skins"     (total 

residue  left  on  a  200-mesh  sieve) 0.5 

118.  Ready-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared 
1  the  paste  in  the  manner  specified  above. 

s.i  19.   The  resulting  paint,  when  mixed  in  the  proportions  given  below 
brushed  on  a  smooth  vertical  metal  surface,  shall  dry  hard  and  elastic 
out  running,  streaking  or  sagging. 
.120.  For  Shop  Coat. 

Red-lead  paste 20      lb. 

Raw  linseed  oil 4%  pints  (0=43  lb.) 

Turpentine 2    gills  (  7.3  oz.) 

Liquid  drier 2    gills  (12.0  oz.) 

.121.   The  formula  given  above  will  produce  1  gal.  of  paint  and  should 

h  25  lb.  and  10  oz. 

.122.  j.  Leaded  Zinc  Oxide.  Dry  Pigment. — The  dry  pigment  shall 
pure  zinc  oxide  and  a  normal  or  basic  lead  sulphate.  The  pigment 
be  so  ground  that  it  will  all  pass  a  200-mesh  sieve  and  the  zinc  oxide 

.  not  contain  more  than  1  %  of  soluble  salts  nor  more  than  1.5%  of  total 

irities  including  moisture. 

123.  This  type  of  paint  shall  be  divided  into  two  brands,  "high  leaded" 
"low  leaded."  The  high-leaded  paint  shall  contain  not  less  than  60% 
nc  oxide  and  the  low-leaded  paint  not  less  than  93%  of  zinc  oxide,  the 
lining  pigment  in  each  case  to  be  a  normal  or  basic  lead  sulphate. 

124.  Paste. — The  paste  shall  be  the  dry  pigment  ground  in  oil  as  above 
fied.     It  shall  consist  of: 

Percentages 
Minimum      Maximum 

igment 88.0 

linseed  oil 12.0 

Moisture  and  other  volatile  matter 0.5 

hoarse  particles  and  "skins"  (total  residue  left 
on  a  200-mesh  sieve,  based  on  pigment) 0.5 

.125.  Ready-mixed  Paint. — The  ready-mixed  paint  shall  be  prepared 

the  paste  in  the  manner  specified  above. 
.126.  k.  Sublimed    Blue    Lead. — The    sublimed    blue    lead    pigment 

consist  of  sublimed  blue  lead  fume,  free  from  all  adulterants  and  shall 

the  following  requirements: 

% 

Lead  sulphate  (PbSO) 45-55 

Lead  oxide  (PbO) 30-40 

Lead  sulphide  (PbS) Not  over  12 

Lead  sulphite  (PbSOs) Not  over    5 

Zinc  oxide  (ZnO) Not  over    5 

Carbon  and  undetermined Not  over    5 

127.  Sublimed  blue  lead  paint  shall  consist  of  either: 

Sublimed  blue  lead  in  oil  paste  (90%  sublimed  blue  lead  ground  in  10% 
inseed  oil)  mixed  as  follows: 

100  lb.  sublimed  blue  lead  in  oil  paste  \ 

i  S!'tP4ee„rttaelinSeed  °"  *»  «*«  <»«• 

2  pt.  drier  J 

128.  2.  A  ready-mixed  paint  made  by  grinding  pure  dry  sublimed 
lead  in  pure  raw  linseed  oil  in  the  following  proportions: 

90  lb.  dry  sublimed  blue  lead  ] 
2    pt.  drier  J 
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82.129.  I-  Graphite.  Dry  Pigment. — The  dry  pigment  shall  be  a  ; 
amorphous  and  silicate  rock  to  which  may  be  added  a  small  percentaj 
carbon  black,  iron  oxide,  or  other  oxides  needed  to  secure  a  desired  tir 
color.  The  pigment  shah  be  so  ground  that  it  will  all  pass  a  200-mesh  si 
and  contain  not  more  than  3  %  of  material  retained  on  a  325-mesh  si 
The  prepared  pigment  must  contain  not  less  than  35  %  nor  more  than  . 
of  graphite  in  the  form  of  graphitic  carbon. 

82.130.  Paste. — The  paste  shall  be  the  pigment  ground  in  oil  as  ai 
specified.     It  shall  consist  of: 

Percentages 

Minimum  Maxii 

Pigment 62  6 

Linseed  oil 34  3 

Moisture  and  other  volatile  matter 8 

Coarse  particles  and  "skins"  (total  per  cent  on  a 
325-mesh  sieve,  based  on  the  pigment) 3 

82.131.  Ready-mixed  Paint. — The  ready-mixed  paint  shall  be  prer, 
from  the  paste  in  the  manner  above. 

82.132.  The  resulting  paint  when  mixed  in  the  proportions  given  b< 
and  brushed  on  a  smooth  vertical  metal  surface  shall  dry  hard  and  el 
without  running,  streaking,  or  sagging.      It  shall  consist  of: 

Percentages 
Minimum        Maxi 

Pigment 30  3 

Boiled  linseed  oil 65  7 

Drier 5 

Turpentine     and     volatile     matter 3 

82.133.  All  paints  or  paint  materials  shall  be  shipped  in  strong,  substa 
containers,  plainly  marked  with  the  name,  color,  and  weight  of  paint  con 
and  name  and  address  of  the  manufacturer. 

82.134.  n.  Manufacturer's  Guarantee. — The  manufacturer  of  each  1 
of  paint  submitted  for  acceptance  under  these  specifications  shall  file 
the    commission    a    certificate    of   analysis   and    manufacturer's   guara  - 
setting  forth  the  trade  name  or  brand  cf  paint  to  be  furnished  together  ? 
facsimile    copy   thereof   and   a   typical  analysis  showing  the  percenta 
each  of  the  chemical  elements  in  the  pigment  vehicle.     The  manufact 
shall  provide  that  all  paint  furnished  under  these  specifications  shall  cor  I 
to  the  certified  analysis  as  filed  and  to  the  statement  of  the  various  per  I 
ages  of  the  ingredients  on  the  receptacle  or  container.     The  manufacti 
guarantee  shall  be  of  the  form  furnished  by  the  purchaser,  and  shall  be  s 
to  by  a  person  having  legal  authority  to  bind  the  company  by  his  acts. 

82.135.  o.  Sampling  and   Testing.— Samples   when  required  for  te 
purposes  shall  not  be  less  than  1  qt.  in  amount.     The  paint  shall  be 
oughly  stirred  before  selecting  the  sample. 

82.136.  In  testing  paint  used  under  these  specifications,  the  followin; 

1.  Per  cent  of  water  in  paint  vehicle.  Determination  of  water  with 
reagent. 

2.  Raw  linseed  oil.  Methods  of  testing  prescribed  in  A.S.T.M.  Star 
Specification  for  Purity  of  Raw  Linseed  Oil  from  North  American  Seed  D 
and  for  South  American  Seed  A.S.T.M.  D-77-21T  D7S-21T. 

3.  Boiled  linseed  oil.  Methods  of  testing  prescribed  in  A.S. 
Standard  Specification  for  Purity  of  Boiled  Linseed  Oil  from  North  Ame 
Seed  D-n-15,.  and  for  South  American  Seed  A.S.T.M.  D-77-21T  D7& 

4.  Determination  of  volatile  oils  in  vehicle.  Bureau  of  Standards  . 
Pub.  15,  p.  40. 

5.  Paint  vehicle.      Methods  in  Bureau  of  Standards,  Circular  89. 

6.  Red  lead.  A.S.T.M.  Standard  Methods  Routine  Analysis  Dry 
D-49-18. 

7.  White  lead.  A.S.T.M.  Standard  Methods  Routine  Analys. 
White  Pigments  D34-17. 

8.  Sublimed  blue  lead.  Shall  be  made  in  accordance  with  methi 
analysis  of  paint  materials,  subcommittee  viii,  A.S.T.M.,  Vol.  22,  P? 
and  subsequent  revisions  thereto  adopted  by  the  society. 

9.  Zinc  oxide.  A.S.T.M.  Standard  Method  of  Routine  Analy: 
White  Pigments  D34-17. 
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Graphite  pigment.  Methods  of  tests  prescribed  in  Bulletin  12 16 
.  Dept.  of  Agr.). 

137.  p.  No  sieve  is  to  be  used  in  the  determination  of  the  fineness  of  the 
ents  for  these  paints  which  on  examination  under  a  150  magnification 
n  a  microscope  shows  any  irregularity  of  wire  spacings  in  the  mesh  or 
s  any  noticeable  amount  of  wear  on  the  sides  of  the  wires. 

138.  Standard  325-mesh  Sieve. — The  325-mesh  sieve  referred  to  in  this 
fication  is  a  woven  rectangular-mesh  wire  sieve  having  not  less  than  322 
lore  than  327  meshes  per  linear  inch  in  either  direction.  The  nominal 
>f  opening  shall  be  0.0017"  square  and  the  size  of  wire  shall  be  0.0014'' 
imeter. 

139.  q.  Inspection. — The  contractor  for  these  paints  shall  allow  the 
inspector  free  access  to  all  parts  of  his  shops  while  work  on  these  paints 
ng  carried  out;  also  the  contractor  shall  give  the  inspector  every  reason- 
facility  to  enable  him  to  insure  that  these  paints  are  being  made  in 
dance  with  this  specification. 

140.  r.  Samples. — Before  work  is  commenced  on  the  manufacture  of 
paints,  the  contractor  shall  furnish  the  state  inspector  with  separate 

les  of  all  pigments  and  vehicles  to  be  used  in  such  paints;  each  such 
le  to  be  clearly  labeled  and  marked  to  show  the  name  of  the  material 
he  name  and  number  of  the  paint  in  which  it  is  to  bemused.  When  so 
sted,  samples  and  analyses  of  all  pigments,  oils,  thinners,  or  driers 
or  paints  furnished  shall  be  supplied  by  the  manufacturer  within  10 
after  request  is  made  therefor.  Before  paint  is  shipped,  the  inspector 
take  individual  samples  from  one  barrel  in  each  five  for  each  kind  of 
Tests  may  be  made  on  individual  samples  or  on  one  composite 
le  for  each  25  barrels  of  paint. 

141.  5.  Paints  which  on  analysis  show  more  than  a  3%  variation  in  the 
•rtion  of  any  pigments  or  vehicle  from  that  called  for  will  be  rejected. 

Painting — Application 

142.  a.  The  painting  of  metal  structures  shall  include,  unless  otherwise 
ded  in  the  contract,  the  proper  preparation  of  the  metal  surfaces,  the 
nation,  protecting,  and  drying  of  the  paint  coatings,  the  protection  of 
trian,    vehicular,    or    other    traffic    upon    or    underneath    the    bridge 

ure,  the  protection  of  all  positions  of  the  structure  (superstructure  and 
ructure)   against  disfiguremen     by  spatters,  splashes  and  smirches  of 

or  of  paint  materials,  and  the  supplying  of  all  tools,  tackle,  scaffolding, 

workmanship,  and  materials  necessary  for  the  entire  work. 

143.  b.  Number  of  Coats. — All  new  structural-steel  work  shall,  unless 
(vise  especially  provided  upon  the  plans  or  in  the  contract,  be  painted 

coats  of  paint.  The  first  coat  is  to  be  applied  immediately  after  the 
fabrication  is  complete  except  that  all  surfaces  coming  into  contact 
)  be  painted  before  being  assembled.  The  second  and  third  coats  are 
applied  after  all  erection  is  complete,  except  that  immediately  following 

Id  riveting  of  the  members,  the  heads  of  field  rivets,  and  all  abrasions 

shop  coat  due  to  handling  at  the  shop,  shipment,  erection,  etc.,  and  all 

:rection  marks  shall  be  thoroughly  covered  with  one  coat  of  shop  paint 
ermitted  to  become  thoroughly  dry  before  the  first  field  coat  is  applied. 

144.  c.  The  color  of  each  succeeding  coat  shall  be  sufficiently  different 
ihat  previously  applied  to  permit  readily  the  discovery  of  an  incomplete 
ation  of  the  paint  coat.  The  colors  of  the  coats  shall  be  determined 
3  engineer. 

[45.  d.  Weather  Conditions. — Paint  shall  be  applied  only  when  the 
mperature  is  at  or  above  40 °F.  It  shall  not  be  applied  upon  damp 
es  or  upon  metal  containing  frost,  nor  shall  it  be  applied  when  the 
misty,  or  otherwise,  in  the  opinion  of  the  engineer,  unsatisfactory 
e  work. 

46.  Material  painted  under  cover  in  damp  or  cold  weather  shall 
a  under  cover  until  dry  or  until  weather  conditions  permit  its  exposure 

open.      Painting  in  open  yards  or  upon  erected  structures  shall  not 
ne  when  the  metal  has  absorbed  sufficient  heat  to  cause  the  paint  to 
and  produce  a  porous  paint  film. 

47.  e.  Application. — No  wide  brushes  shall  be  used.  All  brushes  shall 
il  in  shape. 

48.  The  paint  when  applied  shall  be  so  manipulated  under  the  brush 
produce  a  uniform,  even  coating  in  close  contact  with  the  metal  or 
previously  applied  paint.  In  general,  the  primary  movement  of  the 
shall  describe  a  series  of  small  circles  thoroughly  to  fill  all  irregularities 
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in  the  surface,  after  which  the  coating  shall  be  smoothed  and  thinned 
series  of  parallel  strokes. 

82.149.  To  secure  a  maximum  thickness  of  paint  film  upon  rivet  h 
ed^es  of  plates,  angles,  or  other  rolled  shapes,  these  areas  shall  be  "stri 
in  advance  of  the  general  painting,  and  shortly  afterward  shall  be  gv 
second  or  "wash"  coat  when  the  general  coat  is  applied.  The  paint 
be  well  worked  into  all  joints  and  open  spaces. 

82.150.  Paint  shall  be  thoroughly  stirred,  preferably  by  means  of  mec 
cal  mixers,  before  being  removed  from  the  containers,  and  to  keep  th< 
ments  in  suspension  shall  be  kept  stirred  while  being  applied. 

82.151.  All  painting  must  be  done  in  a  neat  and  workmanlike  ma 
On  all  surfaces  which  are  inaccessible  for  paint  brushes,  the  paint  sh; 
applied  with  sheep-skin  daubers  specially  constructed  for  the  purpose 

82.152.  /.  Removal  of  Improper  Paint. — All  metal  coated  with  impt 
unauthorized  paint  shall  be  thoroughly  cleaned  and  repainted  to  the 
faction  of  the  engineer,  at  the  expense  of  the  contractor. 

82.153.  i-  Thinning. — If  it  is  necessary  in  cool  weather  to  thin  the 
in  order  that  it  shall  spread  more  freely,  this  shall  be  done  only  by  ht 
in  hot  water  or  on  steam  radiators. 

82.154.  h.  Shop  Cleaning. — All  surfaces  of  metal  to  be  painted  sh; 
thoroughly  cleaned  from  rust,  loose  mill  scale,  dirt,  oil  or  grease,  ai 
other  foreign  substances.  The  removal  of  rust,  scale,  and  dirt  shall  gen 
be  done  by  the  use  of  sand  blast,  metal  brushes,  scrapers,  chisels,  ham 
or  other  effective  means.  Oil  and  grease  may  be  removed  by  the  1 
gasoline  or  benzine.  Bristle  or  wood  fiber  brushes  shall  be  used  for  rem 
loose  dust. 

82.155.  i.  Shop  Painting. — In  shop-riveted  work,  all  surfaces  cc 
into  contact  when  shop  assembled  shall  each  be  painted  a  good  shoj 
thoroughly  and  evenly  applied  before  assembling.  These  pieces  m; 
assembled  while  the  paint  is  still  wet. 

82.156.  When  all  fabrication  work  is  complete  and  has  been  accepl 
such,  all  surfaces  not  painted  before  assembling  shall  be  painted  a  good 
coat.  Shipping  pieces  shall  not  be  loaded  for  shipment  until  thoro 
dry.      No  painting  shall  be  done  after  loading  material  on  cars. 

82.157.  j.  Erection  marks  for  the  field  identification  of  members  sb 
painted  upon  previously  painted  surfaces. 

82.158.  k.  With  the  exception  of  abutting  chord  and  column  s:| 
column  and  truss  shoe  bases,  machine-finished  surfaces  shall  be  coa: 
soon  as  practicable  after  being  accepted,  with  a  hot  mixture  of  whit 
and  tallow  before  removed  from  the  shop.  Surfaces  of  iron  and 
castings  milled  for  the  purpose  of  removing  scales,  scabs,  fins,  bliste 
other  surface  deformations  shall  generally  be  given  the  shop  coat  of  pa 

82.159.  The  composition  used  for  coating  machine-finished  surfaces 
be  mixed  in  the  following  proportions: 

4  lb.  pure  tallow. 

2  lb.  pure  white  lead. 

1  qt.  pure  linseed  oil. 

82.160.  I.  Field  Cleaning. — When  the  erection  work  is  complete,  incl  j 
all  riveting,  straightening  of  bent  metal,  etc.,  all  adhering  rust,  scale 
grease,  or  other  foreign  matter  shall  be  removed  as  specified  under 
cleaning. 

82.161.  m.  Field  Painting. — As  soon  as  the  field  cleaning  is  done 
satisfaction  of  the  engineer,  the  heads  of  field  rivets  and  any  surfaces 
which  the  shop  coat  of  paint  has  become  worn  off  or  has  otherwise  b 
defective  and  all  shipping  and  erection  marks  shall  be  thoroughly  cc 
with  one  coat  of  the  same  paint  as  used  in  the  shop  and  permitted  to  b< 
thoroughly  dry  before  the  first  field  coat*  is  applied. 

82.162.  When  the  paint  applied  for  "touching up"  rivet  heads  and  ab 
surfaces  has  become  thoroughly  dry,  the  first  and  second  field  coats  ir 
applied.      In  no  case  shall  a  succeeding  coat  be  applied  until  the  pn  I 
coat  has  dried  throughout  the  full  thickness  of  the  paint  film. 

82.163.  All  small  cracks  and  cavities  which  have  not  become  seale 
water-tight  manner  by  the  first  field  coat  shall  be  filled  with  a  pasty  m 
of  red  lead  and  linseed  oil  before  the  second  field  coat  is  applied. 

82.164.  n.  Scope  of  Work. — Unless  otherwise  provided,  mainte 
painting  shall  consist  of  the  removal  of  the  rust,  scale,  dead  paint 
grease,  or  other  foreign  matter  from  the  metal  parts  or  portions  cf  ex 
bridge  structures  and  the  application  of  paint  thereon. 
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165.  All  metal  surfaces  not  in  close  contact  with  other  metal  surfaces 
th  wooden  floor  or  truss  members,  concrete,  stone  masonry,  etc.  shall 
nsidered  as  exposed  to  deterioration  by  rusting  and  shall  be  thoroughly 
ed  and  painted  the  number  of  coats  indicated  in  and  made  a  part  of  the 
act. 

166.  o.  Number   of   Coats. — Unless   otherwise   provided,    metal   after 
cleaned  to  the  satisfaction  of  the  engineer,  shall  be  painted  with  at 

two  coats  of  paint. 

[67.  p.  Cleaning  and  Painting. — The  requirements  and  methods  of 
dure  for  maintenance,  cleaning,  and  painting  shall  be  the  same  as 
ied  for  shop  and  field  painting. 

68.  Whenever  roadway  or  sidewalk  planking  is  laid  too  closely  in 
ct  with  the  metal  to  permit  free  access  for  proper  cleaning  and  painting, 
[anks  shall  either  be  removed  or  shall  be  cut  to  provide  at  least  a  1" 
nee  for  that  purpose.  The  removal  or  the  cutting  of  planks  shall  be 
is  directed  by  the  engineer.  All  planks  removed  shall  be  satisfactorily 
ed  and  if  broken  or  otherwise  injured  to  an  extent  rendering  them  unfit 
e,  they  shall  be  renewed  at  the  expense  of  the  contractor. 

Design  Details 

69.  In  general,  plans  for  steel  bridges  will  not  be  approved  except  for 
ures  spanning  navigable  channels,  and  for  locations  where  the  cost  of 
te  structures  would  be  prohibitive. 

[70.  Drawings. — The  state  highway  engineer  will  furnish  designs, 
ag  details  preferred  with  usual  conditions. 

71.  Alternate  Designs. — Bidders  may  submit  alternate  designs  when 
ble  to  the  state  highway  engineer,  and  when  so  provided  for  in  the 

to  contractors.  Alternate  designs  shall  have  as  great  strength  and 
.1  merits  as  the  designs  furnished  by  the  state  highway  engineer, 
rs  submitting  alternate  designs  shall  furnish  stress  sheets  and  general 
which  shall  show  all  dimensions  and  sectional  area. 

72.  Size  of  Drawings. — All  drawings  shall  be  22  by  36"  over  all,  with 
gin  of  2"  on  the  left-hand  edge  and  ^2"  margins  on  the  other  edges. 

73.  Approval  of  Drawings. — Upon  the  acceptance  and  execution  of 
ntract,  the  contractor  shall  prepare  and  furnish  standard-size  working 
igs  showing  complete  details  of  all  parts  of  the  structure.  Blueprints, 
jlicate,  of  these  drawings  shall  be  submitted  to  the  state  highway 
ser  for  his  approval  before  any  material  is  ordered  or  work  begun  in 
op.     All  details  shall  be  subject  to  his  modifications  or  approval. 

74.  The  contractor  alone  shall  be  responsible  for  the  correctness  of 
awing,  although  the  drawing  may  have  been  approved  by  the  engineer. 

75.  Prints  for  the  State  Highway  Department. — After  drawings  have 
ipproved,  the  contractor  shall  furnish  the  state  highway  department, 
at  cost,  five  complete  sets  of  prints  and  four  sets  of  all  shipping  bills. 

76.  Name  Plates. — When  specified  one  or  more  cast-iron  name  plates 
approved  design,  giving  the  date  of  construction,  the  names  of  the 
lighway  engineer,  state  bridge  engineer,  consulting  bridge  engineer, 
r  engineer,  county  commissioners  court,  and  the  contractor  for  the 
tructure,  shall  be  securely  bolted  to  the  superstructure  at  the  point 
ats  specified. 

77.  Width  of  Roadway  and  Sidewalk. — The  width  of  roadway  shall 
clear  width  measured  at  right  angles  to  the  longitudinal  center  line 
bridge  between  the  tops  of  curbs  or  guard  timbers,  if  these  exist; 

rise,  it  shall  be  the  clear  width  inside  to  inside  of  the  handrails  or  other 
ike  protections  paralleling  the  sides  of  the  structure. 

78.  Upon  structures  having  a  sidewalk,  the  clear  width  of  sidewalk 
>e  measured  at  right  angles  to  the  curb  or  guard  timber  and  from  the 
lereof  to  the  extreme  inside  portion  of  the  handrail.     For  structures 

trusses,  girders,  or  parapet  walls  adjacent  to  the  curbs,  the  width  of 
Ik  shall  be  measured  from  their  extreme  outside  portions  to  the  inside 
handrail. 

79.  Curbs. — The  width  of  curbs  shall  be  not  less  than  6"  and  pref- 
shall  be  not  less  than  9".     Their  heights  shall  be  not  less  than  9". 

80.  Clearances. — The  clearance  width  shall  be  the  clear  width  avail- 
md  the  clearance  height  shall  be  the  clear  height  available  for  the 
e  of  vehicular  traffic  as  shown  on  the  clearance  diagrams. 

81.  Unless  otherwise  provided,  the  several  parts  of  the  structure  shall 
structed  to  secure  the  following  limiting  dimensions  or  clearances  for 
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82.182.  Bridges  constructed  for  the  use  of  one-way  highway  traffic 
have  a  roadway  clearance  not  less  than  that  shown  in  the  diagram,  r 
The  roadway  clearance  for  the  use  of  two-way  traffic  shall  be  not  less 
that  shown  in  Fig.  2.  The  roadway  width  shall  be  increased  at  let 
for  each  additional  line  of  traffic. 
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Clearance  diagrams. 


82.183.  Bridges  constructed  for  the  combined  use  of  highway  and  elt 
railway  traffic  shall  have  roadway  clearances  not  less  than  those  sho 
Figs.  3  and  4. 

82.184.  In  all  cases  involving  curved  tracks,  the  lateral  clearances 
be  increased  an  amount  corresponding  to  that  required  to  maintai 
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Clearance  diagrams. 

standard  clearances.     "When  the  outer  rail  is  superelevated,  the  cleai 
shall  be  correspondingly  increased.  . 

82.185.  Spacing  of  Trusses  and  Girders. — Main  trusses  and  girden 
be  spaced  a  sufficient  distance  apart  center  to  center  to  be  secure  a 
overturning  by  the  assumed  lateral  and  other  forces. 

82.186.  Types  of  Bridges.— The  type  of  bridge  to  be  used  for  v 
span  lengths  may  be  as  follows: 

Rolled  beams  up  to  40'. 

Plate  girders  from  30  to  100'. 

Low  riveted  trusses  from  45  to  100  . 

Riveted  trusses  from  90  to  150'. 

Riveted  or  pin-connected  trusses  above  150  • 
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187.  b.  Loads. — Unless  otherwise  provided,  the  component  parts  of  a 
cture  shall  be  proportioned  for  the  stresses  produced  by  the  following 
s  with  the  assumed  load  distribution  herein  elsewhere  prescribed.     The 

ses  due  to  each  shall  be  shown  separately  upon  stress  sheets. 

.188.  Dead  Load. — The  dead  load  shall  consist  of  the  weight  of  the 
cture  complete,  including  the  weight  of  the  roadway  floor,  conduits, 
es,  or  other  public-utility  services  supported  thereon. 

.189.  The  following  weights  are  to  be  used  in  computing  the  dead  load: 


Substance 


Weight  per 
Cubic  Foot,  Pounds 


Steel 490 

Iron,  cast 450 

Bronze 524 

Timber  (treated  or  untreated) 60 

Concrete 144 

Loose  sand  and  earth 100 

Rammed  sand  or  gravel 120 

Macadam  or  gravel  rolled 140 

Cinder  filling 60 

Asphalt  wearing  surface 150 

Granite-block  paving 160 

Vitrified-brick  paving 150 

Granolithic  pavement 150 

190.  Live  Load. — The  integral  parts  of  bridge  floor  systems,  including 
direct  connections  to  trusses,  girders,  and  viaduct  towers  and  bents, 
be  designed  for  the  maximum  stresses  produced  by  truck  concentrations 
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TYP1CALTRUCK 
Fig.  5. — Typical  truck  loading. 

beams,  hangers,  and  all  integral  members  or  parts  of  trusses  and 
rs  subjected  to  the  direct  action  of  floor  loads  and  impacts  shall  cor- 
ndingly  be  designed  for  truck  concentrations.  The  truck  dimensions 
weight  distributions  used  for  design  purposes  shall  be  those  of  the 
al  or  standard  trucks  shown  in  Fig.  5.  These  standard  trucks  are 
nated  by  the  letter  H,  followed  by  a  numeral  indicating  for  each  class 
oss  or  total  weight  in  tons. 

191.  The  class  of  loading  used  shall  be  one  of  the  following: 

Loading  H15 15-ton  trucks. 

Loading  Hio 10-ton  trucks. 

e  Load  for  Trusses  and  Girders. — The  trusses  and  girders  of  bridge  spans 
ae  columns  of  viaduct  towers  and  bents  shall  be  designed  for  the  stresses 
ced  by  a  load  on  each  traffic  lane  composed  of  a  uniform  load  per 
foot  of  lane  with  a  concentrated  load  so  located  longitudinally  therein 
produce  maximum  stresses.     The  concentrated  load  shall  be  considered 
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as  uniformly  distributed  transversely  on  a  line  having  a  length  equal  to  t 
width  of  the  lane.  The  standard  truck  clearance  width  of  9'  shall  be  assum 
as  constituting  the  width  of  one  traffic  lane. 

82.192.  The  class  of  loading  used  shall  be  one  of  the  following: 

Loading  H15.      A  total  load  on  each  traffic  lane  composed  of  a  unifo: 

load  of  450  lb.  per  linear  foot  and  a  single  concentrat 

load  of  21,000  lb. 
Loading  Hio.     A  total  load  on  each  traffic  lane  composed  of  a  unifo: 

load  of  300  lb.  per  linear  foot  and  a  single  concentrat 

load  of  14,000  lb. 


1  9? 


h7'* 

i3. 


535 


.„'... 


*K7  *k 


II  «5 


Q~0 CTO 


7*<-—27 »<7* 


Km 


Fig.  6. — Electric  car  loading. 


82.193.  Load   Classification   of   Bridges.— Bridges   shall   be   classified 
rated  in  relation  to  their  capacities  for  safely  supporting  highway  loads, 
general,  the  division  into  classes  and  the  corresponding  loadings  shall 
as  follows: 

Class  A.   Bridges  supporting  normally  heavy  highway-traffic  units  v 

occasional   specially    heavy   loads.      Class    A    bridges  s 

be  designed  for  loading  Hi 5. 
Class  B.   Bridges   of   a   temporary   or   semitemporary   nature   support 

light    highway-traffic    units.     Class    B    bridges    shall 

designed  for  loading  Hio. 
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Fig.  7. — Freight  car  loading. 

82.194.  Application  of  Loads  to  Girders  and  Trusses. — Girders  and  trv 
shall  be  designed  to  support  as  many  traffic  lanes  as  the  width  of  road  ' 
will  permit,  assuming  them  to  be  placed  symmetrically  with  regard  to  j 
roadway  center  lines. 

82.195.  To  provide  for  an  increase  in  truss  and  girder  stresses  resul 
from  the  passage  of  eccentrically  placed  loads  and  for  a  decrease  in  trs  i 
lane  intensity  for  increasing  widths  of  roadway,  the  stresses  obtained  by 
application  of  the  above  loading  shall  be  multiplied  by  the  coefficiet  : 
given  by  the  following  formulas: 

Case    I.  When  W  is  less  than  18', 

W 

C  =  — 

9 

Case  II.  When  W  is  equal  to  or  greater  than  18', 

18  +  W 

°  =       i8» 

where  W  —  the  width  of  roadway  for* bridges  with  two  main  girder 
trusses;  or  the  distance  center  to  center  of  girders  or  tn 
for  bridges  with  more  than  two  main  girders  or  trusses. 
n  =■  number  of  lanes  of  traffic. 
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$2,196.  Application  of  Loads  to  Floor  System.— Bridge  floor  systems  shall 

■  designed  to  support  as  many  trucks,  not  exceeding  four,  as  the  width  of 
j.dway  will  permit. 

52.197.  When  the  design  of  the  floor  system  involves  the  placing  of  trucks 

■  acent  to  curbs,  the  extreme  position  of  a  truck  shall  be  assumed  as  that 
■which  the  center  of  the  outside  wheel  is  i'  6"  from  the  inside  edge  of  the 
cb. 

52.198.  Sidewalk  Loads. — All  sidewalk  stringers  and  brackets  shall  be 
■iigned  to  support  a  live  load  of  not  less  than  100  lb.  per  square  foot  of 
lewalk  area. 

52.199.  Girders  or  trusses  supporting  sidewalks  shall  be  designed  to 
"|>port  a  sidewalk  live  load  as  determined  by  the  following  formula,  provided 
|.t  in  no  case  shall  the  live  load  be  less  than  20  lb.  per  square  foot  of  sidewalk 

p  =  (80  -  0.125LM1  —  0.0251*0 

■  ere    P  =  live  load,  in  pounds  per  square  foot  of  sidewalk  area. 

L  =  loaded  length  of  sidewalk,  in  feet. 
W  =  clear  width  of  widewalk,  in  feet. 

I  impact  increment  shall  be  added  to  sidewalk  load. 

12.200.  In  general,  provision  shall  be  made  to  prevent  the  encroachment 

■  roadway  loads  upon  the  sidewalk  area.  Whenever  the  details  of  the 
■jcture  permit  such  encroachment,  the  sidewalks  shall  be  designed  for  the 
Ifdway  loads  and  impacts  so  involved. 

■  E2.20I.  All  live-load  stresses,  except  those  due  to  sidewalk  loads  and  cen- 
liugal  tractive  and  wind  forces,  shall  be  increased  by  an  allowance  for 
Inamic,  vibratory,  and  impact  effects. 

i2.202.  For  end  floorbeams,  floorbeam  hangers,  columns  supporting 
ftrbeam  concentrations  and  all  floorbeam  connections,  the  impact  allow- 
fte  shall  be  60  %  of  the  live-load  stress. 

012.203.  For  all  other  portions  of  structures,  the  impact  allowance  or 
■rement  is  expressed  as  a  coefficient  of  the  live-load  stress  varying  with  the 
Ijded  length  of  the  structure  and  the  width  of  the  roadway  area.  Its 
tensity  is  determined  by  the  following  formulas  in  which 

I  =  impact  coefficient. 

L  =  loaded  length  in  feet  producing  the  maximum  static  stress  in 
the  member  considered. 

W  =  the  width  of  roadway  for  bridges  with  two  main  girders  or 
trusses;  or  the  distance  center  to  center  of  girders  or  trusses 
for  bridges  with  more  than  two  main  girders  or  trusses. 

"or  electric  railway  loads: 

T         L  +  900 

I2L     +     I200 

2.204.  For  Highway  Loads. 

Vhen  W  is  equal  to  or  less  than  18'. 

L  -f  250 


10L  +  250 


/'hen  W  is  greater  than  18', 

_  36        ^     (L  +  250) 


X 


W  +  18       (10L  +  soo) 

2.205.  For  highway  loads,  the  maximum  value  of  I,  as  given  by  the  above 
nulas,  shall  not  exceed  0.30.     The  impact  allowance  for  intermediate 
fir  beams  and  stringers  shall  be  0.30. 

2.205a.  Wind  Load. — The  force  due  to  wind  and  lateral  vibrations  shall 
■taken  as  horizontal  and  shall  be  treated  as  a  uniformly  moving  load  acting 
0/  on  the  lateral  and  sway  bracing.  This  lateral  force  shall  be  taken 
a  jo  lb.  per  square  foot  on  one  and  one-half  times  the  side  area  of  all  trusses 
p  jirders  plus  the  area  of  the  railings  and  the  vertical  projection  of  the  floor. 
I  the  case  of  truss  spans  it  shall  be  considered  as  divided  between  the 
fried  and  the  unloaded  chords  in  the  proportion  of  two-thirds  to  the 
finer  and  one-third  to  the  latter.  In  addition  to  the  foregoing,  a  moving 
1(1  of  150  lb.  per  linear  foot  shall  be  considered  as  acting  in  the  plane  of  the 
fctlge  floor  on  highway  bridges  and  300  lb.  per  linear  foot  upon  bridges  for 
■lbined  highway  and  electric-railway  service.  However,  in  the  case  of 
{Pictures  having  a  reinforced-concrete  floor  slab  engaging  the  flanges  of  the 
fc:l  floor  members  this  additional  loaded  chord  load  need  not  be  considered. 
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82.206.  c.  Distribution  of  Truck  Wheel  Loads  to  Stringers  and  Floo 
beams. — In  calculating  end  shears  and  end  reactions  of  stringers  and  floe 
beams,  no  lateral  or  longitudinal  distribution  of  wheel  loads  shall  be  assume 

82.207.  Bending  Moments. — In  determining  bending  moments  in  stringe: 
each  wheel  load  shall  be  assumed  as  concentrated  at  a  point.  When  t 
floor  system  is  designed  for  one  truck,  each  interior  stringer  shall  be  pi 
portioned  to  support  that  part  of  one  rear  wheel  load,  or  those  parts  of  o 
front  wheel  load  and  one  rear  wheel  load,  represented  by  a  fraction  whe 
numerator  is  the  stringer  spacing  in  feet  and  whose  denominator  is: 

4'  o"  for  plank  floors. 

5'  o"  for  strip  floors  4"  or  more  in  thickness  and  for  wood  blocks  on  a 
plank  subfloor. 

6'  o"  for  reinforced-concrete  floors. 

82.208.  When  the  floor  system  is  designed  for  two  trucks,  each  inter: 
stringer  shall  be  proportioned  to  support  that  part  of  one  rear  wheel  lo£ 
or  these  parts  of  one  front  wheel  load  and  one  rear  wheel  load,  represent 
by  a  fraction  whose  numerator  is  the  stringer  spacing  in  feet  and  whe 
denominator  is: 

3'  6"  for  plank  floors. 

4'  o"  for  strip  floors  4"  or  more  in  thickness  and  for  wood  blocks  on 
plank  subfloor. 

4'  6"  for  reinforced-concrete  floors. 

82.209.  The  live  load  supported  by  the  outside  stringers  shall  be  1 
reaction  of  the  truck  wheels  in  the  most  unfavorable  position,  assuming  1 
flooring  to  act  as  a  simple  beam,  but  this  live  load  shall  in  no  case  be  1 
than  would  be  required^  for  interior  stringers  under  the  above  requiremer 

82.210.  The  above  distribution  rules  govern  only  when  the  stringer  sp 
ing  is  not  greater  than  the  denominator  which  applies  to  the  particular  c; 
under  consideration.  When  the  stringer  spacing  is  greater  than  this  c 
tance,  the  stringer  loads  shall  be  determined  by  the  reactions  of  the  tri 
wheels  placed  in  the  most  unfavorable  position,  assuming  the  flooring  betwi 
stringers  to  act  as  simple  beams. 

82.211.  The  combined  load  capacity  of  the  stringers  in  a  panel  shall  be  : 
less  than  the  total  live  and  dead  load  in  the  panel. 

82.212.  Bending  Moments  in  Floorbeams. — In  determining  bend 
moments  in  floorbeams,  each  wheel  load  shall  be  assumed  as  concentrated 
a  point. 

82.213.  When  stringers  are  omitted  and  the  floor  is  supported  directly 
the  floorbeams,  the  latter  shall  be  proportioned  to  carry  that  fraction  of  1 
axle  load,  when  the  floor  system  is  designed  for  one  truck,  or  of  two  e 
loads,  when  the  floor  system  is  designed  for  two  trucks,  whose  numera  j 
is  the  floorbeam  spacing  in  feet  and  whose  denominator  is: 

4'  o"  for  plank  floors. 
5'  0"  for  strip  floors  4"  or  more  in  thickness  and  for  wood  blocks  on  4"  pi;  I 
subfloor. 

6'  o"  for  reinforced-concrete  floors. 

82.214.  When  the  spacing  of  floorbeams  exceeds  the  denominator  gi" 
but  is  less  than  the  axle  spacing  (14'  o"),  each  beam  shall  be  proportioi 
to  carry  the  full  axle  load  or  loads. 

82.215.  When  the  floorbeam  spacing  exceeds  the  spacing  of  axles  the  li 
supported  on  each  floorbeam  shall  be  the  maximum  reaction  due  to  the  a 
loads,  assuming  the  flooring  between  floorbeams  to  act  as  a  simple  beam 

82.216.  d.  Unit  Stresses — Steel  Structures. — Unless  otherwise  provid 
the  several  parts  of  a  structure  shall  be  so  proportioned  that  the  unit  stres 
will  not  exceed  the  following,  except  as  provided  for  structural-steel  desi 
under  combined  stresses,  secondary  stresses  and  allowances  for  overlo 
Unless  otherwise  noted,  all  unit  stresses  are  given  in  pounds  per  square  ic 

82.217.  Structural  Grade  and  Rivet  Steel — Tensions. 

Axial  tension,  structural  members,  net  section 16, • 

Rivets  in  tension,  where  permitted.  .50%  of  single  shear  val 
Bolts,  area  at  root  of  thread 10,' 

82.218.  Structural  Grade  and  Rivet  Steel — Compression. 

Axial  compression,  gross  section 15,000-50 

but  not  to  exceed  13,500 

I  =  length  of  member,  in  inches 

r  =  least  radius  of  gyration,  in  inches. 

82.219.  Structural  Grade  and  Rivet  Steel — Bending  on  Extreme  Fiber 

Rolled  shapes,  built  sections  and  girders,  net  section.  .  .  .16, 
Pins 24, 
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2.220.  Structural  Grade  and  Rivet  Steel — Shear. 

Girder  webs,  gross  section 10,000 

Pins  and  shop-driven  rivets 12,000 

Power-driven  field  rivets  and  turned  bolts 10,000 

Hand-driven  rivets  and  unfinished  bolts 7, 500 

82.221.  Structural  Grade  and  Rivet  Steel — Bearings. 

Pins,  steel  parts  in  contact  and  shop-driven  rivets 24,000 

Power-driven  field  rivets  and  turned  bolts 20,000 

Hand-driven  rivets  and  unfinished  bolts 15,000 

Expansion  rollers,  pounds  per  linear  inch 6oo<2 

where  d  =  diameter  of  roller  in  inches. 

32.222.  Structural  Grade  and  Rivet  Steel — Countersunk  Rivets. 
In  metal  %"  thick  and  over,  half  the  depth  of  countersink 

shall  be  omitted  in  calculating  bearing  area. 

In  metal  less  than  %"  thick,  countersunk  rivets  shall  not  be 
assumed  to  carry  stress. 
$2,223.  Structural  Grade  and  Rivet  Steel — Diagonal  Tension. 

In  webs  of  girders  and  rolled  beams,  at  sections  where 
maximum  shear  and  bending  occur  simultaneously..  .  .16,000 

Wrought  iron — axial  tension 12,000 

Cast  steel — bending  on  extreme  fiber 12,000 

Cast  iron — bending  on  extreme  fiber 3,000 

Cast  steel — shear 10,000 

Cast  iron — shear 3,000 

Cast  steel — bearing 14,000 

Cast  iron — bearing 10,000 

Bronze  sliding  expansion  bearings 3,000 

Bearing  on  concrete  masonry  and  limestone  masonry  and 
better 500 

$2,224.  Dimensions    for    Stress    Calculation. — For    the    calculation    of 

sses,  effective  span  lengths  shall  be  assumed  as  follows: 

[Beams  and  girders,  distance  between  centers  of  bearings.      Trusses,  dis- 

l'ice  between  centers  of  end  pins  or  of  bearings.      Floor  beams,  distance 

p;ween  centers  of  trusses  or  girders.     Stringers,  distance  between  centers 

lfloorbeams. 

32.225.  For  the  calculation  of  stresses,  effective  depths  shall  be  assumed  as 
blows: 

"Riveted  trusses,  distance  between  centers  of  gravity  of  the  chords. 
■Pin-connected  trusses,  distance  between  centers  of  chord  pins. 
;  Plate  girders,  distance  between  centers  of  gravity  of  the  flanges  but  not  to 
|:eed  the  distance  back  to  back  of  flange  angles. 

^2.226.  Reversal  of  Stress. — Members  subject  to  reversal  of  stress  during 
J;  passage  of  live  load  shall  be  proportioned  as  follows:  Determine  the 
iisile  and  the  compressive  stresses  and  increase  each  by  50%  of  the  smaller; 
|sn  proportion  the  member  so  that  it  will  be  capable  of  resisting  each  in- 
^  ased  stress.  The  connections  shall  be  proportioned  for  the  sum  of  the 
»ginal  stresses. 
;?2.227.   No  pin-connected  member  shall  be  subjected  to  reversal  of  stress. 

$2,228.  When  the  live-load  and  dead-load  stresses  are  of  opposite  sign, 
fly  70%  of  the  dead-load  stress  shall  be  considered  as  effective  in  counter- 
lung  the  live-load  stress. 

$2,220.  Combined  Stresses. — Members  subject  to  both  axial  and  bending 
jesses  shall  be  proportioned  so  that  the  combined  fiber  stresses  will  not 
(oeed  the  allowable  axial  stress.  Members  continuous  over  panel  points 
■ill  be  proportioned  for  live-  and  dead-load  bending  moments  equivalent  to 
i)se  computed  for  a  simple  beam  having  a  span  equal  to  one  panel  length. 
;$2.230.  Stresses  Due  to  Lateral  and  Longitudinal  Forces  and  Temper - 
lire. — In  proportioning  the  various  parts  of  the  structure,  provision  shall  be 
:  de  for  the  following  stress  combinations: 

jroup  A — Dead  load;  live  load;  impact;  centrifugal  force. 

jroup  B — Lateral  force;  longitudinal  force;  temperature. 

$2,231.  Members  subject  to  the  stresses  of  Group  A  in  conbination  with 
ii  stresses  of  Group  B,  either  direct  or  flexural  or  both,  shall  be  designed 
i  any  of  the  following  combinations  at  unit  stresses  25%  greater  than  those 
Iscified,  but  the  resulting  sections  shall  be  not  less  than  would  be  required 
ihe  stresses  of  Group  A  were  considered  alone. 
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i.  The  combined  stresses  of  Group  B  in  combination  with  dead  load  or 

2.  The  combined  stresses  of  Group  A  in   combination  with  50%  of 
combined  stresses  of  Group  B. 

3.  The  combined  stresses  of  Group  A  in  combination  with  temperat 
only. 

82.232.  Secondary  Stresses. — Members  and  their  details  shall  be  prop 
tioned  to  reduce  secondary  stresses  to  a  minimum.  In  simple  trusses  withi 
subdivided  panels  the  secondary  stresses  due  to  deformation  in  any  mem 
whose  width  measured  in  the  place  of  flexure  is  less  than  one-tenth  of 
length  need  not  be  considered.  When  this  ratio  is  exceeded,  or  where  s- 
divided  panels  are  used,  the  secondary  stresses  shall  be  computed, 
members  designed  for  secondary  stresses  in  combination  with  other  stres 
the  specified  allowable  unit  stresses  may  be  increased  30%,  but  the  sectii 
shall  be  not  less  than  required  for  primary  stresses. 

82.233.  Allowance  for  Overload. — For  the  calculation  of  stress  reversal 
counterstresses,  the  specified  live  loads,  either  uniform  or  concentrated,  si 
be  increased  100  %  and  for  this  loading  condition  the  specified  unit  stres 
shall  be  increased  not  more  than  50  %.  The  resulting  sections  shall  be  : 
less  than  would  have  been  required  had  the  allowance  for  overload  not  b< 
considered. 

82.234.  Compression  Flanges  of  Beams  and  Girders. — The  gross  area 
the  compression  flanges  of  beams  and  plate  girders  shall  be  not  less  than 
gross  area  of  the  tension  flanges. 

82.235.  The  laterally  unsupported  length  of  the  compression  flanges 
beams  and  girders  shall  not  exceed  forty  times  the  flange  width.     When 
unsupported  length  of  flange  exceeds  twelve  times  the  flange  width,  the  cc 
pressive  stress  in  pounds  per  square  inch  shall  not  exceed: 

19,000  —  250,  (maximum  value,  16,000  lb.) 
0 
where 

L  =  length,  in  inches,  of  unsupported  flange,  between  lateral  connection: 
knee  braces. 

b  =  flange  width  in  inches. 

82.236.  Rolled  beams  shall  be  proportioned  by  the  moments  of  inertif 
their  sections.  Proper  allowances  shall  be  made  for  any  reduction  in  stren 
due  to  rivet  holes  in  the  tension  flange  or  to  any  reduction  in  allowable  sti 
due  to  the  length  of  unsupported  compression  flange. 

82.237.  Limiting  Lengths  of  Members. — The  ratio  of  unsupported  len 
to  the  least  radius  of  gyration  shall  not  exceed  120  for  main  compression 
stiffening  members  nor  140  for  laterals  and  sway  bracing.  In  proportion 
the  top  chords  of  low  trusses  the  unsupported  length  shall  be  assumed  as 
length  between  the  rigid  verticals. 

82.238.  For  main  riveted  tension  members  the  ratio  of  length  to  le 
radius  of  gyration  shall  not  exceed  200. 

82.239.  Effective  Bearing  Area. — The  effective  bearing  area  of  a  pin,  b 
or  rivet  shall  be  its  nominal  diameter  multiplied  by  the  thickness  of  the  m< 
on  which  it  bears. 

82.240.  Effective  Diameter  of  Rivets. — In  proportioning  rivets,  the  no  1: 
nal  diameter  of  the  rivet  shall  be  used. 

82.241.  Size  of  Rivets. — Rivets  shall  be  of  the  size  specified  but  genen! 
shall  be  Y±  or  %"  in  diameter;  %"  rivets  shall  not  be  used  in  members  cai  J 
ing  calculated  stress  except  in  2%"  legs  of  angles  and  in  flanges  of  6  and  V 
beams  and  channels. 

82.242.  The  diameter  of  rivets  in  angles  carrying  calculated  stress  si  J 
not  exceed  one-fourth  of  the  width  of  the  leg  in  which  they  are  driven.    I 
angles  whose  size  is  not  so  determined  %"  rivets  may  be  used  in  2"  legs,  ;i 
rivets  in  2%"  legs  and  J^"  rivets  in  3"  legs. 

82.243.  In  no  case,  except  in  handrails,  shall  structural  shapes  be  u  - 
which  do  not  admit  the  use  of  y%"  diameter  rivets. 

82.244.  Pitch  of  Rivets. — The  minimum  allowable  distance  betw<* 
centers  of  rivets  shall  be  three  times  the  diameter  of  the  rivet,  but  prefera  \ 
shall  be  not  less  than  the  following: 

For  %"  diameter  rivets z"    \ 

For  %"  diameter  rivets 2^',, 

For  W  diameter  rivets 2%' 

82.245.  The  maximum  allowable  pitch  in  the  line  of  stress  shall  not  exec 
6"  or  sixteen  times  the  thickness  of  the  thinnest  outside  plate  or  an 
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nnected,  except  in  angles  having  two  gage  lines  with  rivets  staggered  where 
e  pitch  in  each  line  may  be  twice  the  above  with  a  maximum  of  10". 

82.246.  In  webs  of  members  composed  of  two  or  more  plates  in  contact,  the 
/ets  shall  be  spaced  not  more  than  10"  between  centers  in  gage  and  pitch, 
ovided  such  rivets  serve  no  other  purpose  than  to  hold  the  plates  in  close 
ntact.  Tension  members  composed  of  two  angles  in  contact  shall  be 
tch  riveted,  using  a  pitch  not  greater  than  12". 

82.247.  Pitch  in  Ends  of  Compression  Members. — Panel  points  shall  be 
nsidered  as  ends  of  compression  members.  In  the  ends  of  built  com- 
ession  members  the  pitch  of  rivets  connecting  the  component  parts  of  the 

mber  shall  not  exceed  four  times  the  diameter  of  the  rivet  for  a  length 
ual  to  one  and  one-half  times  the  maximum  width  of  member.  Beyond 
is  point  the  rivet  pitch  shall  be  gradually  increased  for  a  length  equal  to 
e  and  one-half  times  the  maximum  width  of  the  member  until  the  maxi- 
ma spacing  is  reached.  In  angles  having  two  lines  of  staggered  rivets,  in 
e  leg,  the  pitch  on  each  line  may  be  twice  that  specified  above  but  not 
jater  than  that  allowed  for  the  body  of  the  member. 

82.248.  Edge  Distance  of  Rivets. — The  minimum  distance  from  the  center 
any  rivet  to  a  sheared  edge  shall  be: 

For  nA"  diameter  rivets iH" 

For  %"  diameter  rivets i>£" 

For  %"  diameter  rivets iM" 

$2,249.  The  minimum  distance  from  rolled  or  planned  edges,  except 
I  ages  of  beams  and  channels,  shall  be: 

For  nA"  diameter  rivets i}/L" 

For  %"  diameter  rivets iH" 

For  %"  diameter  rivets 1" 

JJ2.250.  The  maximum  distance  from  any  edge  shall  be  eight  times  the 
ckness  of  the  thinnest  outside  plate,  but  shall  not  exceed  5". 
1  $2,251.  Long  Rivets. — Long  rivets  subject  to  calculated  stress  and  having 
rip  in  excess  of  4H  diameters  shall  be  increased  at  least  1  %  for  each  addi- 
nal  Y\(,"  of  grip.  If  the  grip  exceeds  six  times  the  diameter  of  the  rivet, 
cially  designed  rivets  shall  be  used. 

{2.252.  Rivets  in  direct  tension  shall,  in  general,  not  be  used.  However, 
ere  so  used  their  value  shall  be  one-half  that  permitted  for  rivets  in  shear, 
untersunk  rivets  shall  not  be  used  in  tension. 

{2.253.  Depth  Ratios. — Trusses  preferably  shall  have  a  depth  not  less 
n  Ho  °f  the  span,  plate  girders  a  depth  not  less  than  M2  of  the  span,  and 
led  beams  a  depth  not  less  than  ^  0  of  the  span.  If  less  depths  than  these 
used,  the  sections  shall  be  increased  so  that  the  maximum  deflection  will 
be  greater  than  if  these  limiting  ratios  had  not  been  exceeded. 
12.254.  Parts  Accessible. — The  accessibility  of  all  parts  of  a  structure  for 
pection,  cleaning,  and  painting  shall  be  insured  by  the  proper  propor- 
aing  of  members  and  the  design  of  their  details. 

(2.255.  Open  Sections  and  Pockets. — Closed  sections  shall  in  general  be 
>ided.  Pockets  or  depressions  which  will  retain  water  shall  be  avoided 
"ar  as  possible  and  those  which  are  unavoidable  shall  be  provided  with 
ictive  drain  holes  or  shall  be  effectively  filled  with  waterproof  material. 
'2.256.  Details  shall  be  arranged  so  that  the  retention  of  dirt,  leaves,  or 
er  foreign  matter  will  be  reduced  to  a  minimum.  Wherever  angles  are 
d,  either  singly  or  in  pairs,  they  preferably  shall  be  placed  with  the  vertical, 
5  extending  downward. 

2.257.  Symmetrical  Sections. — Main  members  shall  be  proportioned  so 
t  their  neutral  axes  shall  be  as  nearly  as  practicable  in  the  center  of  the 
ion. 

2.258.  In  general,  the  gravity  axes  of  main  truss  and  other  important 
nbers,  meeting  to  form  a  joint,  shall  intersect  in  a  common  point  so  as  to 
id  eccentricity  of  stress.  In  cases  of  unavoidable  eccentricity  the  mem- 
Is  affected  thereby  shall  be  proportioned  and  the  connection  details 
Signed  to  resist  the  stresses  produced. 

I  2.259.  Effective  Area  of  Angles  in  Tension. — The  effective  area  of  single 
■  les  in  tension  shall  be  assumed  as  the  net  area  of  the  connected  leg  plus 
m'o  of  the  area  of  the  unconnected  leg. 

2.260.  The  effective  area  of  a  double-angle  tension  member  shall  be 
■Limed  as  80  %  of  the  net   area  of  the  member  unless  the  end  details  and 
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connections  are  such  that  the  individual  angles  are  held  against  bending 
both  directions,  in  which  case  the  full  net  area  may  be  used.  When  tl 
angles  connect  to  separate  gusset  plates,  as  in  the  case  of  a  double-webb< 
truss,  the  gusset  plates  shall  be  stiffened  by  diaphragms  in  the  line  of  tl 
connected  angles  or  by  tie  plates  extending  to  the  ends  of  the  angles  if  th( 
are  to  be  considered  as  offering  such  resistance  to  bending  that  the  full  n 
area  can  be  used.  When  the  angles  are  connected  back  to  back  on  the  opp 
site  sides  of  a  single  gusset  plate,  the  support  may  be  assumed  to  be  sufficie: 
to  allow  the  use  of  the  full  net  section. 

82.261.  Lug  angles  shall  not   be  considered  as  effective  in  transmittii , 
stress. 

82.262.  Strength  of  Connections. — Unless  otherwise  provided,  all  co 
nections  shall  be  proportioned  to  develop  not  less  than  the  full  strength 
the  members  connected. 

82.263.  No  connection,  except  for  lacing  bars  and  handrails,  shall  conta 
less  than  three  rivets. 

82.264.  Splices. — Continuous  compression  members  in  riveted  structun 
such  as  chords  and  trestle  posts,  shall  have  milled  ends  and  full  conta 
bearing  at  the  splices. 

82.265.  All  splices,  whether  in  tension  or  compression,  shall  be  propc 
tioned  to  develop  the  full  strength  of  the  members  spliced  and  no  allowan 
shall  be  made  for  milled  ends  of  compression  members. 

82.266.  Splices  shall  be  located  as  close  to  panel  points  as  possible  and, 
general,  shall  be  on  that  side  of  the  panel  point  which  is  subjected  to  t 
smaller  stress  and  outside  of  gusset  plates. 

82.267.  The  arrangement  of  the  plates,  angles  or  other  splice  elements  sh 
be  such  as  to  make  proper  provision  for  the  stresses  in  the  component  pa 
of  the  members  spliced. 

82.268.  Indirect  Splices. — In  all  splice  plates  not  in  direct  contact  with  t 
parts  they  connect,  the  number  of  rivets  on  each  side  of  the  joint  shall  be 
excess  of  the  number  which  would  otherwise  be  required  for  a  contact  spl 
to  the  extent  of  two  extra  transverse  lines  for  each  intervening  plate. 

82.269.  Fillers. — Where  indirect  splices  involve  rivets  carrying  stress  a 
passing  through  fillers,  the  fillers  shall  be  extended  beyond  the  splic: 
material  and  the  extension  secured  by  additional  rivets  sufficient  in  numl 
to  develop  the  section  of  the  filler. 

82.270.  When  the  filler  is  less  than  W  thick,  the  splicing  materials  si 
also  be  extended. 

82.271.  Gusset  Plates. — Gusset  or  connecting  plates  shall  be  used 
connecting  all  main  members,  except  in  pin-connected  structures.     In  p  1 
portioning  and  detailing  these  plates,  the  rivets  connecting  each  member  sr  9  e 
be  located,  as  nearly  as  practicable,  symmetrically  with  the  axis  of  1 
member.     However,  the  full  development  of  the  elements  of  the  meml 
shall  be  given  due  consideration.     The  gusset  plates  shall  be  of  ample  thi< 
ness  to  resist  shear,  direct  stress  and  flexure  acting  on  the  weakest  or  criti 
section  of  maximum  stress.     Reentrant  cuts  shall  be  avoided  as  far 
possible. 

82.272.  Minimum  Thickness  of  Metal. — The  minimum  thickness 
structural  steel  shall  be  5Ke"  except  for  fillers  and  railings.  However,  gus 
plates  shall  not  be  less  than  %  "  in  thickness. 

82.273.  Metal  subjected  to  marked  corrosive  influence  shall  be  increa; 
in  thickness. 

82.274.  Cast  steel  shall  not  be  less  than  1"  and  cast  iron  not  less  than  ij  " 
thick,  except  for  filler  blocks. 

82.275.  Compression  Members. — In  built  compression  members  1 
metal  shall  be  concentrated  as  much  as  possible  in  the  webs  and  flanges, 
that  the  center  of  gravity  of  the  section  may  be  near  the  center  line  of  ' 
member  as  practicable. 

82.276.  Plates  in  Compression. — Cover  plates  of  built  compression  me 
bers  and  cover  plates  on  the  compression  flanges  of  plate  girders  shall  hi 
a  minimum  thickness  of  one-fortieth,  and  the  web  plates  of  compress 
members  a  minimum  thickness  of  one-thirtieth,  of  the  transverse  distai 
between  the  lines  of  rivets  connecting  them  to  the  flanges.  However,  fail 
to  meet  this  requirementj  the  width  of  plate  between  the  connecting  lines 
rivets  in  excess  of  forty  times  the  thickness  for  cover  plates  and  thirty  tir 
the  thickness  for  web  plates,  shall  not  be  considered  as  effective  in  resist 
stress. 

82.277.  Outstanding     Flanges. — Outstanding     compression     flanges 
girders  and  main  compression  members  shall  have  a  minimum  thickness 
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ie-twelfth  of  the  width  of  outstanding  flange.  For  lateral  bracing  and  other 
condary  members  this  minimum  thickness  may  be  one-fourteenth  of  the 
idth  of  the  outstanding  flange. 

82.278.  Tie  Plates. — The  open  sides  of  compression  members  shall  be 
■ovided  with  lacing  bars  and  shall  have  tie  plates  as  near  each  end  as  prac- 
cable  and  at  intermediate  points  where  the  lacing  is  interrupted.  Com- 
■ession  members  composed  of  two  angles  and  cover  plates  shall  have,  on 
Leir  open  sides,  ties  composed  of  short  lengths  of  channel  section  with  the 
inges  riveted  to  the  vertical  legs  of  the  angles. 

82.279.  Tension  members  composed  of  shapes  shall  have  their  separate 
gments  connected  by  tie  plates  or  by  tie  plates  and  lacing  bars. 

82.280.  The  thickness  of  the  tie  plates  shall  be  not  less  than  one-fiftieth  of 
e  distance  between  the  connecting  lines  of  rivets.  The  tie  plates  shall  be 
nnected  by  not  less  than  three  rivets  on  each  side,  and  in  members  having 
cing  bars  the  last  rivet  in  the  tie  plate  shall  preferably  also  pass  through 
e  end  of  the  adjacent  bar. 

82.281.  For  main  compression  members,  the  end  tie  plates  shall  have  a 
gth  not  less  than  one  and  one-half  times  the  perpendicular  distance 

tween  the  lines  of  rivets  connecting  them  to  the  member  and  with  a  rivet 
acing  of  the  preferred  minimum  and  the  intermediate  tie  plates  a  length 
>t  less  than  that  distance.  For  main  tension  members  the  end  tie  plates 
all  have  the  length  above  specified  for  end  tie  plates  on  main  compression 
embers  and  the  length  of  the  intermediate  tie  plates  shall  not  be  less  than 
ree-fourths  the  length  specified  for  intermediate  tie  plates  on  compression 
embers.  In  tension  members  whose  elements  are  connected  by  tie  plates 
ly,  the  distance  center  to  center  of  plates  shall  not  exceed  3'. 

82.282.  For  lateral  struts  and  other  secondary  members,  the  length  of  end 

d  intermediate  tie  plates  shall  be  not  less  than  three-fourths  the  perpen- 

cular  distance  between  the  lines  of  rivets  connecting  them  to  the  member. 

1 82.283.  Lacing  Bars. — The  lacing  of  compression  members  shall  be  pro- 

Ttioned  to  resist  a  transverse  shear  not  less  than  that  calculated  by  the 
mula: 

5  =  300A. 
lere  5  =  transverse  shear,  in  pounds. 

A  =  gross  area  of  member,  in  square  inches. 

82.284.  This  shear  shall  be  considered  as  divided  equally  among  all 
iffening  parts  in  parallel  planes,  whether  made  up  of  continuous  plates  or 
ttice.  The  stress  in  the  individual  lacing  bar  shall  be  taken  as  the  com- 
ment of  the  shear,  in  the  direction  of  the  bar,  in  case  single  lacing  is  used 
d  half  that  amount  if  double  lacing  is  used.  The  size  of  the  bar  shall  be 
termined  by  the  column  formula  in  which  L  shall  be  taken  as  the  distance 
tween  the  connections  to  the  main  sections. 

82.285.  The  minimum  width  of  lacing  bars  shall  be: 

For  Y%"  diameter  rivets 2M" 

For  %"  diameter  rivets 2%" 

For  %"  diameter  rivets 2" 

82.286.  Lacing  bars  having  two  rivets  in  each  end  shall  be  used  for  flanges 
'  or  more  in  width. 

82.287.  The  minimum  thickness  of  bars  shall  be  one-fortieth  of  the  distance 
tween  end  rivets  in  the  case  of  single  lacing  and  one-sixtieth  of  this  distance 

double  lacing. 

82.288.  Double  lacing,  riveted  at  the  intersections,  shall  be  used  when  the 
rpendicular  distance  between  rivet  lines  exceeds  15". 

82.289.  The  inclination  of  single  lacing  shall  generally  be  about  6o°  and 
double  lacing  it  shall  be  about  4s0  to  the  axis  of  the  member.     Further- 

sre,  the  maximum  spacing  of  lacing  bars  shall  be  such  that  the  ratio  of 

'lgth  to  radius  of  gyration  (  -  J  for  the  portion  of  single  flange  between 


(') 


lsecutive  connections  will  be  smaller  than  this  ratio  for  the  member  as  a 
ole. 

82.290.   Shapes  of  equivalent  strength  may  be  used  instead  of  flats. 
^2.291.  Net  Section  at  Pins. — Pin-connected  riveted  tension  members  shall 
ve  a  net  section,  both  through  the  pin  hole  and  back  of  the  pin  hole,  at 
st  25  %  in  excess  of  the  net  section  of  the  body  of  the  member. 
82.292.  Net  Section  of  Riveted  Tension  Members. — In  calculating  the 
luired  area  of  riveted  tension  members,  net  sections  shall  be  used  in  all 
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cases,  and  in  deducting  rivet  holes  they  shall  be  taken  as  y%"  larger  than  trl 
nominal  diameter  of  the  rivet. 

82.293.  The  net  section  shall  be  the  least  area  which  can  be  obtained  bl 
deducting  from  the  gross  sectional  area,  the  area  of  holes  cut  by  any  straiglM 
or  zigzag  section  across  the  member,  counting  the  full  area  of  the  first  ho  I 
and  a  fractional  part  of  each  succeeding  hole,  the  fractional  part  beirl 
determined  by  the  formula: 

X    =    I r 

where  x  =  fraction  of  rivet  hole  to  be  deducted. 

5  =  stagger  or  longitudinal  spacing  of  rivets  with  respect  to  riv< 

on  last  gage  line. 
g  =  distance  between  gage  lines,  or  transverse  spacing. 
h  =  diameter  of  rivet  holes,  or  nominal  diameter  of  rivet  plus  }£" 

82.294.  Location  of  Pins. — Pins  shall  be  located,  with  respect  to  the  neutr 
axis  of  the  members,  so  as  to  reduce  to  a  minimum  secondary  stresses  due  j 
bending. 

82.295.  Pin  Plates. — Pin  plates  shall  be  of  sufficient  thickness  to  provic 
the  required  bearing  area  upon  the  pin;  they  shall  be  as  wide  as  the  dime- 
sions  of  the  member  will  allow;  and  their  length,  measured  from  pin  cent 
to  end,  shall  be  at  least  equal  to  the  width.  Pin  plates  shall  contain  sufficiei 
rivets  to  distribute  their  due  proportion  of  the  pin  pressure  to  the  full  cros 
section  of  the  members;  only  the  rivets  located  within  two  lines  drawn  fro 
the  pin  center  toward  the  body  of  the  member  and  inclined  at  45  °  to  the  a.2 
of  the  member  shall  be  considered  effective  for  this  purpose.  In  the  case 
members  composed  of  web  plates  and  flange  angles  (with  or  without  a  cov 
plate) ,  there  shall  be  at  least  one  outside  pin  plate  covering  the  vertical  le 
of  the  flange  angles. 

82.296.  At  the  ends  of  compression  members  at  least  one  pair  of  pin  plat 
shall  extend  not  less  than  6"  beyond  the  near  edge  of  the  tie  plate. 

82.297.  All  pin-connected  compression  members  shall  be  provided  wi 
hinge  plates  having  a  minimum  thickness  of  %" . 

82.298.  Forked   Ends. — Forked   ends   on   compression   members   will 
permitted  only  when  unavoidable.      When  used,  a  sufficient  number  of  p 
plates  shall  be  provided  to  give  each  jaw  the  full  strength  of  the  compressi 
member.     At  least  one  pair  of  these  plates  shall  extend  to  the  far  edge 
the  tie  plates,  and  the  others  not  less  than  6"  beyond  the  near  edge  of  the ' 
plates. 

82.299.  Pins  and  Pin  Nuts. — Pins  shall  be  proportioned  for  the  maximu 
shears  and  bending  moments  by  the  stresses  in  the  members  connects 
If  there  are  eyebars  among  the  parts  connected,  the  diameter  of  the  p 
shall  be  not  less  than  two-thirds  of  the  width  of  the  widest  bar  attache 
Pins  shall  be  of  sufficient  length  to  secure  a  full  bearing  of  all  parts  connect 
upon  the  turned  body  of  the  pin.  They  shall  be  secured  in  position  by  hex 
gonal  chambered  nuts  or  by  hexagonal  solid  nuts  with  washers.  Where  t 
pins  are  bored,  through  rods  with  cap  washers  may  be  used.  In  gener; 
malleable  castings  conforming  to  the  requirements  of  Material  Details,  Ite 
100.28,  shall  be  used  for  pin  nuts.  Pin  nuts  shall  be  secured  by  cotters 
the  screw  ends. 

82.300.  Bolts. — Unless  specifically  authorized,  bolted  connections  w 
not  be  permitted.  Bolts,  when  used,  shall  be  unfinished  or  turned  as  specif! 
and  shall  meet  the  requirements  of  Item  59-31. 

82.301.  Bolts  in  tension  shall  have  double  nuts. 

82.302.  Upset  Ends. — Bars  and  rods  with  screw  ends  shall  be  upset 
provide  a  cross-sectional  area  at  the  root  of  the  thread  which  shall  exce* 
the  net  section  of  the  body  of  the  member  by  at  least  15  %. 

82.303.  Sleeve  Nuts. — Sleeve  nuts  shall  not  be  used. 

82.304.  Expansion. — Provision   for    expansion    and    contraction,    to   t 
extent  of  W  for  each  io'  of  span,  shall  be  made  for  all  bridges.     Expansi<  ■; 
ends  shall  be  firmly  secured  against  lifting  or  lateral  movement. 

82.305.  Expansion  Bearings. — Spans  of  less  than  70'  may  be  arranged 
slide  upon  metal  plates  with  smooth  surfaces.     Spans  of  70'  and  over  sh; 
be  provided  with  rollers  or  rockers  or  with  the  special  sliding  bearin 
described  below.     Neither  rollers  nor  rockers  shall  be  used  for  expansi( 
bearings  at  the  top  of  trestle  posts. 

82.306.  Fixed  Bearings. — Fixed  bearings  shall  be  firmly  anchored. 

82.307.  Hinged  or  Pin  Bearings. — Spans  of  70'  and  over  shall  havehing< 
or  pin  bearings  at  both  ends.     The  pedestals  or  shoes  shall  be  so  design* 
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hat  all  loads  will  act  through  the  end  pins  which  will  be  located  directly 
jver  the  geometrical  center  of  the  bearings. 

82.308.  Rollers. — Expansion  rollers  shall  be  not  less  than  4"  in  diameter 
or  span  lengths  of  ioo'  or  less  and  this  minimum  shall  be  increased  not 
ess  than  1"  for  each  additional  100'  of  span,  and  proportionally  for  inter- 
nediate  lengths.  They  shall  be  connected  together  by  substantial  side  bars 
ind  shall  be  effectually  guided  so  as  to  prevent  lateral  movement,  skewing,  or 
:reeping.  The  rollers  and  bearing  plates  shall  be  protected  from  dirt  and 
vater  as  far  as  possible,  and  the  construction  shall  be  such  that  water  will 
lot  be  retained  and  that  the  roller  nests  may  be  inspected  and  cleaned  with 
.he  minimum  difficulty. 

82.309.  Rockers. — Pin-bearing  expansion  rockers  shall  be  of  cast  steel  or 
ast  iron. 

I  82.310.  Special  Sliding  Expansion  Bearings. — Sliding  plates  for  the  expan- 
sion bearings  of  spans  of  70'  and  over  shall  be  of  Class  A  bronze,  as  prescribed 
Binder  item  Structural  Steel.  These  plates  shall  be  chamfered  at  the  ends 
|.nd  shall  be  held  securely  in  position,  usually  be  being  inset  into  the  metal  of 

he  pedestals  and  sole  plates.     Provision  shall  be  made  against  any  accumula- 

ion  of  dirt  which  will  obstruct  their  movement. 

82.311.  Pedestals  and  Shoes. — Pedestals  and  shoes  shall  be  designed  to 
ecure  rigidity  and  stability  and  to  distribute  the  reaction  uniformly  over  the 
ntire  bearing  area.  Preferably,  they  shall  be  made  of  cast  steel  or  structural 
teel.  The  bottom  bearing  widths  shall  not  exceed  the  top  bearing  widths 
>y  more  than  twice  the  depth  of  pedestal  and,  when  involving  pin  bearings, 
his  depth  shall  be  measured  from  the  center  of  pin. 

82.312.  Where  built  pedestals  and  shoes  are  used,  the  web  plates  and  the 
ngles  connecting  them  to  the  base  plates  shall  be  not  less  than  W  thick. 
f  the  size  of  the  pedestal  permits,  the  webs  shall  be  rigidly  connected 
ransversely. 

82.313.  Inclined  Bearings. — For  spans  on  an  inclined  grade  and  without 
•in  or  hinged  bearings,  the  sole  plates  shall  be  beveled  so  that  the  substructure 
>ridge  seats  will  be  level. 

82.314.  Anchor  Bolts. — Trusses,  girders,  and  I-beam  spans  shall  be  securely 
nchored  to  their  substructures.  Anchor  bolts  shall  be  roughened  by  being 
crew  threaded  or  swedged  to  secure  a  satisfactory  grip  upon  the  material 
.sed  to  embed  them  in  the  holes. 

82.315.  The  following  are  the  minimum  requirements  for  each  bearing: 

For  I-beams  spans,  the  outer  beam  shall  be  anchored  at  each 
end  with  two  bolts 

1"  in  diameter,  set  10"  in  the  masonry. 
For  girder  and  truss  spans,  50'  in  length  or  less,  2  bolts 
1"  in  diameter,  set  10"  in  masonry. 
51  to  ioo'  in  length,  2  bolts,  i\£"  in  diameter,  set  1'  o"  in 

masonry. 
10 1  to  150'  in  length,  2  bolts,  ij^j"  in  diameter,  set  15"  in 

masonry. 
151  to  250'  in  length,  4  bolts,  iH"  in  diameter,  set  i'  6"  in 
masonry. 

82.316.  Anchor  bolts  subject  to  tension,  as  in  the  column  bases  of  trestle 
ents  and  towers,  shall  be  designed  to  engage  a  mass  of  masonry  which  will 

cure  a  resistance  equal  to  one  and  one-half  times  the  calculated  uplift. 

Floor  System 

82.317.  Floorbeams. — ;Floorbeams  preferably  shall  be  at  right  angles  to 
he  trusses  or  main  girders  and  shall  be  rigidly  connected  thereto.  In 
eneral,  floorbeam  connections  shall  be  located  above  the  bottom  chord,  and 

riveted  work  the  bottom-chord  lateral  system  shall  engage  both  the 
ottom  chord  and  the  floorbeam.     Floorbeam  connections  to  pin-connected 

sses  preferably  shall  be  above  the  bottom-chord  pins,  but,  if  located 
elow,  the  vertical  posts  shall  be  extended  below  the  pins  to  secure  rigid 
jnnections  to  the  floorbeams. 

82.318.  End  Floorbeams. — Except  in  skew  bridges,  end  floorbeams  shall 
e  provided  in  all  truss  and  girder  spans.  End  floorbeams  preferably  shall 
e  designed  to  permit  the  use  of  jacks  for  the  future  lifting  of  the  super- 
xucture,  under  which  condition  the  specified  unit  stresses  shall  not  be 
sceeded  by  more  than  50%. 

82.319.  find  floorbeams  shall  be  arranged  to  permit  future  painting  of  the 
des  of  the  beams  adjacent  to  the  abutment  backwalls. 
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82.320.  Stringers. — Steel  stringers  preferably  shall  be  riveted  between  th 
floorbeams,  with  end  connections  to  the  floorbeam  webs. 

82.321.  End  Struts. — When  end  floorbeams  are  not  used,  the  end-pani 
stringers  shall  be  secured  in  correct  locations  by  end  struts  securely  cor 
nected  to  the  stringers  and  to  the  main  trusses  or  girders.  The  end-pan< 
lateral  bracing  shall  be  rigidly  attached  to  the  main  trusses  or  girders  an 
shall  also  be  attached  to  the  end  struts.  Adequate  provision  shall  be  mac 
for  the  expansion  movement  of  stringers. 

82.322.  End  Connections  for  Floorbeams  and  Stringers. — The  end-coi 
nection  angles  of  floorbeams  and  stringers  shall  be  not  less  than  %"  i 
thickness.  When  milled  ends  are  required,  the  thickness  of  connectio 
angles  shall  be  MV'  greater  than  for  connection  angles  not  required  to  t 
milled.  Except  in  cases  of  special  end  floorbeam  details,  end  connectior 
for  floorbeams  and  stringers  shall  be  made  with  two  angles  at  each  enc 
Bracket  or  shelf  angles  which  may  be  used  to  furnish  support  during  erectio 
shall  not  be  considered  in  determining  the  number  of  rivets  required  t 
transmit  end  shears. 

82.323.  End-connection  angles  shall  develop  the  full  depth  of  the  webs  b 
having  a  length  as  great  as  the  flanges  will  permit. 

82.324.  In  the  preparation  of  end-connection  details,  special  care  shall  t 
exercised  to  provide  ample  clearance  for  the  driving  of  field  connection  rivet 

82.325.  The  use  of  any  type  of  floorbeam  hanger  which  does  not  prevei 
all  rotation  or  longitudinal  motion  of  the  floorbeam  will  not  be  permitted. 

82.326.  Expansion  Joints. — To  provide  for  expansion  and  constructic 
movement,  suitable  floor  expansion  joints  shall  be  provided  at  the  expansic 
ends  of  all  spans  and  at  other  points  where  they  may  be  required. 

82.327.  Apron  plates,  when  used,  shall  be  designed  properly  to  bridge  tl 
joint  and  to  prevent,  as  far  as  possible,  the  deposit  of  roadway  debris  upc  I 
the  bridge  seat. 

Bracing 

82.328.  Design  of  Bracing. — Lateral,  longitudinal,  and  transverse  bracir 
shall  be  composed  of  angles  or  other  shapes  offering  resistance  to  deformatic 
when  subjected  to  compressive  stress,  and  shall  have  riveted  connections. 

82.329.  In  general,  bracing  shall  consist  of  a  double  system  of  diagon 
tension  members  with  transverse  compression  members.      The  diagonals 
each  system  shall  be  proportioned  to  carry  the  total  lateral  stress  in  tensio 
the  transverse  struts  (or  floorbeams)  acting  as  compression  members  of  boi 
systems. 

82.330.  All  intersections  of  lateral  and  sway  bracing  shall  be  riveted  to  ac 
rigidity  and  prevent  deformations. 

82.331.  Lateral  Bracing. — Bottom  lateral  bracing  shall  be  provided  in  £ 
bridges  except  I-beam  spans,  from  which  it  may  be  omitted.  Bottom  latera 
preferably  shall  be  supported  by  rigid  hangers  at  the  intersections. 

82.332.  Top  lateral  bracing  shall  be  provided  in  deck  spans  and  in  throug 
spans  having  sufficient  headroom. 

82.333.  Lateral  bracing  for  compression  chords  shall  preferably  consist  • 
either  two  or  four  angle  latticed  sections;  and  so  designed  as  to  effective! 
engage  both  flanges  of  the  chords. 

82.334.  Lateral  bracing  shall  have  concentric  connections  to  chords  at  en 
joints,  and  preferably  throughout.  The  connections  between  the  later 
bracing  and  the  chords  shall  be  designed  to  avoid,  as  far  as  possible,  an 
bending  stress  in  the  truss  members. 

82.335.  Portal  and  Sway  Bracing. — Through  truss  spans  shall  have  port; ' 
bracing,  preferably  of  the  two-plane  or  box  type,  rigidly  connected  to  the  en 
post  and  top  chord  flanges,  and  constructed  as  deep  as  the  minimum  clearanc 
will  allow.  When  a  single-plane  portal  is  used,  it  preferably  shall  be  locate 
in  the  central  transverse  plane  of  the  end  posts,  with  diaphragms  betweejl 
the  webs  of  the  posts  to  provide  for  a  proper  distribution  of  the  portal  stresse 
The  portal  bracing  shall  be  designed  to  take  the  full  end  reaction  of  the  to] 
chord  lateral  system  and  the  end  posts  shall  be  designed  to  transfer  th 
reaction  to  the  truss  bearings. 

82.336.  Deck  truss  spans  shall  have  adequate  sway  bracing   at  the  enc  I 
and   at  all  intermediate  panel  points.     This  bracing  shall  occupy  the  full 
depth  of  the  trusses  below  the  floor  system.     The  bracing  shall  be   propo:l 
tioned    to    transfer    the    end    reaction    of   the   top   lateral    system    to   th| 
substructure. 

82.337.  Through  truss  spans  shall  have  sway  bracing  at  each  intermediat 
panel  point  if  the  height  of  the  trusses  is  such  as  to  permit  a  depth  of  5'  c 
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lore  for  the  bracing.  When  the  height  of  the  trusses  will  not  permit  of  such 
epth,  the  top  lateral  struts  shall  be  provided  with  knee  braces.  Top  lateral 
truts  shall  be  at  least  as  deep  as  the  top  chord.  Sway  bracing  shall  be  of 
mple  strength  to  transfer  one-half  of  the  wind  pressure  to  the  leeward 
uss. 

82.338.  Cross-frames. — Deck  plate-girder  spans  shall  be  provided  with 
(ross-frames  at  each  end  proportioned  to  resist  all  lateral  forces  and  shall 
lave  intermediate  cross-frames  at  intervals  not  exceeding  15'.  These 
•ames  shall  be  connected  to  the  outstanding  lags  of  the  stiffener  angles  and 
)  the  girder  flanges. 

82.339.  Low  Truss  Spans. — The  vertical  truss  members  and  the  floorbeam 
Dnnections  of  low  truss  spans  shall  be  proportioned  to  resist  a  lateral  force, 
pplied  at  the  top-chord  panel  points  of  the  truss  determined  by  the  following 
juation: 

R  =  iso  (A  +  P) 
'■here  R  =  lateral  force  in  pounds. 

A  =  area  of  cross-section  of  chord  in  square  inches. 
P  =  panel  length  in  feet. 

82.340.  This  rigidity  may  be  secured  in  part  by  extending  one  or  both  of 
le  floorbeam  connection  angles  upward  along  the  inside  of  the  post.  Pref- 
rably  outrigger  brackets  attached  to  the  vertical  posts  on  the  outside  of  the 
.•usses  shall  not  be  used. 

82.341.  Through  Girder  Spans. — Through  plate-girder  spans  shall  be 
iiffened  against  lateral  deformations  by  means  of  gusset  plates,  or  knee 
races  with  solid  webs,  attached  to  the  stiffener  angles  and  floorbeams.  If 
le  unsupported  length  of  the  inclined  edge  of  the  gusset  plate  exceeds 
xty  times  its  thickness,  the  gusset  plate  shall  have  stiffener  angles  riveted 

ong  its  edge. 

82.342.  These  braces  generally  shall  extend  to  the  clearance  line  and  pref- 
■ably  shall  be  spaced  not  farther  apart  than  15'. 

82.343.  Railings. — Substantial  railings  shall  be  provided  along  each  side 
:  the  bridge  for  the  protection  of  traffic.  In  general,  the  railings  shall  be 
vo  classes,  viz.: 

1.  Railings  suitable  for  use  on  country  bridges  which  are  not  subject  to 
jneral  pedestrian  traffic. 

2.  Railings  for  the  protection  of  pedestrians  on  bridge  in  cities  or  villages. 
I  82.344.  The  top  rail  of  all  railings  shall  be  located  approximately  3'  6" 
■Dove  the  bridge  floor  and  shall  be  capable  of  resisting  a  horizontal  force  of 

■  )0  lb.  per  linear  foot. 

■1  82.345.  Railings  of  the  first  class  may  consist  of  not  less  than  two  lines  of 
Ibrizontal  rails  of  approved  section. 

E,  82.346.  Railings  of  the  second  class  shall  consist  of  an  upper  and  lower 
■Drizontal  rail  connected  by  a  suitable  web.  The  clear  distance  between 
lie  floor  and  the  lower  rail  shall  not  exceed  6". 

■  82.347.  Preferably  the  unsupported  length  of  any  rail  section  shall  not 
■tceed  8'  and  all  connections  to  posts,  truss  members,  etc.  shall  contain 
■Dt  less  than  two  rivets  each.  Ample  provision  shall  be  made  for  move- 
I  ent  due  to  temperature. 

Plate  Girders 
•  82.348.  Proportioning. — Plate  girders  shall  be  proportioned  either  by 
•suming  the  flanges  to  be  concentrated  at  their  centers  of  gravity  or  by 
fc.e  moment  of  inertia  of  the  net  section.  In  the  former  case  one-eighth  of 
M.e  gross  area  of  the  web  is  available  as  net  flange  area,  but  the  effective 
«pth  shall  not  be  assumed  to  be  greater  than  the  distance  back  to  back  of 
Hinge  angles.  For  girders  having  unusual  cross-sections,  the  moment-of- 
■ertia  method  shall  be  used. 

K 82.349.  Flange  Sections. — The  gross  section  of  the  compression  flange 
Mall  _  be  not  less  than  the  gross  section  of  the  tension  flange.  The  com- 
Mession  flange  preferably  shall  be  stayed  against  lateral  deflection  at  inter- 
Mis  not  exceeding  twelve  times  its  width. 

1  82.350.  The  flange  angles  shall  form  as  large  a  portion  of  the  gross  area 
B  the  flange  as  practicable. 

I  82.351.  When  flange  cover  plates  are  used,  at  least  one  plate  on  the  top 
Mnge  shall  extend  the  full  length  of  the  girder.  Any  additional  flange 
Mver  plates  shall  be  of  such  length  as  to  allow  two  rows  of  rivets  to  be 
Maced  at  each  end  of  the  plate  beyond  its  theoretical  end,  and  there  shall  be 
■sufficient  number  of  rivets  at  the  ends  of  each  plate  to  develop  its  full 
ess  value  before  the  theoretical  end  of  the  next  outside  plate  is  reached. 


1560 


SPECIFICATIONS 


82.352.  Flange  cover  plates  shall  be  equal  in  thickness,  or  shall  diminisl 
in  thickness  from  the  flange  angles  outward.  No  plate  shall  have  a  thicll 
ness  greater  than  that  of  the  flange  angles. 

82.353.  Web   Plates. — Web   plates  shall   be   proportioned  for  both  til 
vertical  and  horizontal  shearing  stresses.     Splices  in  web  plates  shall  1 1 
avoided  as  far  as  possible,  but,  when  used,  they  shall  be  designed  to  develc 
the  full  value  of  the  web  plate  for  both  bending  and  shearing  stresses. 

82.354.  Flange  Rivets. — The  number  of  rivets  connecting  the  flanf 
angles  to  the  web  plates  shall  be  sufficient  to  develop  the  increment 
flange  stress  transmitted  to  the  flange  angles,  combined  with  any  load  th; 
is  applied  directly  to  the  flange.  For  electric  railways,  one-wheel  loa 
when  applied  directly  to  the  flange,  shall  be  assumed  to  be  distribute 
uniformly  over  a  length  of  3'. 

82.355.  Flange  Splices.; — Splices  in  flange  members  shall  not  be  us« 
except  by  special  permission  of  the  engineer.  Two  members  shall  not  1 
spliced  at  the  same  cross-section,  and  if  practicable,  splices  shall  be  locati 
at  points  where  there  is  an  excess  of  section.  The  net  section  of  the  spli 
shall  exceed  by  10%  the  net  section  of  the  member  spliced.  Flange  ang 
splices  shall  consist  of  two  angles,  one  on  each  side.  Splice  angles  sh« 
be  fitted  to  secure  close  contact  with  the  material  spliced. 

82.356.  Web    Splices. — Web   plates   shall   be   symmetrically   spliced  1 
plates  on  each  side.     The  splice  shall  be  equal  in  strength  to  the  web 
both  shear  and  moment.     There  shall  be  at  least  two  rows  of  rivets  on  ea 
side  of  the  joint. 

82.357.  End  Stiffeners. — Plate  girders  shall  have  stiffener  angles  over  e: 
bearings,  the  outstanding  legs  of  which  shall  be  as  wide  as  the  flange  ang 
will  allow  and  shall  fit  tightly  against  them.     These  end  stiffeners  shall 
proportioned  for  bearing  on  the  outstanding  legs  of  the  flange  angles, 
allowance  being  made  for  the  legs  fitted  to  the  fillets  of  the  flange  angl 
End  stiffeners  shall  be  arranged  to  transmit  the  total  end  reaction  and 
distribute  it  over  the  bearings.      They  shall  not  be  crimped  and  the  cc 
nection  to  the  web  shall  contain  a  sufficient  number  of  rivets  to  transmit  t 
entire  reaction. 

82.358.  Intermediate    Stiffeners. — Intermediate-stiffener  angles  shall 
riveted  in  pairs  to  the  web  of  the  girder.      The  outstanding  leg  of  ea 
angle  shall  have  a  width  of  not  more  than  sixteen  times  its  thickness  a 
not  less  than  2"  plus  one-thirtieth  of  the  depth  of  the  girder. 

82.359.  Intermediate  stiffeners  shall  be  spaced  at  intervals  not  exceedii 

a.  Six  feet. 

b.  The  depth  of  the  web. 

c.  The  distance  given  by  the  formula. 

/ 
d (i2,ooo-S) 

4°. 

where  d  =  distance  between  rivet  lines  of  stiffeners  in  inches. 

t  =  thickness  of  web  in  inches. 

s  =  web  shear  in  pounds  per  square  inch  at  the  point  considered. 

82.360.  When  the  depth  of  the  web  between  the  flange  angles  or  s 
plates  is  less  than  sixty  times  the  web  thickness,  intermediate  stiffen 
may  be  omitted. 

82.361.  Intermediate-stiffener  angles  shall  be  placed  at  points  of  c< 
centrated  loading  and  shall  be  designed  to  transmit  the  reactions  to  j 
girder  web.  Such  stiffeners  shall  not  be  crimped.  Other  intermedi. 
stiffeners  may  be  crimped. 

82.362.  Ends  of  Through  Girders. — The  upper  corners  of  through  pi 
girders,  where  exposed,  shall  be  neatly  rounded  to  a  radius  consistent  w 
the  size  of  the  flange  angles  and  the  vertical  height  of  the  girder  above  i 
roadway.      The  first  flange  plate  or  a  plate  of  the  same  width  will  be  b  | 
around  the  curve  and  continued  to  the  bottom  of  the  girder.     In  a  brie 
consisting  of  two  or  more  spans,  only  the  corners  on  the  extreme  ends  n« 
to  be  rounded,  unless  the  spans  have  girders  of  varying  heights,  in  wh 
case  the  higher  girders  shall  have  their  top  flanges  neatly  curved  down  at 
ends  to  meet  the  top  corners  of  the  girders  in  the  adjacent  spans. 

82.363.  End   Bearings. — End   bearings   of   girders   on   masonry   shall 
raised    above  the  bridge  seat  by  metal  pedestals  or  plates  a  height  of 
least  2". 

82.364.  Sole  and  Masonry  Plates. — Sole  and  masonry  plates  shall  e< 
be  not  less  than  %"  thick. 
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82.365.  Camber. — In  general,  camber  will  not  be  required  in  plate  girders 
xcept  for  long  spans  or  special  conditions.  When  used,  it  shall  be  sufficient 
1  amount  to  meet  the  requirements  of  the  engineer. 

Trusses 

I  82.366.  Main  Features. — Preference  will  be  given  to  trusses  with  single 
atersecting  web  members  or  other  forms  of  trusses  possessing  the  least 
imbiguity  in  computed  stresses  and  the  greatest  elements  of  serviceability. 
Ldjustable  members  in  any  part  of  the  structure  preferably  shall  be  avoided. 
Members  shall  be  symmetrical  about  the  central  plates  of  trusses  and  all 
iarts  shall  be  so  designed  that  they  can  be  inspected,  cleaned  and  painted. 
I  82.367.  Through  riveted  and  pin-connected  spans  will  generally  have 
iclined  end  posts.  Low  truss  spans  shall  be  of  the  riveted  type.  In  low 
russ  spans,  laterally  unsupported  hip  joints  or  "flying  hips"  shall  be  avoided. 
'1  82.368.  Top  Chords  and  End  Posts. — Top  chords  and  end  posts  of  low  and 
lirough  truss  spans  shall  be  made  usually  of  two  side  segments  with  one 
pver  plate  and  with  tie  plates  and  lacing  on  the  open  side.  In  chords  of 
ght  section,  tie  plates  and  lacing  may  be  used  in  place  of  a  cover  plate. 
[  82.369.  Top  chords  of  deck  trusses  subjected  to  direct  loading  shall  be 
bsigned  for  the  cross-bending  occasioned  by  the  dead,  five,  and  impact 
lads  of  the  floor  system,  in  addition  to  the  direct  chord  stresses,  and  all 
tip-chord  splices  shall  be  proportioned  for  those  stresses  and  any  shearing 
[resses  they  may  receive.  Where  the  shape  of  the  truss  permits,  compression 
jiords  shall  be  built  continuous,  with  splices  located  as  near  the  panel  points 
1.  possible  and  preferably  on  the  side  subjected  to  the  smaller  stress. 
I  82.370.  The  top-chord  sections  of  low  truss  spans  shall  be  so  proportioned 
Sat  the  radius  of  gyration  about  the  vertical  axis  of  the  member  shall  be  at 
last  one  and  one-half  times  the  radius  of  gyration  about  the  horizontal  axis. 
I  82.371.  Bottom  Chords. — The  bottom  chords  of  riveted  trusses  generally 
lall  be  spliced  outside  of  gusset  plates  near  panel  points  and  on  the  side 
Irthest  away  from  the  center  of  the  span. 

1 82.372.  Bottom  chords  composed  of  angles  preferably  shall  be  detailed  with 
le  vertical  legs  of  the  angles  extending  downward. 

1 82.373.  Working  Lines  and  Gravity  Axes. — For  compression  members 
irmed  of  side  segments  and  a  cover  plate,  the  working  line  shall  coincide  as 
larly  as  practicable  with  the  gravity  axis  of  the  section.  For  symmetrical 
Ictions  the  working  line  shall  coincide  with  the  gravity  axis.  For  two  angle 
|)ttom  chord  or  diagonal  members,  the  working  fine  may  be  taken  as  the 
l.ge  line  nearest  the  back  of  the  angle. 

I  82.374.  Camber. — Trusses  shall  in  general  be  given  a  camber  by  increasing 
le  length  of  the  top  chords  an  amount  in  each  panel  length  equal  to  ^ie" 
It  each  10'  of  their  horizontal  projection. 

1 82.375.  Rigid  Members  in  Pin-connected  Trusses. — Pin-connected 
lusses  shall  have  stiff  riveted  members  in  the  bottom  chords  of  the  first 
l^o  main  panels  at  each  end  of  the  span  and  all  web  members  performing  the 
Inction  of  suspenders  shall  be  of  stiff  riveted  construction. 

82.376.  Counters  and  Adjustable  Members. — Rigid  counters  are  preferred. 
Iljustable  counters,  when  used,  shall  have  open  turnbuckles  and  in  the 
■  sign  of  these  members  an  allowance  of  10,000  lb.  shall  be  made  for  initial 
Iress.  Only  one  set  of  diagonals  in  any  panel  shall  be  adjustable.  Sleeve 
■its  and  loop  bars  shall  not  be  used. 

§82.377.  Eyebars. — Eyebar  heads  shall  have  a  cross-sectional  area  through 

le  center  of  the  pin  hole  exceeding  that  of  the  body  of  the  bar  by  at  least  40% . 

lie  net  section  adjacent  to  the  head  shall  be  not  less  than  that  of  the  main 

Bdy  of  the  bar.     The  thickness  of  the  bar  shall  be  not  less  than  one-eighth 

the  width  and  greater  than  2".     The  forms  of  the  head  shall  be  submitted 

the  engineer  for  approval  before  the  bars  are  made.     The  diameter  of  the 

1  shall  be  not  less  than  two-thirds  of  the  width  of  the  widest  bar  connected. 

82.378.  Packing  Eyebars. — The  eyebars  of  a  set  shall  be  packed  symmet- 
ally  about  the  central  plane  of  the  truss  and  as  nearly  parallel  as  practi- 
ble,  but  in  no  case  shall  the  inclination  of  any  bar  to  the  plane  of  the  truss 
ceed  MV  per  foot.  Bars  shall  be  packed  as  closely  as  practicable  and 
Id  against  lateral  movement,  but  they  shall  be  arranged  so  that  adjacent 
rs  in  the  same  panel  will  be  separated  by  at  least  %". 

82.379.  All  intersecting  diagonal  bars  not  far  enough  apart  to  clear  each 
ler  at  all  times  shall  be  well  clamped  together  at  intersections. 

82.380.  Steel  filling  rings  shall  be  provided,  when  required,  to  prevent 
eral  movements  of  eyebars  or  other  members  connected  upon  pins. 
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82.381.  Diaphragms. — Diaphragms  shall  be  provided  in  the  trusses  at  1 1 
end  connections  of  all  floorbeams.  In  general,  such  diaphragms  shall  exte  I 
down  to  the  bottom  Range  of  the  floorbeam  and  for  at  least  two  rivet  spa*! 
above  the  top  flange. 

82.382.  The  gusset  plates  engaging  the  pedestal  pin  at  the  end  of  a  tr| 
shall  be  rigidly  connected  by  a  diaphragm  which  shall,  in  general,  take  dir 
bearing  on  the  pin.     Similarly,  the  pedestal  webs  shall,  where  practicable, 
connected  by  diaphragms  which  shall  in  general  take  bearing  on  the  bea 

82.383.  A  diaphragm  shall  be  provided  between  gusset  plates  engag: 
main  members  whenever  the  end  tie  plate  is  located  at  a  distance  of  4' 
more  from  the  point  of  intersection  of  the  members.  In  general,  the  wet 
this  diaphragm  shall  be  located  in  the  plane  of  the  latticed  flange. 

82.384.  Sole  and  Masonry  Plates. — Sole  and  masonry  plates  support 
trusses  and  columns  shall  each  have  a  thickness  of  not  less  than  %".  1 
bottom  chords  of  trusses  shall  be  raised  above  the  bridge  seat  at  least 
by  the  use  of  metal  plates  or  pedestals. 

Viaducts 

82.385.  Type. — Viaducts  shall  consist  usually  of  alternate  tower  spans  1 
free  spans  of  plate  girders  or  riveted  trusses  supported  on  trestle  towi 
However,  in  viaducts  having  a  column  height  less  than  35',  trestle  bents  n 
alternate  with  the  towers. 

82.386.  In  viaducts  requiring  freedom  of  waterway  and  in  structt 
having  a  less  total  column  height  than  20',  the  number  of  intermediate  tre 
bents  may  be  increased  over  that  specified  above  but,  in  general,  shall 
exceed  four  in  number.  Ample  rigidity  shall  be  secured  in  the  attachmen 
the  superimposed  spans  to  the  column  caps  of  the  bents. 

82.387.  Bents  and  Towers. — Each  trestle  bent  shall  be  composed  p 
erably  of  two  main  supporting  columns.     Towers  shall  be  composed  of 
bents  rigidly  braced  and  strutted  both  longitudinally  and  transversely. 

82.388.  Single  Bents. — Where  viaduct  spans  are  supported  on  sh 
bents,  such  bents,  if  less  than  20'  in  height,  shall  be  pin  connected  to  £. 
base  sections  or  shall  be  designed  to  resist  bending. 

82.389.  Batter. — Columns  preferably  shall  have  a  transverse  batter  of 
less  than  1  horizontal  to  12  vertical. 

82.390.  Depth  of  Girders. — The  depth  of  plate  girders  in  viaducts  p 
erably  shall  be  uniform. 

82.391.  Girder  Connections. — Girders  of  tower  spans  shall  be  fastene< 
each  end  to  the  tops  of  the  columns  or  to  the  cross-girders.  Girders  betw 
towers  shall  have  one  end  riveted,  and  shall  be  provided  with  an  effec 
expansion  joint  at  the  other  end.  No  bracing  or  sway  frame  shall  be  c 
mon  to  abutting  spans. 

82.392.  Bracing. — Towers  shall  be  thoroughly  braced,  both  transver 
and  longitudinally,  with  a  double  system  of  stiff  tension  diagonals  \ 
riveted  connections.  Longitudinal  and  transverse  struts  shall  be  placer 
caps  and  bases  and  at  all  intermediate  panel  points.  All  bracing  ( 
nections  are  to  be  made  by  gusset  plates. 

82.393.  Column  splices  generally  shall  be  located  close  to  and  above 
panel  points  of  the  bracing. 

82.394.  Horizontal  diagonal  bracing  shall  be  provided  at  the  tops 
bases  of  towers  and  at  least  at  all  intermediate  panel  points  of  the  lat 
bracing  where  the  tower  columns  are  spliced. 

82.395.  Provision  shall  be  made  in  column  bearings  for  expansion  of  to 
bracing.  The  struts  at  the  base  of  towers  shall  be  strong  enough  to  slide 
movable  shoes  with  the  structure  unloaded.  The  coefficient  of  friction  s 
be  taken  at  0.3. 

82.396.  Sole  and  Masonry  Plates. — Sole  and  masonry  plates  shall  e 
be  not  less  than  %"  thick. 

82.397.  Anchorage. — Viaduct  bents  preferably  shall  have  a  suffic 
spread  at  the  base  to  prevent  tension  in  any  windward  leg.  When  thi 
impracticable,  the  column  anchorages  shall  be  designed  safely  to  resist 
less  than  one  and  one-half  times  the  calculated  uplift. 

82.398.  Method  of  Measurement. — The  quantities  of  the  various 
items  which  constitute  the  structure  constructed  and  completed  in  accorda 
with  this  specification  and  accepted,  shall  be  measured  for  payment  accorc 
to  the  plans  and  specifications  for  the  several  items,  and  in  terms  of 
corresponding  units  prescribed  for  the  several  pay  items. 

82.399.  Basis  of  Payment. — These  measured  quantities  shall  be  paid  fo 
the  contract  unit  prices  bid  for  the  several  pay  items,  which  payment 
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trices  shall  be  full  compensation  for  furnishing,  fabricating,  transporting 
|nd  erecting  all  materials,  for  all  shop  work,  painting  and  field  work,  for 
,11  labor,  equipment,  tools  and  incidentals  necessary  to  complete  the  struc- 
'ures  ready  for  use. 

Standard  Specifications 

for 

Highway  Bridges  and  Incidental  Structures 

American  Association  of  State  Highway  Officials 

June  1,  io?5 
Introduction 

These  standard  bridge  specifications  have  been  prepared  for  the  purpose 
f  encouraging  and  promoting  a  more  uniform  practice  in  the  design  and 
onstruction  of  highway  bridges. 

The  intent  has  been  to  put  forth  specifications  susceptible  of  the  widest 
ossible  application  and  in  their  preparation  the  existing  range  of  condi- 
ons  and  practices  has  been  carefully  studied,  and  coordinated  in  all  essential 
lements  to  the  greatest  extent  practicable. 

The  specifications  have  been  written  primarily  to  meet  the  needs  of  the 
;ate  bridge  engineers  for  a  complete  working  specification.  The  require- 
lents,  therefore,  have  been  made  consistently  definite,  but  it  is  recognized 
lat,  in  individual  cases,  local  or  sectional  limitations  may  make  some 
lodifications  necessary. 

In  scope,  the  specifications  are  limited  to  the  field  of  ordinary  highway 
ridges  and  do  not  provide  for  unusual  span  lengths  and  types  of  con- 
;ruction,  for  which  provision  must  be  made  by  special  or  supplemental 
jecifications. 

The  engineers  who,  as  members  of  the  subcommittee  on  Bridges  and 
tructures  of  the  American  Association  of  State  Highway  Officials,  have  been 
isponsible  for  their  production  are  as  follows: 

E.  F.  Kelley,  U.  S.  Bureau  of  Public  Roads,  Washington,  D.  C,  Chairman. 

E.  E.  Brandow,  State  Department  of  Highways,  Pennsylvania,  Secretary. 

J.  H.  Ames,  State  Highway  Commission,  Iowa. 

Charles  E.  Andrew,  State  Highway  Department,  Washington. 

W.  C.  Buetow,  Resigned,  formerly  with  State  Highway  Commission, 
Wisconsin. 

G.  F.  Burch,  Department  of  Public  Works  and  Buildings,  Illinois. 

W.  C.  Burnham,  State  Highway  Commission,  Oklahoma. 

William  L.  Craven,  State  Highway  Commission,  North  Carolina. 

L.  N.  Edwards,  State  Highway  Commission,  Maine. 

J.  T.  Ellison,  State  Highway  Department,  Minnesota. 

William  R.  Clidden,  State  Highway  Commission,  Virginia. 

C.  L.  Hussey,  State  Board  of  Public  Roads,  Rhode  Island. 

C.  B.  McCullough,  State  Highway  Commission,  Oregon. 

Charles  A.  Mead,  State  Board  of  Public  Utility  Commissioners,  New 
;rsey. 

H.  E.  Sargent,  State  Highway  Board,  Montpelier,  Vt. 

S.  B.  Slack,  State  Highway  Department,  Georgia. 

L.  G.  Smith,  State  Highway  Department,  Alabama. 

William  J.  Titus,  State  Highway  Commission,  Indiana. 

M.  W.  Torkelson,  State  Highway  Commission,  Wisconsin. 

H.  E._  Warrington,  Resigned,  formerly  with  State  Highway  Commission. 

ilifornia. 

G.  G.  Wickline,  State  Highway  Department,  Texas. 

R.  B.  Wright,  U.  S.  Bureau  of  Public  Roads,  Portland,  Ore. 

SECTION  18 
PAVING  BLOCKS 

Asphalt  Blocks 

1.  General. — Asphalt  blocks  shall  be  composed  of  asphaltic  cement, 
meral  aggregate  and  inorganic  dust,  as  herein  specified,  thoroughly  mixed 
rule  hot  in  such  proportions,  depending  on  their  character,  that  the  finished 
ocks  shall  conform  to  the  specified  requirements. 

The  ingredients  of  the  blocks  shall  be  tested  in  accordance  with  the 
ethods  provided  in  the  tentative  Standard   Methods  of  Sampling  and 

sting  of  the  American  Association  of  State  Highway  Officials, 
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Each  bidder  shall  submit  with  his  bid  a  specimen  block  of  the  size  a 
quality   described  in  these   specifications,   labeled   with  the  name  of 
bidder,  the  name  of  the  manufacturer,  and  the  place  of  manufacture, 
not  accompanied  by  specimen  blocks  will  not  be  accepted. 

2.  Asphaltic  Cement. — The  asphaltic  cement  shall  conform  to  the  folic 
ing  requirements: 

1.  It  shall  be  homogeneous  and  free  from  water. 

2.  Specific  gravity  25°/2S°C.  (77°/77°F.),  not  less  than  1.00. 

3.  Flash  point:  Not  less  than  iqo°C.  (374°F.). 

4.  The  penetration  at  25°C.  (77°F.),  100  g.,  5  sec.  shall  be  varied   to  s 
climatic  and  traffic  conditions  in  accordance  with  the  following  table: 


Traffic 


Temperature 


Low 


Moderate 


High 


Light 

Moderate 
Heavy  .  . 


15-25 
15-25 
15-20 


15-25 
15-20 
10-20 


10-15 

10-15 

5-15 


5.  Loss  on  heating:  At  i63°C.  (325°F.),  50  g.,  5  hr.,  not  more  than  2°, 

6.  Penetration  of  residue  after  heating:  At  25°C.  (77°F.),  100  g.,  5  s 
as  compared  to  penetration  before  heating,  not  less  than  50%. 

7.  Ductility:  At  25°C.  (77°F.),  not  less  than  5. 

8.  Proportion  of  bitumen  soluble  in  carbon  tetrachloride:  not  less  t 

99%. 

3.  Mineral  Aggregate. — The  mineral  aggregate  shall  be  clean,  hi 
unweathered  trap  rock,  dolomite,  limestone,  copper  conglomerate,  or  ot 
suitable  material  which  shall  show  a  percentage  of  wear  of  not  more  than  ; 
Its  grading  shall  be  such  as  to  produce,  with  the  inorganic  dust,  the  rr 
composition  hereinafter  specified. 

4.  Inorganic  Dust. — The  inorganic  dust,  or  filler,  shall  be  produced  f: 
sound  limestone  or  other  approved  material  and  shall  be  powdered  to  sue 
fineness  that  95%  shall  pass  a  30-mesh  sieve  and  not  less  than  50%  s 
pass  a  200-mesh  sieve.  Sufficient  inorganic  dust  shall  be  used  to  give 
mesh  composition  hereinafter  specified. 

5.  Manufacture  of  Blocks. — Before  being  mixed,  the  asphaltic  cement 
crushed  mineral  aggregate  shall  be  heated  separately.     In  no  case  s 
either  be  heated  to  a  higher  temperature  than  350°F.,  but  the  temperai 
of  each  shall  be  so  regulated  that  the  temperature  of  the  block  mixtun  I 
delivered  to  the  press  molds  shall  be  not  less  than  2  25°F. 

The  mineral  aggregate,  inorganic  dust,  and  asphaltic  cement  in  the  pre  E 
proportions  shall  be  thoroughly  mixed  to  produce  a  homogeneous  mas:  ■ 
which  all  particles  are  thoroughly  coated  with  asphaltic  cement. 

The  blocks  shall  receive  a  compression  in  the  molds  of  not  less  than  4  t 
lb.  per  square  inch,  applied  on  the  5  by  12"  surface.  After  pressing  tit 
shall  be  cooled  by  passing  through  water  or  by  other  suitable  means. 

6.  Characteristics  of  Finished  Blocks.    Size  and  Shape. — jThe  blocks  si  [ 
be  5"  in  width  by  12"  in  lengths  unless  the  depth  required  is  less  than  2'' 
which  case  they  shall  be  4"  in  width  by  8"  in  length.     The  depth  shall  b  L 
shown  on  the  plans.     A  variation  either  way  from  these  dimensions  of 

in  length  or  H"  in  width  or  depth  will  be  sufficient  cause  for  rejection  of ;  f 
block. 

Composition. — The  composition  of  the  blocks,  as  delivered  on  the  wc  |  r 
6hall  conform  to  the  following  requirements: 

Retained  by  J£"  screen  (circular  openings) not  more  than  I 

Passing  W  screen  and  retained  by  20-mesh  sieve.. ...   30  to  60% 
Passing  20-mesh  sieve  and  retained  by  100-mesh  sieve.    15  to  35  % 

Passing  100-mesh  sieve  (including  all  fines) 20  to  40  % 

Passing  200-mesh  sieve not  less  than  15 

Bitumen  content 6>£  to  9  % 

Specific  Gravity. — The  blocks  shall  have  a  specific  gravity  of  not  less  tl 
2.3Sat77°F. 

Absorption  Test. — The  blocks  to  be  tested  shall  be  cleaned  of  loose  partic 
carefully  weighed,  placed  in  a  pressure  vessel  and  subjected  to  a  vacu 
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f  23"  for  1  hr.  at  room  temperature.  While  still  maintaining  the  vacuum, 
ater  shall  then  be  admitted  to  the  vessel  until  the  blocks  are  completely 
lmersed,  after  which  the  vacuum  shall  be  relieved  and  water  pressure 
irried  up  to  100  lb.  per  square  inch  and  there  maintained  for  1  hr.  The 
locks  shall  then  be  removed  from  the  vessel  and,  after  mopping  off  all 
irface  water,_  shall  be  carefully  weighed.  The  average  of  a  set  of  four 
locks  tested  in  this  manner  shall  show  absorption  not  exceeding  one-half 
:  1  per  cent  by  weight. 

Asphalt-block  Wearing  Surface 

15.  General  Requirement. — Asphalt-block  wearing  surfaces  for  concrete 
Dors  shall  be  placed  only  after  the  concrete  floor  has  been  thoroughly  cured. 

16.  Materials. — All  materials  used  in  the  construction  of  asphalt-block 
earing  surfaces  shall  conform  to  the  requirements  of  Division  II.  Sand 
r  the  mortar  bed  shall  conform  to  the  requirements  for  Grade  B  fine 
jgregate. 

17.  Preparation  of  Subfloor. — After  the  concrete  floor  slab  has  been  prop- 
ly  cured,  and  immediately  before  the  mortar  bed  is  placed,    the    surface 

the  slab  shall  be  thoroughly  hand  broomed  with  stiff-wire  or  fiber  brooms 
remove  all  dust  or  foreign  materials  adhering  to  the  surface. 

18.  Mortar  Bed. — The  mortar  bed  shall  consist  of  sand  and  Portland 
merit,  in  the  proportion  of  1  part  cement  to  4  parts  sand,  mixed  with 
fficient  water  to  moisten  the  ingredients  thoroughly  and  to  make  a  mortar 

such  consistency  that  it  can  easily  be  spread  upon  the  foundation  and 
ruck  with  a  template  to  a  smooth  and  even  surface.  It  must  not,  however, 
;  so  soft  as  to  allow  the  blocks  to  sink  into  the  mortar  when  they  are  placed 
ereon. 

The  mortar  bed  shall  be  spread  on  the  foundation  slab  and  evenly  dis- 
ibuted  thereon  in  a  uniform  layer  }£"  in  thickness.  The  bed  shall  be 
ruck  to  a  true  surface  exactly  parallel  to  the  top  of  the  finished  pavement 
the  following  manner: 

Wooden  strips  4"  wide  by  \-i"  thick,  or  strips  of  steel  4"  wide  by  H  to  Me" 
ick,  of  a  convenient  length  for  handling,  shall  be  carefully  set  from  curb 
curb  to  the  exact  crown  of  the  pavement  and  imbedded  throughout  their 
agth  in  the  mortar,  so  that  the  top  surface  of  the  strips  shall  be  below  the 
ade  of  the  finished  pavement  by  an  amount  equal  to  the  thickness  of  the 
ocks  and  not  less,  on  the  average,  than  Yi"  above  the  concrete.  An  iron- 
od  straight-edge  or  striker  shall  be  drawn  on  two  sets  of  these  strips,  set  as 
ove  described,  to  strike  the  mortar  bed  to  a  true  and  even  surface.  The 
ortar  bed  shall  be  showered  with  fresh  mortar  and  struck  off  as  many 
nes  as  is  necessary  to  produce  a  uniformly  dense  bed,  free  from  depressions 
porous  spots.  Special  care  shall  be  exercised  to  produce  a  bed  of  uniform 
nsity.  As  soon  as  the  mortar  bed  has  been  struck  off,  one  set  of  strips 
all  be  taken  up  and  the  trench  carefully  filled  with  mortar  so  that  it  will 
ve  the  same  height  and  density  as  the  adjacent  mortar. 
In  the  case  of  car  tracks,  a  template  to  run  on  the  rails  shall  be  used  to 
■ike  the  mortar  bed  to  the  required  grade  between  the  rails. 

19.  Laying  the  Blocks.— Upon  the  mortar  cushion  prepared  as  described 
ove,  the  blocks  shall  be  immediately  laid  with  close  joints  and  uniform  top 
rface. 

The  blocks  shall  be  laid  by  the  pavers  standing  upon  the  blocks  already 
d  and  not  upon  the  bed  of  mortar,  and  shall  be  laid  at  right  angles  to  the 
is  of  the  pavement  with  such  crown  as  is  shown  on  the  plans,  and  in  such  a 
inner  that  all  longitudinal  joints  shall  be  broken  by  a  lap  of  approximately 
_  The  blocks  shall  be  laid  so  as  to  make  the  lateral  joints  as  tight  as 
ssible,  consistent  with  keeping  a  good  alignment  across  the  pavement,  and 
ere  possible  the  longitudinal  joints  shall  be  immediately  closed  by  pressing 
zh  course  in  the  direction  of  its  length  with  a  lever. 

After  the  blocks  are  laid,  any  irregularities  in  the  surface  of  the  pavement 
11  be  corrected  and  the  pavement  immediately  covered  with  clean,  dry 
id,  all  of  which  shall  pass  a  10-mesh  sieve.  The  sand  shall  be  spread  over 
}  surface  and  swept  into  the  joints  and  shall  be  allowed  to  remain  on 
5  pavement  not  less  than  30  days,  or  until  such  time  as  the  action  of  the 
ffic  on  the  pavement  shall  have  thoroughly  ground  the  sand  into  all  the 
nts. 

so.  Opening  to  Traffic. — After  the  pavement  is  laid  and  sanded,  it  shall  be 
>tected  from  all  vehicle  traffic  for  a  period  of  at  least  7  days  and  for  a 
ger  period  if  directed  by  the  engineer. 
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21.  Measurement  and  Payment.— Payment  for  asphalt-block  wear 
surfaces  shall  include  the  cost  of  furnishing  all  materials,  equipment,  to< 
and  labor  necessary  for  the  satisfactory  completion  of  the  work.  Paym 
will  be  made  on  the  basis  of  the  number  of  square  yards  of  wearing  surf, 
complete  in  place. 

STATE  HIGHWAY  DEPARTMENT  OF  TEXAS 

Item  84.     Culverts  and  Retaining  Walls 

84.1.  Description. — All  concrete  and  masonry  culverts,  all  pipe  culve: 
headwalls,  and  retaining  walls  shall  be  built  as  indicated  on  the  plans,  c 
forming  to  line,  grade,  dimensions,  and  design  shown,  and  in  accorda: 
with  the  specifications  for  Concrete,  Masonry,  and  Pipe  of  the  seve 
varieties,  and  other  pay  items  which  are  to  constitute  the  complete  structm 

84.2.  Materials  and  material  requirements  shall  be  as  prescribed  for 
several  pay  items  involved. 

84.3.  Construction  Methods. — All  foundations  shall  be  inspected  1 
approved  by  the  engineer  previous  to  placing  any  masonry  of  footing, 
excavations  shall  be  carried  to  depth  of  foundation  materials  satisfact 
to  the  engineer  regardless  of  the  elevations  shown  on  the  plans,  and  uns' 
able  material  shall  be  replaced  with  approved  material  if  required, 
rock  bottom  is  secured,  the  excavation  shall  be  done  in  such  a  man 
as  to  allow  the  solid  rock  to  be  exposed  and  prepared  in  horizontal  beds 
receiving  the  masonry.     All  loose  and  disintegrated  rock  shall  be  removi 

84.4.  Pipe  culverts  under  the  roadbed  shall  be  so  placed  that  the  m 
mum  distance  from  finished  grade  of  roadway  to  the  top  of  pipe  shall  be 
provided  in  the  following  table: 

Table  of  Minimum  Depths  of  Good  Fill  or  Ballast  Over  Pip 

Culverts 
(On  center  line  of  roadway  C,  and  outer  edge  of  shoulder  S) 


Inside 
diameter 


Cast  iron 


Vitrified  clay 

and  corrugated 

galvanized 

metal 


Concrete 


Inside  I 
diamet< 


12" 
14" 
15" 
16" 
18" 
24" 
30" 
36" 
42" 
48" 


i'  o' 
1'  0' 

I*  o' 

i'  o' 

I'  0' 

I' 3' 

1' 6' 
1' 9' 
2'  0' 


8" 

i'  6" 

I'  0" 

I'  0" 

8" 

i'  6" 

i'  0" 

I-'  0" 

8" 

8" 

i'  6" 

1'  0" 

I'  0" 

8" 

8" 

2'  0" 

1'  0" 

1'  0" 

8" 

8" 

2'  6" 

i'o" 

I' 3" 

8" 

8" 

3'o" 

l'o" 

i'6" 

8" 

8" 

8" 

12' 

14' 
15' 
16' 
18' 

24' 

30' 
36' 

42' 
48' 


Note. — If  the  material  in  the  fill  contains  much  clay,  silt,  or  loam,  inert 
the  above  minimum  by  4". 

84.5.  When  pipe  is  of  the  bell-and-spigot  type,  the  bell  end  of  the  1 
shall  be  laid  up  grade  and  all  joints  shall  be  made  water  tight  with  1  1 
Portland-cement  mortar.     Before  succeeding  sections  of  pipe  are  laid, 
lower  portion  of  the  hub  of  the  preceding  pipe  shall  be  plastered  on 
inside  with  cement  mortar  of  sufficient  thickness  to  bring  the  inner  surfj 
of_  the  abutting  pipes  even.     After  the  pipe  is  laid,  the  remainder  of 
joint  shall  be  filled  with  similar  material,  and  sufficient  additional  mate 
shall  be  used  to  form  a  bead  around  the  joint.      The  inside  of  the  joint  s] 
be  wiped  and  finished  smooth.     After  initial  set,  the  cement  on  the  c 
side  shall  be  protected  from  the  air  and  sun  with  an  earth  covering, 
bottom    of   the    trench   shall   be   so   shaped  as  to  support  each  sectior 
the  pipe  the  full  length  of  the  body  and  shall  have  depressions  cut  to  t 
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the  bell  of  the  pipe.  Wherever  solid  rock  occurs  in  a  culvert  trench,  it  shall  be 
excavated  to  a  depth  of  at  least  6"  below  the  pipe  and  the  space  thus  made 
refilled  with  selected  fine  material.  In  like  manner,  earthy  material  that 
is  not  sufficiently  firm  to  support  the  pipe  uniformly  shall  be  excavated  and 
replaced  by  selected  fine  material.  In  refilling  the  pipe  trench  the  material 
for  backfill  shall  be  free  from  large  stones  for  a  depth  of  9"  around  the  pipe, 
and  shall  be  placed  carefully  under  and  around  the  pipe  and  tamped  to 
give  the  pipe  a  uniform  bearing  throughout.  The  ends  of  all  pipe  culverts 
shall  be  protected  by  concrete  or  masonry  headwalls  unless  otherwise  ordered 
by  the  engineer. 

84.6.  Method  of  Measurement. — The  quantities  of  the  various  pay  items 
which  constitute  the  completed  and  accepted  structures  shall  be  measured 
for  payment  according  to  the  plans  and  specifications  for  the  several  items. 
Only  accepted  work  shall  be  included  and  the  dimensions  used  shall  be  the 
neat  dimensions  shown  on  the  plans  or  ordered  in  writing. 

84.7.  Basis  of  Payment. — The  measured  quantities,  as  provided  above, 
shall  be  paid  for  at  the  contract  unit  prices  bid  for  the  several  items,  which 
prices  shall  be  full  compensation  for  furnishing,  hauling,  and  placing  all 
material,  all  labor,  equipment,  tools,  and  necessary  incidentals.  Such  pay- 
ment shall  constitute  full  payment  for  the  completed  structure  ready  for 
use.  Whenever  the  construction  of  the  new  structures  involves  the  removal 
or  demolition  of  an  exisiting  structure,  unless  otherwise  expressly  provided, 
such  removal  or  demolition  shall  not  be  paid  for  directly,  but  shall  be  con- 
sidered a  subsidiary  work  pertaining  to  excavation  or  to  prescribed  pay  items 
nvolved  in  the  work. 

Item  91.     Cast-iron  Pipe 

91. 1.  Description. — Under  this  item  cast-iron  pipe  conforming  to  these 
ipecifications,  of  the  sizes  and  dimensions  shown  on  the  plans,  shall  be 
urnished  and  placed  as  directed. 

91.2.  Materials. — Cast-iron  pipe  shall  be  of  good  quality,  of  the  bell-and- 
spigot  type,  and  all  pipe  shall  be  made  of  cast  iron  of  such  character  as  to 
oe  strong,  tough,  of  even  grain,  and  soft  enough  to  admit  of  satisfactory 
irilling  and  cutting;  the  metal  shall  be  made  without  any  admixture  of 
pinder  iron  and  other  inferior  metal,  and  the  surface  of  the  pipe  shall  be  free 
'rom  scales,  lumps,  blisters  and  holes,  and  other  defects  impairing  its  strength 
ir  utility;  it  shall  be  solid,  round  and  cast  vertical.  It  shall  be  in  sections 
lot  less  than  3'  in  length  and  with  the  inner  and  outer  surfaces  true  con- 

entric  cylinders.  It  may  be  plain,  smooth,  and  straight  cast-iron  water 
Dipe  or  it  may  be  approved  corrugated  cast-iron  or  approved  rib  cast-iron 
:ulvert  pipe.  Corrugations,  when  present,  shall  have  a  pitch  of  not  more 
han  3"  and  a  depth  of  not  less  than  H".,  The  pipe  shall  be  heated  to 
joo°F.  and  coated  inside  and  outside  by  dipping  in  coal-tar  pitch  or  varnish. 

91.3.  The  pipe  shall  have  a  minimum  thickness  and  weight  as  shown  in 
;he  following  tables,  and  no  pipe  shall  be  accepted  the  weight  of  which  is 
nore  than  5  %  less  than  the  weights  given: 

Inside  Diameter, 
Inches 
12 
16 
18 
24 
30 
36 

Corrugated  or  Ribbed  Cast-iron  Pipe 

Inside  Diameter,  Minimum  Thickness,  Weight  per  Foot, 

Inches  Inches  Pounds 

16  yi  60 

18  K  6s 

24  Me  90 

30  M«  us 

36  H  13s 

91.4.  The  pipe  shall  have  sufficient  strength  so  that  when  tested  with  the 
hree-point  standard  crushing  test,  as  prescribed  in  the  Bulletin  12 16,  it 
rill  show  a  load-supporting  capacity  in  pounds  per  linear  foot  of  at  least 
500 D,  where  D  equals  the  inside  diameter  of  the  pipe  in  feet. 


Plain  Cast-iron  Pipe 

Minimum  Thickness, 

Weight  per  Foot, 

Inches 

Pounds 

H 

50 

K* 

75 

H 

85 

h 

145 

% 

180 

w* 

250 

i568 
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91.5.  Pipe  weighing  s  %  or  more  less  than  the  required  standard  weigh 
shall  be  rejected. 

91.6.  Each  section  of  cast-iron  pipe  shall  be  coated  inside  and  outsid 
with  coal-tar  pitch  varnish,  to  which  sufficient  linseed  oil  has  been  added  t 
make  a  smooth  coat,  tough  and  tenacious  when  cold,  and  with  no  tendenc 
to  scale  off. 

91.7.  Method  of  Measurement  and  Basis  of  Payment. — This  item  sha 
be  paid  for  at  the  contract  prices  bid  per  linear  foot  of  Cast-iron  Pipe  < 
the  several  sizes  measured  complete  in  place,  which  prices  shall  be  full  con 
pensation  for  furnishing,  hauling,  and  installing  the  pipe,  for  preparation  < 
bed  and  backfilling,  and  for  all  material,  equipment,  tools,  labor,  and  inc 
dentals  necessary  to  complete  the  work,  but  shall  not  be  payment  for  excav; 
tion  nor  for  concrete  or  masonry  headwalls. 

Item  92.     Corrugated  Galvanized  Metal  Pipe 

92.1.  Description. — This  item  shall  consist  of  furnishing  and  placir 
corrugated  galvanized  metal  pipe  conforming  to_  these  specifications.  Tl 
pipe  shall  be  furnished  of  the  sizes  and  dimensions  required  and  shall  1 
installed  at  such  places  as  shown  on  the  plans  or  as  designated  by  the  eng 
neer  in  accordance  with  these  specifications,  and  in  conformity  with  the  lin 
and  grades  given. 

92.2.  Materials. — Corrugated  metal  pipe  shall  be  fabricated  from  corrugati 
sheets,  the  base  metal  of  which  shall  be  made  by  the  open-hearth  proces 
The  base  metal  in  the  finished  sheets  shall  conform  to  the  following  chemic 
requirements: 

The  total  amount  of  carbon,  phosphorus,  sulphur,  manganese  and  silic< 
shall  not  exceed  0.7  %.  If  the  total  of  these  five  elements  equals  or  excee 
0.20%,  the  metal  shall  contain  not  less  than  0.17%  of  copper  and  not  mo 
than  0.06  %  of  sulphur.  If  the  total  of  these  five  elements  is  less  than  0.20' 
the  presence  of  copper  is  optional  and  sulphur  shall  not  exceed  0.04%. 

Note. — A  permissible  variation  of  0.04  %  will  be  allowed  for  total  impu 
ties  and  0.0 1  %  for  sulphur  in  analysis  of  finished  sheet. 

92.3.  Rivets. — All  rivets  shall  be  of  the  same  material  as  the  base  mel 
specified  for  the  corrugated  sheets.  They  shall  be  thoroughly  galvaniz 
or  sherardized. 

92.4.  Weight  Tolerance. — The  average  weight  per  square  foot  of  the  c 
vert  sheets,  as  determined  by  weighing  in  lots  not  exceeding  6000  lb.,  sh 
not  vary  from  the  theoretical  weight  by  more  than  5  %  either  way  for  ea 
lot  of  one  gage  or  size. 

92.5.  Spelter. — The  base  metal  sheets  shall  be  uniformly  galvanized 
both  sides  by  the  hot  process.  A  uniform  coating  of  Prime  Western  Spell 
shall  be  applied  at  the  rate  of  not  lessthan  2  oz.  per  square  foot  of  met 
If  the  average  spelter  coating  as  determined  from  samples  shows  less  thar 
oz.  of  spelter  per  square  foot  of  metal,  or  if  any  one  sample  shows  less  th 
1.8  oz.  of  spelter  per  square  foot  of  metal,  the  shipment  shall  be  reject* 
Sheets  having  blister  spots,  holes,  or  other  imperfections  in  the  galvanizi 
after  corrugating  shall  be  rejected. 

92.6.  Bidders  shall  state  in  the  proposal  the  typical  chemical  compositic 
brand  of  metal,  trade  name,  and  name  of  manufacturer  of  the  material  to 
furnished. 

92.7.  No  metal  shall  be  accepted  under  these  specifications  and  no  bi 
shall    be  considered  for  the  materials  above  described  until  after  the  sh<| 
manufacturer's  certified  analysis  and  manufacturer's  guarantee  shall  ha  j 
been  passed  upon  by  the  engineer  and  accepted. 

92.8.  Misbranding,   or   other   misrepresentation,   and   non-uniformity 
product  shall  each  be  considered  a  sufficient  reason  to  discontinue  the  acce] 
ance   of  any  brand  under  these  specifications,  and  the  notice  of  discontm 
anee  of  any  brand  sent  to  the  sheet  manufacturer  shall  be  considered  to 
notice  to  any  culvert  companies  which  handle  that  particular  brand. 

92.9.  The  manufacturer  of  each  brand  shall  file  with  the  engineer  a  certi 
cate  setting  forth  the  name  or  brand  of  metal  to  be  furnished  and  a  typi( 
analysis  showing  the  percentage  of  each  of  the  five  above-mentioned  chemic 
elements.  The  certificate  shall  be  sworn  to  for  the  manufacturing  compa 
by  a  person  having  legal  authority  to  bind  the  company. 

92.10.  The  manufacturer  of  the  sheets  shall  submit  with  the  certifi 
analysis  a  guarantee  providing  that  all  metal  furnished  shall  conform  to  t 
certified  analysis  filed,  shall  bear  a  suitable  identification  brand  or  mai 
and  shall  be  replaced  without  cost  to  the  purchaser  when  not  in  conformi 
with  the  specified  analysis,  gage,  or  spelter  coating,  and  the  guarantee  sh 
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De  so  worded  as  to  remain  in  effect  as  long  as  the  manufacturer  continues  to 
urnish  material. 

92.11.  No  culverts  shall  be  accepted  unless  the  metal  is  identified  by  a 
tamp  on  each  section  showing: 

1.  Name  of  sheet  manufacturer. 

2.  Name  of  brand. 

3.  The  gage. 

92.12.  The  identification  brands  shall  be  placed  on  the  sheets  by  the  manu- 
acturers  of  the  sheets,  in  such  a  way  that  when  rolled  into  culverts  such 
dentification  shall  appear  on  the  outside  of  each  section  of  each  pipe.  Pipe 
laving  any  section  not  so  stamped  shall  be  promptly  rejected. 

92.13.  Laboratory  tests  shall  follow  the  methods  of  the  U.  S.  Department 
f  Agriculture  Bulletin  12 16.  The  analysis  made  by  the  chemists  or  inspec- 
ion  bureau  designated  or  approved  by  the  engineer  shall  be  taken  as  final,  but 
efore  any  considerable  shipment  is  rejected,  a  check  analysis  shall  be  made. 

92.14.  If  the  engineer  so  elects,  he  may  have  the  material  inspected  at  the 
oiling  mill  or  the  culverts  inspected  in  the  shop  where  they  are  fabricated. 
le  may  require  a  chemical  analysis  from  the  mill  for  any  heat  and  also  a 
hysical  test  of  the  properties  of  the  metal  taken  from  any  heat,  to  be  made 
y  the  mill.  _  The  inspection  both  at  the  mill  and  at  the  shop  shall  be  made 
nder  the  direction  of  the  engineer.  The  engineer,  or  his  representative, 
hall  have  free  access  to  the  mill  or  shop  for  inspection  purposes,  and  every  facil- 
y  shall  be  extended  to  him  for  this  purpose.  Any  material  or  pipe 
lcluded  in  any  shipment  which  has  been  rejected  at  the  mill  or  shop  will  be 
Dnsidered  sufficient  cause  for  the  rejection  of  the  entire  shipment. 

92.15.  All  rivets  shall  be  driven  cold  in  such  a  manner  that  the  plates 
lall  be  drawntightly  together  throughout  the  entire  lap.      No  rivet  shall  be 

oser  than  twice  its  diameter  from  the  edge  of  the  metal.  All  rivets  shall 
ave  neat, workmanlike, and  full  hemispherical  heads  or  heads  of  a  form  accept- 
ble  to  the  engineer,  shall  be  driven  without  bending,  and  shall  completely 
11  the  hole.  Longitudinal  seams  of  30  and  36"  pipe  shall  be  double  riveted, 
ircumferential  shop-riveted  seams  shall  have  a  maximum  rivet  spacing  of 
I  and  shall  lap  at  least  one  full  corrugation,  except  that  six  rivets  will  be 
ifficient  in  12"  pipe. 

92.16.  If  a  band  is  used  for  end  finish,  it  shall  be  riveted  around  the  end 
f  the  culvert  with  rivets  at  intervals  of  10"  or  less.  This  band  shall  be  of 
ilvanized  metal  equivalent  in  cross-section  to  $•£  by  l"  for  16-gage  metal, 
i  by  1 W  for  14-gage  and  12-gage  metal. 

Special    Construction 

92.17.  Shape. — Pipe  furnished  under  these  specifications  shall  be  of  the 
ill-circle  riveted  type,  with  lap-joint  construction. 

92.18.  Minimum  Sizes  Admitted. — For  farm-entrance  crossings,  the 
tinimum  diameter  of  pipe  shall  be  1 2".  For  roadway  culverts,  the  minimum 
iameter  permitted  shall  be  15". 

92.19.  Dimensions  and  Weights. — The  length  of  sheets  and  widths  of  lap 
lall  be  as  shown  in  the  following  table.  The  dimension  given  in  diameter 
r  pipe  is  nominal. 

The  gage  of  the  uncoated  metal  and  weight  per  foot  of  the  finished  culvert 
lall  not  be  less  than  specified  in  the  table.  All  gages  given  are  United  States 
tandard  Gage  (U.  S.  S.  G.)  and  the  maximum  variation  allowable  in  any 
leet  is  5  %  either  way  from  the  theoretical  weight.  The  total  weight  of  any 
lipment  of  100  sheets  or  more  shall  not  underrun  the  theoretical  weight  by 
.ore  than  2  %. 


Nominal  diameter, 
inches 


Minimum  gage  U.  S. 

Standard,  uncoated 

metal 


Weight  per  foot,  finished 
culvert,  pounds 


12 
IS 
18 
21 
24 
30 
36 


16 
16 
16 
14 
14 
14 
12 


10.8 
13- 1 

IS- 7 
22  .6 
25-4 
31-9 
52. 0 
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93.20.  Net  Length  of  Culvert  Pipe. — The  length  of  culvert  specified  sh 
be  the  net  length  of  the  finished  culvert,  which  does  not  include  any  mater 
used  to  procure  an  end  finish  on  the  pipe.     If  the  average  deficiency 
length  of  any  shipment  of  pipe  is  greater  than  1%,  the  shipment  shall 
rejected. 

92.21.  Lengths  of  Sections. — All  pipe  shall  be  furnished  in  the  lengt 
ordered,  except  that  pipe  for  culverts  26'  or  more  in  length  may  be  furnish 
in  sections  not  less  than  12'  in  length.  Where  bands  or  couplings  ? 
required,  a  separate  unit  price  shall  be  submitted  for  each  size  necessai 
such  price  to  cover  material  and  installation.  For  small  shipments  involvi 
less  than  carload  lots,  the  above  requirements  may  be  modified  by  writt| 
authorization  from  the  engineer. 

92.22.  Corrugations. — Corrugations  shall  be  not  less  than  2XA  nor  mc 
than  2^4"  center  to  center.  The  corrugations  shall  have  a  depth  of  not  h 
than  W. 

92.23.  Field  joints  shall  be  made  with  bands  of  the  same  material  as  1 
culvert,  and  shall  be  not  less  than  lW  wide,  so  constructed  as  to  lap 
equal  portion  of  each  of  the  culvert  sections  to  be  connected.  Such  bar 
shall  be  connected  at  the  ends  by  angles  having  minimum  dimensions 
1  Vi  by  i\i  by  }&",  and  of  length  equal  to  full  width  of  band,  or  by  otl 
approved  connections  of  suitable  strength.  Each  connection  shall  be  f 
tened  by  at  least  two  bolts  not  less  than  \(i"  in  diameter.  All  such  conn 
tions  shall  be  made  of  galvanized  metal  of  the  same  quality  as  the  b;| 
metal  in  the  culvert. 

92.24.  It  is  the  essence  of  these  specifications  that,  in  addition  to  co 
pliance  with  the  details  of  construction,  the  completed  pipe  shall  show  ca 
ful,  finished  workmanship  in  all  particulars. 

92.25.  Culvert  pipe  on  which  the  spelter  coating  has  been  bruised  or  brol 
either  in  the  shop  or  in  shipping,  or  which  shows  defective  workmanst 
shall  be  rejected.  This  requirement  shall  apply  not  only  to  the  individ 
pipe  but  to  the  shipment  on  any  contract  as  a  whole.  Among  others, 
following  defects  are  specified  as  constituting  poor  workmanship,  and 
presence  of  any  or  all  of  them  in  any  individual  culvert  pipe  or,  in  gene 
in  any  shipment,  shall  constitute  sufficient  cause  for  rejection: 

Uneven  laps. 

Elliptical  shaping. 

Variation  from  a  straight  center  line. 

Ragged  or  diagonal  sheared  edges. 

Loose,  unevenly  lined  or  spaced  rivets. 

Poorly  formed  rivet  heads. 

Unfinished  ends. 

Illegible  brands. 

Lack  of  rigidity. 

Bruised,  scaled  or  broken  spelter  coatings 

Dents  or  bends  in  the  metal  itself. 

92.26.  The  field  inspection  shall  be  made  by  the  engineer,  who  shall 
furnished  by  the  contractor  with  an  itemized  statement  of  the  sizes  ; 
lengths  of  culvert  pipe  in  each  shipment.  _  This  inspection  shall  include 
examination  of  the  culvert  pipe  for  deficiencies  in  lengths  of  sheets  u: 
nominal  specified  diameter,  net  length  of  finished  culvert^  pipe,  and 
evidence  of  poor  workmanship  as  outlined  above.  The  inspection  n 
include  the  taking  of  samples  for  chemical  analysis  and  determinatioi 
weight  of  spelter  coating.  The  inspection  shall  be  made  promptly  uj 
notification  by  the  contractor  of  the  arrival  of  the  material. 

92.27.  The  pipe  making  up  the  shipment  shall  fully  meet  the  requireme 
of  these  specifications,  and  if  50  %  of  the  pipe  in  any  shipment  fails  to  n: 
these  requirements,  the  entire  shipment  may  be  rejected. 

92.28.  When  samples  are  taken  for  chemical  analysis  and  determinat 
of  weight  of  spelter  coating,  at  least  one  sample  from  which  a  specimen  2 
square  may  be  prepared  shall  be  selected  from  each  ten  culverts  of  a  shipme 
and  not  less  than  three  samples  shall  represent  any  one  shipment. 

92.29.  The  pipe  shall  be  laid  in  the  trench  with  the  separate  sections  fin 
joined   together   and   with   outside  laps   of  circumferential   joints  point    \ 
up  stream  and  with  longitudinal  laps  on  the  sides.     Any  metal  in  joi   fe 
which   is   not   thoroughly   protected  by  galvanizing  shall  be  coated  wit    y- 
suitable  asphaltum  paint. 

92.30.  Method  of  Measurement  and  Basis  of  Payment. — This  item  si 
be  paid  for  at  the  contract  prices  bid  per  linear  foot  of  Corrugated  Galvani 
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letal  Pipe  of  the  several  sizes  measured  complete  in  place,  which  price  shall 
e  full  compensation  for  furnishing,  hauling,  and  installing  the  pipe,  for 
reparation  of  bed  and  backfilling,  and  for  all  material,  equipment,  tools, 
ibor,  and  incidentals,  but  shall  not  be  payment  for  excavation  nor  for 
ancrete  or  masonry  headwall. 

Item  93.     Vitrified  Clay  Pipe 

93.1.  Description. — Under  this  item  vitrified  clay  pipe  conforming  to  these 
pecifications,  of  the  sizes  and  dimensions  shown  on  the  plans,  shall  be 
lrnished  and  placed  as  directed. 

93.2.  Materials  and  Manufacture. — Vitrified  clay  pipe  shall  be  of  the  hub- 
nd  spigot  type,  of  first  quality,  sound,  thoroughly  and  perfectly  burned, 
ithout  warps,  cracks,  or  other  imperfections,  and  shall  be  fully  and  smoothly 
lazed  over  the  entire  inner  and  outer  surfaces,  except  that  the  inside  of  the 
ub  and  the  outside  of  the  spigot  may  be  unglazed  for  two-thirds  of  the  depth 
t  the  hub.  On  all  other  portions  of  the  pipe,  the  glazing  shall  completely 
Dver  and  form  an  integral  part  of  the  pipe  body.  If  glazed,  the  inside  of 
le  hub  and  the  outside  of  the  spigot  shall  be  scored  in  three  parallel  lines 
ttending  completely  around  the  circumference.  This  pipe  shall  be  manu- 
ictured  of  a  suitable  temperature  to  secure  a  tough,  vitreous  material 
hich,  when  broken,  shall  show  a  tense  and  solid  body,  without  detrimental 
-acks  or  laminations.     It  shall  be  of  such  toughness  that  it  may  be  cut  with 

chisel  and  hammer,  and  when  struck  with  a  hammer  shall  give  a  metallic 
ng.     r 

93.3.  The  pipe  shall  have  sufficient  strength  so  that  when  tested  with  the 
iree-point  standard  crushing  test,  as  prescribed  in  the  U.  S.  Department  of 
griculture  Bulletin  12 16,  it  will  show  a  load-supporting  capacity  in  pounds 
sr  linear  foot  of  at  least  1500D,  where  D  equals  the  inside  diameter  of  the 
ipe  in  feet,     -jm 

93.4.  The  minimum  length  of  sections,  thickness,  and  the  depth  of  hub 
lall  be  as  follows: 


Size,  inches 

Minimum  length. 

Thickness, 

Depth  of  hub, 

feet 

inches 

inches 

12 

2 

1 

3 

is 

2 

iH 

3 

18 

2 

iH 

3K 

20 

2 

1% 

3H 

22 

2 

iH 

3H 

24 

2 

2 

4 

27 

*H 

2H 

4 

30 

2H 

2H 

4 

33 

2M 

2H 

S 

36 

2H 

2^ 

s 

42 

2H 

3M 

s 

93.5.  Method  of  Measurement  and  Basis  of  Payment. — This  item  shall  be 
.id  for  at  the  contract  prices  bid  per  linear  foot  of  Vitrified  Clay  Pipe  of 
le  several  sizes  measured  complete  in  place,  which  prices  shall  be  full  com- 
nsation  for  furnishing,  hauling,  and  installing  the  pipe,  for  preparation  of 
ed  and  backfilling,  and  for  all  material,  equipment,  tools,  labor,  and 
cidentals  necessary  to  complete  the  work,  but  shall  not  be  payment  for 
xavation  or  for  concrete  or  masonry  headwalls. 

Item  94.     Relaying  Culvert  Pipe 

94.1.  Description. — This  item  shall  consist  of  the  careful  removal  and 
reserving  of  pipe  from  existing  pipe  culverts  as  ordered  and  relaying  the 
ime  as  shown  on  the  plans  or  as  designated  by  the  engineer  in  accordance 
ith  these  specifications  for  the  type  of  pipe  involved  and  in  conformity 
ith  the  lines  and  grades  given. 

94.2.  Method  of  Measurement. — This  item  shall  be  measured  by  the 
:tual  number  of  linear  feet  of  pipe  complete  in  place  as  required. 

94.3.  Basis  of  Payment. — This  item  measured  as  provided  above  shall  be 
id  for  at  the  contract  unit  price  bid  per  linear  foot  for  Relaying  Culvert 
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Pipe  1 8"  diameter  and  under  or  Relaying  Culvert  Pipe  over  18"  diamefc 
as  the  case  may  be,  which  price  shall  be  full  compensation  for  the  remov 
preservation,  and  relaying  of  the  pipe,  all  new  material  necessary  exce 
pipe,  all  labor,  equipment,  tools,  and  incidentals  necessary  to  complete  t 
work,  but  shall  not  be  payment  for  excavation,  nor  for  concrete  or  mason 
headwalls. 

Item  1 01.     Sodding 

ioi.i.  Description. — This  item  shall  consist  of  providing  and  planti 
approved  live  sod  on  earth  slopes  or  shoulders,  when  and  as  directed 
protection  against  erosion. 

101.2.  The  sods  shall  be  of  suitable  size,  variety,  and  character  for  1 
purpose  selected  and  for  the  soil  upon  which  they  are  to  be  planted, 
vigorous  and  hardy  growth,  and  approved  by  the  engineer. 

101.3.  On  embankments  constructed  on  soil  which  is  easily  eroded  or 
sections  subject  to  overflow,  and  where  climatic  conditions  are  favorable 
the  easy  rooting  of  Bermuda  Grass,  Rescue  Grass,  Bur  Clover,  or  Japan 
Clover  and  if  in  the  opinion  of  the  engineer  it  is  necessary,  the  contractor  sr 
provide  and  plant  as  directed,  such  sods,  or  tufts  of  some  suitable  grass. 

101.4.  Where  sodding  is  to  be  done,  tufts  of  suitable  grass  shall  be  plai 
on  slope  just  underneath  the  shoulder  line  so  as  to  form  one  continuous  st 
of  turf  3"  wide  and  on  remainder  of  slope  and  upon  shoulders  similar  tv 
of  grass  about  3"  in  diameter  shall  be  spaced  approximately  12"  centei 
center  in  rows.  Sodding  shall  be  done  at  such  times  as  the  engineer  n 
direct  and  in  such  manner  that  the  grass  will  at  once  take  root. 

101.5.  Basis  of  Payment. — Sodding  completed  and  accepted  _  by 
engineer  will  be  paid  for  at  the  contract  unit  price  bid  per  100  lin.  ft. 
roadway  sodded  on  both  sides  to  the  width  required  by  the  engineer,  wb 
price  shall  be  full  compensation  for  furnishing  and  planting  the  sod, 
labor,  equipment,  tools,  and  incidentals  necessary  to  complete  the  wc 
The  average  width  of  sodding  for  the  unit  price  bid  shall  be  construed 
mean  an  average  width  of  not  over  30'. 


PART  IV 

GENERAL  TABLES  AND  FORMULAE 

Conversion  Table 


inear  Units 


Old  Surveyors'  Units 

i  link    =7.92  in. 

100  links  =  1  chain  =  66  ft. 

25  links  =  1  rod      =  16.5  ft. 

Ordinary  Measure 

12  in.  =  1  ft. 

3  ft.  =  1  yd. 

5280  ft.  =  1  mile 

quare  Units 

1  sq.  ft.      =  144  sq.  in. 

1  sq.  yd.     =  9  sq.  ft. 

=  1296  sq.  in. 

1  acre         =  43,560  sq.  ft. 

=  4840  sq.  yds. 

1  sq.  mile  =  27,878,400  sq.  ft. 

=  3,097,600  sq.  yds. 

=  640  acres 

'olume  Units 

1  cu.  ft.              =  1728  cu.  in. 

=  7.4805  ordinary  gal 

=  6.232  Imperial  gal. 

1  cu.  yd.             =27  cu.  ft. 

=  46,656  cu.  in. 

1  ordinary  gal.  =  231  cu.  in. 

1  Imperial  gal.  =  277  cu.  in. 

1  barrel               =  31 .5  gal. 

=  4.21  cu.  ft. 

T eight  Units 

1  pound  =16  ounces 

1  ordinary  ton  =  2000  pounds 
1  long  ton  =  2240  pounds 


'emperature  Units 
reezing  point  of  water 

oiling  point  of  water  at  normal  air 
pressure 


=  32 
=     oc 


Fahrenheit 
Centigrade 


degree  Fahrenheit 
degree  Centigrade 


=  212°  Fahrenheit 

=  ioo°  Centigrade 

=  0.5556  degree  Centigrade 

=  1.8  degrees  Fahrenheit 
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Table  of  Equivalents  of  Inches  and  Fractions  of  Inches 
Decimals  of  a  Foot 


In. 

o  In. 

1  In. 

2  In. 

3  In- 

4  In. 

5  In. 

3 
32 

.0026 
.0052 
.0078 

-°^33 
.0859 
.0885 
.0911 

.1667 
.1693 
.1719 
.1745 

.2500 
.2526 

•2552 
.2578 

•3333 
•3359 
•3385 
•3411 

4167 

4193 
.4219 

4245 

1 

5 
32 

8 
ljS 

.0104 
.0130 
.0156 
.0182 

.0938 
.0964 
.0990 
.1016 

.1771 
.1797 
.1823 
.1849 

.2604 
.2630 
.2656 
.2682 

.3438 
.3464 
•349o 
•35l6 

.4271 

4297 
4323 
4349 

i 

9 

5 
16 

u 

.0208 
.0234 
.0260 
.0286 

.1042 
.1068 
.1094 
.1120 

.1875 
.1901 
.1927 

.1953 

.2708 

•2734 
.2760 
.2786 

•3542 
•3568 

•3594 
.3620 

4375 
.4401 

.4427- 
4453 

1 

1  3 

JL 
16 
1  5 
3~2 

•°339 

•°365 
.0391 

.1146 
.1172 
.1198 
.1224 

.1979 
.2005 
.2031 
.2057 

.2813 
.2839 
.2865 
.2891 

.3646 
.3672 
.3698 
•3724 

4479 
•45°5 
4531 
4557 

J 

II 

9 
T6 

n 

.0417 

•o443 
.0469 

•049S 

•1253 
.1276 

.1302 

.1328 

.2083 
.2091 

•2135 
•2l6l 

.2917 

•2943 
.2969 

•2995 

•375° 
•3776 
.3802 
.3828 

4583 
.4609 

4635 
.4661 

§ 

H 
II 

.0521 

•0547 
•°573 
•°599 

•1354 
.1380 
.1406 
.1432 

.2188 
.2214 
.2240 
.2266 

.3021 

•3°47 
•3°73 
•3°99  • 

•3854 
.3880 
.3906 
•3932 

.4688 

.47 14* 

.4740 
4766 

1 
H 

11 
11 

.0625 
.0651 
.0677 
.0703 

.1458 
.1484 
.1510 
•i536 

.2292 
.2318 

.2344 

.2370 

•3I25 

>3l77 
•32°3 

.3958 
•3984 
.4010 
.4036 

4792 
.4818 

4844 
.4870 

I 
II 

it 
H 

.0729 

•o755 
.0781 

.0807 

•1563 
.1589 

.1615 

.1641 

.2396 
.2422 
.2448 
.2474 

.3229 

•3255 
.3281 

•33°7 

.4063 
.4089 

4115 
.4141 

.4896 
4922 
.4948 

4974 
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Equivalents  or  Inches  and  Fractions  of  Inches  in  Decimals 

of  a  Foot 


n.    6  In. 

7  In. 

8  In. 

9  In. 

10  In. 

11  In. 

.5000 
1    .5026 

1   -5°52 
I   -5078 

•5833 
•5859 

.5885 

•59 1 1 

..6667 
.6693 
.6719 
•6745 

.7500 
.7526 

•7552 
.7578 

•8333 
.8359 
.8385 
.8411 

.9167 

•9193 
.9219 

.9245 

\       -5i°4 

k      -5156 
I   .5182 

.5938 

•5964 

•599° 
.6016 

.6771 
.6797 
.6823 
.6849 

.7604 
.7630 
.7656 
.7682 

.8438 
.8464 
.8490 
.8516 

.9271 
•9297 
•9323 
•9349 

:   -5208 
1   -5234 
s      -5260 
\      .5286 

.6042 
.6068 
.6094 
.6120 

.6875 
.6901 
.6927 
•6953 

.7708 

•7734 
.7760 
.7786 

.8542 
.8568 

•8594 
.8620 

•9375 
.9401 

.9427 
•9453 

•53i3 
1   -5339 
z      -5365 
1   -539i 

.6146 
.6172 
.6198 
.6224 

.6979 

.7005 
.7031 

•7°57 

.7813 
•7839 
.7865 
.7891 

.8646 
.8672 
.8698 
.8724 

•9479 
•9505 
•953i 
•9557 

•54i7 
I       -5443 
1   -5469 
\      -5495 

.6250 
.6276 
.6302 
.6328 

.7083 
.7109 

•7i35 
.7161 

.7917 

•7943 
.7969 

•7995 

.8750 
.8776 
.8802 
.8828 

•9583 
.9609 

•9635 
.9661 

|   -552i 

•5547 

\      -5573 

1   -5599 

•6354 
.6380 
.6406 
.6432 

.7188 
.7214 
.7240 
.7266 

.8021 
.8047 
.8073 
.8099 

.8854 
.8880 
.8906 
.8932 

.9688 
.9714 

.9740 
.9766 

•5625 
11    -5651 

3  \  .5677 
\  .5703 

.6458 
.6484 
.6510 
•6536 

.7292 
.73i8 
•7344  . 
•737o 

.8125 
.8151 
.8177 
.8203 

.8958 
.8984 
.9010 
.9036 

•9792 
.9818 
.9844 
.9870 

4 
•5729 

3 1    .5755 

5 1  -5781 

;    -5807 

•6563 
.6589 
.6615 
.6641 

•7396 
.7422 
.7448 
•7474 

.8229 

.8255 
.8281 

.8307 

.9063 
.9089 

•9115 
.9141 

.9896 
.9922 
.9948 
•9974 

i 

1 

I 
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GENERAL  TABLES 
Table  of  Areas  and  Volumes 


1    7T     

h 

<--b->l  v    U----b > 


"~ ~7l 


Squares,  Rectangles,  and  Parallelograms.     Area  =  bh 


l*--b-H 


b'  -— I 


K b M  K b 

Triangles        Area  =  ^  bh 


K b  ---* 

Trapezoids     Area 


K b-~*  i<-b->t 

5  +  6' 


Ctrc/es 
Area  =    n  R2  =  - 


Z> 


Circumference  of  Circle  —  2  n  R  =  *  D 
Commonly  used  value  of   n  =  3.1416 


h R ^ 


Sector  of  Circle 


Area  =    n  R2 


36oc 


Segment  of  a  Circle 


Area 


£! 


36 


^-((^(tfcosf)) 


:. 


Area  of  Parabolic  Segment 
Area  =  %  Middle  Ordinate  X  Chord. 
Volumes 

Cubes,  Rectangular  Prisms,  Parallelopipeds,  Cylinders,  etc. 
solids  having  parallel  bases  and  a  constant  cross-section. 

Volume  =  area  of  base  X  perpendicular  height  between 
planes  of  the  bases. 

f3>    f^i 


<P 


t 
■ 


h    ' 


hedges.     Having  parallel_ ends. 
Volume  =  area  of  base  X  ^  the  height  perpen< 
ular  to  the  plane  of  the  base. 


VOLUMES 
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Cones  and  Pyramids,  whether  right  or  oblique,  regular  or  irreg- 
lar. 

Volume  —  \  area  of  the  base  X  height  perpendicular  to  the 
lane  of  the  base 


Frustums  of  Pyramids  or  Cones,  whether  right  or  oblique,  reg- 
lar  or  irregular  provided  the  base  and  top  are  parallel. 


X 


olume  =  \  perpendicular 
eight  between  base  and  top 
r  by  the  prismoidal  formula 

Volume 
■\  perpendicular  height  X 
between  base  and  top 


ItOf 


area    ,    area    .       [area 

"*"  base  +  V1 


X 


area 


top    ^  base 


area  .  4  X  area  of  section  parA 

top +base  +  rlel    to   and   midway) 

between  base  and  top  ' 


'rismoidal  Formula 

Trautwine  defines  a  prismoid  as  a  solid  having  for  its  end3 
no  parallel  plane  figures  connected  by  other  plane  figures  on 
inch  and  through  every  point  of  which  a  straight  line  may  be 
rawn  from  one  of  the  two  parallel  ends  to  the  other.  These 
mnecting  planes  may  be  parallelograms  or  not  and  parallel  to 
ich  other  or  not.  This  includes  cubes,  all  parallelopipeds, 
risms,  cylinders,  pyramids,  cones,  and  their  frustums,  provided 
le  top  and  base  are  parallel  and  wedges. 

The  prismoidal  formula  applies  to  all  these  solids  either  alone 
to  any  form  that  can  be  separated  into  units  of  the  above 
irms. 

rismoidal  formula; 


Volume  =  h  X 


A  +  a  -\-  4M 


h  =  perpendicular  distance  between  the  parallel  ends 
A  =  area  of  one  of  the  parallel  ends 
a  =  area  of  the  other  parallel  end 
M  =  area  of  a  cross-section  midway  between  and  parallel  to 
the  two  parallel  ends 
bhere 

Volume  =  f  n  FJ  =  4.1888  R3 

=  in  Dz  =  0.5236  D3 

In  which  R  =  radius  of  sphere 

D  =  diameter  of  sphere 
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GENERAL  TABLES 


Table    of    Trigonometric  Functions  and  the  Solution  c 

Triangles 


In  the  accompanying  figure  the  trig- 
onometric functions  of  the  angle  A 
between  the  lines  B  A  and  A  C  are 
as  follows; 


sin  A 

=  BC 

cos  A 

=  AC 

tan  A 

=  EF 

cot  A 

=  G  H 

sec  A 

=  A  E 

cosec  A 

=  A  H 

ex-sec  A 

=  B  E 

In  the  right-angled  triangle  ABC 
let  a  equal  the  side  B  C  opposite  the 

angle  A;  let  b  equal  the  side   A  C  opposite  the  angle  B;   let 
equal  A  B,  the  side  opposite  the  angle  C. 

Let  C  =  oo° 

The  following  formulae  apply  to  right-angled  triangles: 


Angles.     A  +  B  +  C  =  1800 
A  +  B  =    oo° 

A  =    oo°  -  B 
B  =     go0  — A 


Sides. 


a  =c  sin  A  —  b  tan 
a  =  V  (c  +  b)  (c- 


ccos.  A  =- 


a 


tan  y 


sin  A 
cos  A 

tan  A 


Area 


area  = 


ab 


b  =  V  (c  +  a)  (c 


c  = 


Oblique  Triangles. 

Note.  Where  an  angle  is 
more  than  oo°  its  sine,  cosine, 
and  tangent  are  equal  to  that 
of  the  angle  (1800  —  the  angle 
in  question);  that  is,  if  the  sine 
of  i2o°  is  desired  take  the  sine 
of  (1800  -  120°)  =  6o°. 


sin  A      cos  A 

c  =  V  a2  +  b2 

A 

/    \ 


TRIGOMETRIC  FORMULAE 
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Given 


A,B,  a 


A,  a,  b 


Desired 


Formulae 


C,  b 

c,  K 


B,C 


C  -  180  —  (A  +  B);    b  = 


a 


sin  B 


c  = 


sin  A 


sin  (.4  +B);K  = 


sin  A 

a2  sin  B  sin  C 
2  sin  4 


sin  B 


sin  A 


b;     C  =  1S00-  (A  +  5) 


f  = 


sin  A 


sin  C 


Two  solutions  are  possible  with  B'  as  an  acute  angle 
and  B  as  an  obtuse  angle 


C,  a,  b 


I  (A+B) 

h(A-B) 

A  B 


K 


I  {A+B)  =90°  -  \C 

tan  \{A  -B)  =  ^\       tan  iU+B) 
a  -\-  0 

A-\{A+B)  +  \{A  -B) 

B-\(A+B)  -\{A-B) 

c  =  (a-b)^^A+B) 


sin  I  {A  -  B) 


K  =  h  ab  sin  C 


a,  b,  c 


B 


In  the  following  formula  s  =  \  {a  -f-  6  +  c) 

sinM    =1/  (J  ~  fl)  (J  ~  c) 
V  ac 

.     D       2  y/  S  Q  -  a)  (s  -  b)   (s  -  c) 

sin  r>  = — 

ac 

K  =  V  s  {s  -a)   (s  -  b)   (s  -  c) 
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Table 

of  Squares,  Cubes,  Square  Roots 

Cube  Roots,  Cir- 

CUMFERENCES   AND    CIRCULAR   AREAS   OF   NOS.    FROM 

I    TO    520  1 

No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circum. 

Area 

I 

I 

I 

I  .OOOO 

I  .OOOO 

3.142 

O.785 J 

2 

4 

8 

14142 

I.2599 

6.283 

3-l4l< 

3 

9 

27 

I.7321 

I.4422 

9-425 

7.068*' 

4 

16 

64 

2  .OOOO 

1.5874 

12.566 

12.566J 

5 

25 

125 

2.2361 

1. 7IOO 

15.708 

I9.635M 

6 

36 

216 

2-4495 

I.8171 

18.850 

28.274 

7 

49 

343 

2.6458 

1. 91 29 

21.991 

38.484 

8 

64 

512 

2.8284 

2  .OOOO 

25-I33 

50.265. 

9 

81 

729 

3.OOOO 

2.o8oi 

28.274 

63.617. 

IO 

100 

1000 

3.1623 

2.1544 

31.416 

78.539 

ii 

121 

I33i 

3.3166 

2.2240 

34.558 

95.033 

12 

144 

1728 

3.464I 

2.2894 

37.699 

113.097 

13 

169 

2197 

3.6056 

2-35I3 

40.841 

132.732 

14 

196 

2  744 

3-7417 

2.4101 

43.982 

153.938 

15 

225 

3375 

3-8730 

2.4662 

47.124 

176.715 

16 

256 

4096 

4.0000 

2.5198 

50.265 

201.062 

17 

289 

49i3 

4-I23I 

2-57i3 

53-407 

226.980 

18 

324 

5832 

4.2426 

2.6207 

56.549 

254.469 

i9 

361 

6859 

4.3589 

2.6684 

59.690 

283.529 

20 

400 

8000 

44721 

2.7144 

62.832 

3I4-i5Q' 

21 

441 

9261 

4.5826 

2.7589 

65-973 

346.361 

22 

484 

10648 

4.6904 

2.8020 

69.115 

380.133 

23 

529 

12167 

47958 

2.8439 

72.257 

41547^ 

24 

576 

13824 

4.8990 

2.8845 

75.398 

452.385 

25 

625 

i5625 

5.OOOO 

2.9240 

78.540 

490.874, 

26 

676 

17576 

5.O99O 

2.9625 

81.681 

530.925 

27 

729 

19683 

5.I962 

3  .OOOO 

84.823 

572.555 

28 

784 

21952 

5-29l5 

3.0366 

87.965 

615752 
660.52c 
706.85* 

29 

841 

24389 

5-3852 

3.0723 

91.106 

3° 

900 

27000 

5-4772 

3.1072 

94.248 

31 

961 

29791 

5.5678 

3-1414 

90.389 

754./6*   ' 

32 

1024 

32768 

5.6569 

3-1748 

100.531 

804.24*   P 

33 

1089 

35937 

5-7446 

3-2075 

103.673 

855.295   * 

34 

1156 

39304 

5-83IO 

3.2396 

106.814 

907.92c   ':■ 

35 

1225 

42875 

5.9161 

3.2711 

109.956 

962.1 1  j   ii 

36 

1296 

46656 

6.0000 

3-3019 

113.097 

1017.88 

37 

1369 

5o653 

6.0828 

3-3322 

116.239 

1075.21 

38 

1444 

54872 

6.1644 

3.3620 

119-381 

1134.11 

39 

1521 

59319 

6.245O 

3-39i2 

122.522 

1194.59 

40 

1600 

64000 

6.3246 

3.4200 

125.660 

1256.64 

t 
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Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
and  Circular  Areas  of  Nos.  from  i  to  520 


Cren  t? 

No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circum. 

Area 

41 

1681 

68921 

6.4031 

3.4482 

128.81 

1320.25 

42 

1764 

74088 

6.4807 

3.4760 

131-95 

I385-44 

43 

1849 

795°7 

6-5574 

3 -5°34 

I35-09 

1452.20 

44 

1936 

85184 

6.6332 

3-5303 

138.23 

I520-53 

45 

2025 

91125 

6.7082 

3-5569 

141.37 

I590-43 

46 

2116 

97336 

6.7823 

3-5830 

144.51 

1661.90 

47 

2209 

103823 

6.8557 

3.6088 

147-65 

1734.94 

48 

2304 

1 10592 

6.9282 

3-6342 

150.80 

1809.56 

49 

2401 

1 1 7649 

7.0000 

3-6593 

153-94 

1885.74 

;5° 

2500 

125000 

7.0711 

3.6840 

157.08 

1963.50 

51 

2601 

132651 

7.1414 

3.7084 

l6o.22 

2042.82 

52 

2704 

140608 

7.2111 

3-7325 

163.36 

2123.72 

53 

2809 

148877 

7.2801 

3-7563 

166.50 

2206.18 

54 

2916 

157464 

7-3485 

3-7798 

169.65 

2290.22 

55 

3°25 

166375 

74162 

3.8030 

172.79 

2375-83 

56 

3i36 

175616 

74833 

3-8259 

175-93 

2463.OI 

57 

3249 

185193 

7-5498 

3-8485 

179.07 

255I-76 

58 

3364 

195112 

7.6158 

3.8709 

182.21 

2642.08 

50 

348i 

205379 

7.681 1 

3-8930 

185.35 

2733-97 

60 

3600 

2 1 6000 

7.7460 

3-9149 

188.50 

2827.43 

61 

3721 

226981 

7.8102 

3-9365 

191.64 

2922.47 

62 

3844 

238328 

7.8740 

3-9579 

194.78 

3019.07 

63 

3969 

250047 

7-9373 

3-9791 

197.92 

3JI7-25 

64 

4096 

262144 

8.0000 

4.0000 

201.06 

3216.99 

65 

4225 

274625 

8.0623 

4.0207 

204.20 

33i8-3i 

66 

4356 

287496 

8.1240 

4.0412 

207.35 

3421.19 

67 

4489 

300763 

8.1854 

4.0615 

210.49 

3525-65 

68 

4624 

3r4432 

8.2462 

4.0817 

213.63 

3631.68 

60 

4761 

328509 

8.3066 

4.1016 

216.77 

3739.28 

70 

4900 

343000 

8.3666 

4-1213 

219.91 

3848.45 

7i 

5°4i 

357911 

8.4261 

4.1408 

223.05 

3959-19 

72 

5184 

373248 

8.4853 

4.1602 

226.19 

4071.50 

73 

5329 

389017 

8.5440 

4.1793 

229.34 

4185.39 

74 

5476 

405224 

8.6023 

4.1983 

232.48 

4300.84 

75 

5625 

421875 

8.6603 

4.2172 

235.62 

4417.86 

76 

5776 

438976 

8.7178 

4.2358 

238.76 

4536.46 

77 

5929 

456533 

8.7750 

4-2543 

241.90 

4656.63 

78 

6084 

474552 

8.8318 

4.2727 

245.04 

4778.36 

It 

6241 

493°39 

8.8882 

4.2908 

248.19^ 

4901.67 

6400 

512000 

8.9443 

4.3089 

25J-33 

5026.55 

I582 


GENERAL  TABLES 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferenci 
and  Circular  Areas  of  Nos.  from  i  to  520 


ClR<^T  IT 

No. 

Square 

Sq.  Root 

1  1 1  rw*  1?  rxn  t 

V^UUC  XxL/tJl 

Circum. 

Area 

81 

6561 

53*441 

9.0000 

4.3267 

25447 

5i53-o< 

82 

6724 

551368 

9-°554 

4.3445 

257.61 

5281. 0: 

83 

6889 

571787 

9.1104 

4.3621 

260.75 

5410.6 

84 

7056 

592704 

9.1652 

4.3795 

263.89 

5541-7' 

85 

7225 

614125 

9.2195 

4.3968 

267.04 

5674.5' 

86 

7396 

636056 

9.2736 

4.4140 

270.18 

5808.8 

87 

7569 

658503 

9-3274 

4.4310 

273.32 

5944.6 

88 

7744 

681472 

9.3808 

4.4480 

276.46 

6082.1 

89 

7921 

704969 

9.4340 

4.4647 

279.60 

6221. 1 

90 

8100 

729000 

9.4868 

44814 

282.74 

6361.7 

9i 

8281 

753571 

9-5394 

4.4979 

285.88 

6503.8 

92 

8464 

778688 

9-59I7 

4.5144 

289.03 

6647.6 

93 

8649 

8o4357 

9-6437 

4.5307 

292.17 

679 2. g 

94 

8836 

830584 

9.6954 

4.5468 

295.31 

6939-7 

95 

9025 

857375 

9.7468 

4.5629 

298.45 

7088.2 

96 

9216 

884736 

9.7980 

4.5789 

301.59 

7238.2 

97 

9409 

912673 

9.8489 

4.5947 

304.73 

7389.* 

98 

9604 

941192 

9.8995 

4.6104 

307.88 

7542. c 

99 

9801 

970299 

9-9499 

4.6261 

311.02 

7697.H 

100 

1 0000 

1 000000 

10.0000 

4.6416 

314.16 

7853-c 

IOI 

10201 

1030301 

10.0499 

4.6570 

3!7.3o 

801 1. 1 

102 

10404 

1061208 

10.0995 

4.6723 

320.44 

8171.: 

103 

10609 

1092727 

10.1489 

4.6875 

323.58 

8332-: 

104 

10816 

1 1 24864 

10.1980 

4.7027 

326.73 

8494.1 

i°5 

11025 

1157625 

10.2470 

4.7177 

329.87 

8659.C 

106 

11236 

1191016 

10.2956 

4.7326 

333-OI 

8824.- 

107 

1 1449 

1225043 

10.3441 

4.7475 

336.15 

899 2.  < 

108 

1 1 664 

1259712 

10.3923 

4.7622 

339-29 

9160J 

109 

1 1 881 

1295029 

10.4403 

4.7769 

342.43 

933  l. 

no 

1 2 100 

1 33 1000 

10.4881 

4.7914 

345-58 

95°3-. 

in 

12321 

1367631 

io.5357 

4.8059 

348.72 

9676J 

112 

12544 

1404928 

10.5830 

4.8203 

351-86 

985  2. (! 

"3 

12769 

1442897 

10.6301 

4.8346 

355-00 

10028.' 

114 

12996 

1481544 

10.6771 

4.8488 

358.14 

10207.* 

"5 

13225 

1520875 

10.7238 

4.8629 

361.28 

io386.( 

116 

13456 

1560896 

10.7703 

4.8770 

364.42 

10568, 

117 

13689 

1601613 

10.8167 

4.8910 

367-57 

10751-.' 

118 

i3924 

1643032 

10.8628 

4.9049 

370.71 

i°935J 

119 

14161 

1 685 1 59 

10.9087 

4.9187 

373.85 

11122.1 

120 

14400 

1728000 

io.9545 

4.9324 

376.Q9 

11309- 
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Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
and  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circum. 

Area 

121 

14641 

1771561 

1 1 .0000 

4.9461 

380.13 

1 1 499.O 

122 

14884 

1815848 

11.0454 

4-9597 

383.27 

1 1 689 .9 

I23 

15129 

1860867 

11.0905 

4-9732 

386.42 

1 1 882 .3 

I24 

15376 

1906624 

H-I355 

4.9866 

389.56 

12076.3 

125 

15625 

I953i25 

11. 1803 

5.0000 

392.70 

12271.8 

126 

15876 

2000376 

11.2250 

5-0133 

395-84 

I2469.O 

I27 

16129 

2048383 

11.2694 

5.0265 

398.98 

12667.7 

128 

16384 

2097152 

n-3I37 

5-0397 

402.12 

12868.0 

I29 

1 6641 

2146689 

"•3578 

5.0528 

405.27 

I3069.8 

I30 

16900 

2197000 

1 1. 401 8 

5.0658 

408.41 

I3273.2 

131 

17161 

2248091 

11-4455 

5.0788 

411.55 

13478.2 

132 

17424 

2299968 

1 1. 489 1 

5.0916 

414.69 

13684.8 

*33 

■  134 

17689 

2352637 

11.5326 

5-IQ45 

4I7.83 

13892.9 

17956 

2406104 

II-5758 

5.1172 

420.97 

14102.6 

|i35 

18225 

2460375 

11.6190 

5.1299 

424.12 

I43I3-9 

*36 

18496 

2515456 

11.6619 

5.1426 

427.26 

14526.7 

137 

18769 

2571353 

11.7047 

5.i55i 

430.40 

14741.I 

138 

19044 

2628072 

n-7473 

5.1676 

433-54 

I4957-I 

139 

19321 

2685619 

11.7898 

5.1801 

436.68 

I5I747 

140 

19600 

2744000 

11.8322 

5-i925 

439.82 

15393-8 

141 

19881 

2803221 

11.8743 

5.2048 

442.96 

15614.5 

142 

20164 

2863288 

1 1 .9 1 64 

5.2171 

446.11 

15836.8 

143 

20449 

2924207 

11-9583 

5-2293 

449.25 

16060.6 

144 

20736 

2985984 

12.0000 

5-2415 

452.39 

16286.0 

145 

21025 

3048625 

12.0416 

5-2536 

455-53 

16513.0 

146 

21316 

3112136 

12.0830 

5.2656 

458.67 

16741.5 

i47 

21609 

3^6523 

12.1244 

5.2776 

461.81 

16971.7 

148 

21904 

3241792 

12.1655 

5.2896 

464.96 

17203.4 

149 

22201 

33°7949 

12.2066 

5-3oi5 

468.10 

17436.6 

150 

22500 

3375000 

12.2474 

5-3I33 

471.24 

17671.5 

151 

22801 

3442951 

12.2882 

5.3251 

474.38 

17907.9 

152 

23104 

3511808 

12.3288 

5-3368 

477.52 

18145.8 

153 

23409 

3581577 

12.3693 

5.3485 

480.66 

18385.4 

154 

23716 

3652264 

12.4097 

5.3601 

483.81 

18626.5 

i55 

24025 

3723875 

12.4499 

5-3717 

486.95 

18869.2 

156 

24336 

3796416 

12.4900 

5.3832 

490.09 

19113.4 

i57 

24649 

3869893 

12.5300 

5-3947 

493.23 

19359-3 

158 

24964 

39443 x 2 

12.5698 

5.4061 

496.37 

19606.7 

i59 

25281 

4019679 

12.6095 

5.4175 

499.51 

I9855-7 

160 

25600 

4096000 

12.6491 

5.4288 

502.65 

20106.2 

1584 


GENERAL  TABLES 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumference 
and  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

C'llVw*  T^nnt 

Circle 

V^UUC  AVLKJL 

Circum. 

Area 

161 

25921 

4173281 

12.6886 

5.4401 

505.80 

20358.3 

162 

26244 

4251528 

12.7279 

54514 

508.94 

2o6l 2.  C 

163 

26569 

4330747 

12.7671 

5.4626 

512.08 

20867.2 

164 

26896 

4410944 

12.8062 

5-4737 

5J5-22 

2II24.I 

165 

27225 

4492125 

12.8452 

5.4848 

518.36 

21382.E 

166 

2  7556 

4574296 

12.8841 

5-4959 

521.50 

21642./. 

167 

27889 

4657463 

12.9228 

5-5069 

524.65 

21904.C 

168 

28224 

4741632 

12.9615 

5.5178 

527.79 

22167.] 

169 

28561 

4826809 

13.0000 

5.5288 

530-93 

2243I-* 

170 

28900 

4913000 

13.0384 

5-5397 

534.07 

22698.C 

171 

29241 

500021 1 

13.0767 

5-5505 

537.21 

22965.* 

172 

29584 

5088448 

13.1149 

5-56i3 

540.35 

23235" 

173 

29929 

5177717 

i3-I529 

5-5721 

543-50 

23506.: 

174 

30276 

5268024 

13.1909 

5.5828 

546.64 

2377S.: 

175 

30625 

5359375 

13.2288 

5-5934 

549.78 

2405 2. 1 

176 

30976 

5451776 

13.2665 

5.6041 

552.92 

24328..' 

177 

3J329 

5545233 

13-3041 

5-6i47 

556.06 

24605.' 

178 

31684 

5639752 

I3-34I7 

5.6252 

559-20 

24884.I 

179 

32041 

5735339 

I3-379I 

5-6357 

562.35 

25 I 64 J 

180 

32400 

5832000 

13.4164 

5.6462 

56549 

25446.1 

181 

32761 

5929741 

I3-4536 

5-6567 

568.63 

25730- 

182 

33I24 

6028568 

13.4907 

5.6671 

571-77 

26015. 

183 

33489 

6128487 

i3-5277 

5-6774 

574-91 

26302.: 

184 

33856 

6229504 

I3-5647 

5-6877 

578.05 

26590.. 

185 

34225 

6331625 

13.6015 

5.6980 

581.19 

26880., 

186 

34596 

6434856 

13.6382 

5-7083 

584.34 

27171.1 

187 

34969 

6539203 

13.6748 

5-7i85 

587.48 

27464.1 

188 

35344 

6644672 

i3-7IJ3 

5.7287 

590.62 

27759- 

189 

3572i 

6751269 

13-7477 

5-7388 

593-76 

28055.: 

190 

36100 

6859000 

15.7840 

5-7489 

596.90 

28352.. 

191 

36481 

6967871 

13.8203 

5-759o 

600.04 

28652. 

192 

36864 

7077888 

13.8564 

5.7690 

603.19 

28952.1 

193 

37249 

7189057 

13.8924 

5-779o 

606.33 

29255-. 

194 

37636 

73OI384 

13.9284 

5.7890 

609.47 

29559-- 

195 

38025 

7414875 

13.9642 

5-7989 

612.61 

29864.; 

196 

38416 

7529536 

14.0000 

5.8088 

615.75 

301 7 1.. 

197 

38809 

7645373 

14.0357 

5.8186 

618.89 

30480. 

198 

39204 

7762392 

14.0712 

5-8285 

622.04 

30790. 

199 

39601 

7880599 

14.1067 

5-8383 

625.18 

3 1 102.' 

200 

« 

40000 

8000000 

14.1421 

5.8480 

628.32 

3I4I5-' 

Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
and  Circular  Areas  of  Nos.  from  i  to  520 
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No. 


201 
202 
203 
204 
205 

206 
207 
208 
209 
2IO 

211 
212 
213 
214 
215 

2l6 
217 
2l8 
219 
220 

221 

222 
223 
224 
225 

226 
227 
228 
229 
23O 

23I 
232 

233 
234 

-  235 


236 

237 
238 

2  39 
240 


Square 


40401 
40804 
41209 
41616 
42025 

42436 
42849 

43264 
436S1 
44100 

44521 

44944 
45369 
45796 
46225 

46656 
47089 

47524 
47961 
48400 

4S841 
49284 

49729 
50176 

50625 

51076 
5J529 
5J984 
52441 
52900 

5336i 
53824 
54289 

54756 
55225 

55696 
56169 
56644 
57121 
57600 


Cube 


8120601 
8242408 

8365427 
8489664 
8615125 

8741816 

8869743 
8998912 
9129329 
9261000 

9393931 
9528128 

9663597 
9800344 

9938375 

10077696 
10218313 
10360232 
10503459 
10648000 

10793861 
10941048 
I 1089567 
11239424 
1 1390625 

11543176 
1 1697083 
11852352 
12008989 
12 167000 

12326391 
12487168 

1 2649337 
12812904 

12977875 

13144256 
!33I2o53 
13481272 
13651919 
13824000 


Sq.  Root 


14.1774 
14.2127 
14.2478 
14.2829 
14.3178 

14.3527 
I4'3875 
14.4222 
14.4568 
14.4914 

14.5258 
14.5602 

14.5945 
14.6287 

14.6629 

14.6969 
14.7309 
14.7648 
14.79S6 
14.8324 

14.8661 
14.8997 

I4.9332 
14.9666 
1 5  .OOOO 

i5-°333 
15.0665 

15.0997 

I5-I327 
15.1658 

15.1987 

15-2315 
15.2643 

15.2971 
I5-3297 

15-3623 
I5-3948 
15.4272 

I5-4596 
15.4919 


Cube  Root 


5.8578 
5-8675 
5.8771 
5.8S68 

5.8964 

5-9059 

5.9155 
5.9250 

5-9345 
5-9439 

5-9533 
5.9627 

5.9721 
5.9814 

5-9907 

6.0000 
6.0092 
6.0185 
6.0277 
6.0368 

6.0459 
6.0550 
6.0641 
6.0732 
6.0822 

6.0912 
6.1002 
6.1091 
6.1180 
6.1269 

6.1358 
6.1446 

6.1534 
6.1622 
6.1710 

6.1797 
6.1885 
6.1972 
6.2058 
6.2145 


Circle 


Circum. 


631.46 
634.60 

637-74 
640.89 
644.03 

647.17 
650.31 
65345 
656.59 
65973 

662.88 
666.02 
669 . 1 6 
672.30 
675-44 

678.58 
681.73 
684.87 
688.01 
691.15 

694.29 

69743 
700.58 

703.72 

706.86 

710.00 

7I3-U 
716.28 
719.42 

722.57 

725-7I 
728.85 

73r-99 

735.13 
738.27 

74142 

744-56 
747.70 
750.84 
753-98 


Area 


3I730.9 
32047-4 

32365.5 
32685.1 

33006.4 

33329.2 

33653.5 
33979-5 
34307.0 
34636.1 

34966.7 
35298.9 
35632.7 
35968.1 
36305.0 

36643.5 
36983.6 

37325-3 
37668.5 

38013.3 

38359-6 

38707.6 

39057-I 
39408.1 

3976o.8 

401 15.0 
40470.8 
40828.1 
41187.1 
41547.6 

41909.6 
42273.3 
42638.5 

43005-3 
43373-6 

43743-5 
44ii5-o 
44488.1 
44862.7 
45238.9 


i586 


GENERAL  TABLES 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumference 
and  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

C  b 

Sq.  Root 

P11V1Q  T?  r\r\i~ 

Circle 

vUUC  IX.UUL 

Circum. 

Area 

241 

58081 

I399752I 

15.5242 

6.2231 

757-12 

456l6.7 

242 

58564 

14172488 

I5-5563 

6.2317 

760.27 

45996.1 

243 

59°49 

14348907 

I5-5885 

6.2403 

76341 

463 7 7. C 

244 

59536 

14526784 

15.6205 

6.2488 

766.55 

46759-5 

245 

60025 

14706125 

I5-6525 

6.2573 

769.69 

47143.5 

246 

60516 

14886936 

15.6844 

6.2658 

772.83 

47529- 

247 

61009 

15069223 

15.7162 

6.2743 

775-97 

47916.4 

248 

61504 

15252992 

15.7480 

6.2828 

779.12 

48305.] 

249 

62001 

15438249 

15-7797 

6.2912 

782.26 

48695.  e 

250 

62500 

15625000 

15,8114 

6.2996 

785.40 

49087^ 

251 

63001 

15813251 

15.8430 

6.3080 

788.54 

49480. C 

252 

63504 

16003008 

15-8745 

6.3164 

791.68 

49875-i 

253 

64009 

16194277 

15.9060 

6.3247 

794.82 

50272.( 

254 

64516 

16387064 

15-9374 

^•333° 

797.96 

50670.: 

255 

65025 

16581375 

15.9687 

6.3413 

801. 11 

51070..' 

256 

65536 

16777216 

16.0000 

6.3496 

804.25 

5M7"| 

257 

66049 

16974593 

16.0312 

6-3579 

807.39 

51874J 

258 

66564 

17173512 

16.0624 

6.3661 

810.53 

52279. 

259 

670S1 

17373979 

16.0935 

6-3743 

813.67 

52685. 

260 

67600 

17576000 

16.1245 

6.3825 

816.81 

53092, ; 

261 

68121 

17779581 

16.1555 

6.3907 

819.96 

535°2- | 

262 

68644 

17984728 

16.1864 

6.3988 

823.10 

53912.' 

263 

69169 

18191447 

16.2173 

6.4070 

826.24 

54325- 

264 

69696 

18399744 

16.2481 

6.4151 

829.38 

54739- 

265 

70225 

18609625 

16.2788 

6.4232 

832.52 

55154. 

266 

70756 

18821096 

16.3095 

6.4312 

835.66 

55571- 

267 

71289 

19034163 

16.3401 

6.4393 

838.81 

5599o..  j 

268 

71824 

19248832 

16.3707 

6-4473 

841.95 

56410 J 

269 

72361 

19465 109 

16.4012 

6-4553 

845.09 

56832. 

270 

72900 

19683000 

16.4317 

6.4633 

848.23 

57255-; 

271 

73441 

199025 1 1 

16.4621 

6.4713 

851-37 

5768oJ 

272 

73984 

20123648 

16.4924 

6.4792 

854.51 

58106.. 

273 

74529 

20346417 

16.5227 

6.4872 

857.66 

58534.' 

274 

75076 

20570824 

16.5529 

'  6.495  J 

860.80 

58964.1 

275 

75625 

20796875 

16.5831 

6.503O 

863.94 

59395-1 

276 

76176 

21024576 

16.6132 

6.5108 

867.08 

59828. 

277 

76729 

21253933 

16.6433 

6.5187 

870.22 

60262.; 

278 

77284 

21484952 

16.6733 

6.5265 

873.36 

60698. 

279 

77841 

21717639 

16.7033 

6.5343 

876.50 

61136..1 

280 

78400 

21952000 

16.7332 

6.542I 

879.65 

6i575. 

SQUARES— CUBES 
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Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
and  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circum. 

Area 

281 
282 
283 
284 
285 

78961 

79524 
80089 
80656 
81225 

22188041 
22425768 
22665187 
22906304 
23!49I25 

16.7631 
16.7929 
16.8226 
16.8523 
16.8819 

6.5499 

6-5577 
6.5654 

6.5731 
6.5808 

882.79 

885.93 
889.07 
892.21 

895.35 

62015.8 
62458.0 
62901.8 

63347.1 
63794.O 

286 
287 
288 
289 
;  290 

'  81796 
82369 
82944 

83521 
84100 

23393656 

23639903 
23887872 

24137569 
24389000 

16.9115 
16.9411 
16.9706 
17.OOOO 
17.0294 

6.5885 
6.5962 
6.6039 
6.6115 
6.6191 

898.50 
901.64 
904.78 
907.92 
911.06 

64242.4 
64692.5 
65144.1 

65597.2 
66052.O 

291 
292 

293 
294 

295 

84681 
85264 

85849 
86436 

87025 

24642 1 71 
24897088 

25153757 
25412184 

25672375 

17.0587 
17.0880 
17.1172 
17.1464 
17.1756 

6.6267 

6.6343 
6.6419 
6.6494 
6.6569 

914.20 

917.35 
920.49 
923.63 
926.77 

66508.3 
66966.2 
67425.6 
67886.7 
68349-3 

|  296 

297 
298 

299 

300 

87616 
88209 
88804 
89401 
90000 

25934336 
26198073 
26463592 
26730899 
27000000 

17.2047 

I7-2337 
17.2627 

17.2916 

17.3205 

6.6644 
6.6719 
6.6794 
6.6869 
6.6943 

929.91 

933.05 
936.19 

939-34 
942.48 

68813.5 
69279.2 
69746.5 
70215.4 
70685.8 

3QI 
302 

3°3 
3°4 

3°5 

90601 
91204 
91809 
92416 
93025 

27270901 
27543608 
27818127 
28094464 
28372625 

17-3494 
I7-378I 
17.4069 

I7-4356 
1 7.4642 

6.7018 
6.7092 
6.7166 
6.7240 

6.73!3 

945.62 
948.76 
951.90 

955-04 
958.19 

7II57-9 
7I63I.5 
72106.6 

725834 
73061.7 

306 

307 
308 

309 
310 

93636 
94249 
94864 
95481 
96100 

28652616 
28934443 
29218112 
29503629 
29791000 

17.4929 
17.5214 

17-5499 
I7-5784 
17.6068 

6.7387 
6.7460 

6.7533 
6.7606 
6.7679 

961.33 
964.47 
967.61 

97o.75 
973-89 

7354L5 
74023.O 
74506.O 
74990.6 
75476.8 

3" 
312 

3i3 

3i4 

!3i5 

96721 

97344 
97969 
98596 
99225 

30080231 
30371328 
30664297 
30959144 

31255875 

17.6352 
17.6635 
17.6918 
17.7200 
17.7482 

6.7752 
6.7824 
6.7897 
6.7969 
6.8041 

977.04 
980.18 

983-32 
986.46 
989.60 

75964.5 
76453-8 
76944.7 

77437-1 
77931.1 

316 

3i7 
3i8 

319 
320 

99856 
100489 
101124 
101761 
102400 

31554496 
3l855°i3 
32157432 

32461759 
32768000 

17.7764 
17.8045 
17.8326 
17.8606 
17.8885 

6.8113 
6.8185 
6.8256 
6.8328 
6.8399 

992.74 

995.88 

999.03 

1002.20 

1005.30 

78426.7 
78923.9 
79422.6 
79922.9 
80424.8 

1588 

GENERAL  TABLES 

Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumference 

and  Circular  Areas  of  Nos.  from  i  to  520 

. .  — 

ClRT.v. 

No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circum. 

Area 

321 

103041 

33076161 

17.9165 

6.8470 

1008.5 

80928.2 

322 

103684 

33386248 

17.9444 

6.8541 

IOII.6 

81433.2 

323 

104329 

33698267 

17.9722 

6.8612 

IO14.7 

81939.8 

324 

IO4976 

34012224 

18.OOOO 

6.8683 

IO17.9 

82448.O 

325 

IO5625 

34328125 

18.0278 

6-8753 

102 1. 0 

82957.7 

326 

106276 

34645976 

18.0555 

6.8824 

IO24.2 

83469.O 

327 

106929 

34965783 

18.0831 

6.8894 

1027.3 

83981.8 

328 

IO7584 

35287552 

18.1108 

6.8964 

1030.4 

84496.3 

329 

108241 

35611289 

18.1384 

6.9034 

1033.6 

85012.3 

33° 

108900 

35937000 

18.1659 

6.9104 

1036.7 

85529.9 

331 

IO9561 

36264691 

18.1934 

6.9174 

1039.9 

86049.O 

332 

IIO224 

36594368 

18.2209 

6.9244 

I043.O 

86569.7 

333 

I 10889 

36926037 

18.2483 

6-93*3 

1046.2 

87092.O 

334 

III556 

37259704 

18.2757 

6.9382 

1049.3 

87615.9 

335 

II2225 

37595375 

18.3030 

6.9451 

1052.4 

88141.3 

336 

112896 

37933056 

18.3303 

6.9521 

1055-6 

88668.3 

337 

H3569 

38272753 

18.3576 

6.9589 

1058.7 

89196.9 

338 

114244 

38614472 

18.3848 

6.9658 

1061.9 

89727.O 

339 

II4921 

38958219 

18.4120 

6.9727 

1065.0 

90258.7 

34o 

I 15600 

39304000 

18.4391 

6.9795 

1068.I 

90792.O 

34i 

116281 

39651821 

18.4662 

6.9864 

1071.3 

91326.9 

342 

I 16964 

40001688 

18.4932 

6.9932 

1074.4 

91863.3 

343 

H7649 

40353607 

18.5203 

7.0000 

1077.6 

92401.3 

344 

118336 

40707584 

18.5472 

7.0068 

1080.7 

92940.9 

345 

II9025 

41063625 

18.5742 

7.0136 

1083.8 

93482.O 

346 

119716 

41421736 

18.601 1 

7.0203 

1087.0 

94024.7 

347 

120409 

41781923 

18.6279 

7.0271 

IO90. 1 

94569.O 

348 

121104 

42144192 

18.6548 

7-0338 

I093-3 

95114.91 

349 

121801 

42508549 

18.6815 

7.0406 

IO96.4 

95662.3  ! 

35° 

122500 

42875000 

18.7083 

7-0473 

1099.6 

962 1 1. 3 

35i 

123201 

43243551 

I8.7350 

7.0540 

IIO2.7 

96761.8 

352 

123904 

43614208 

18.7617 

7.0607 

1 105 .8 

97314.0 

353 

124609 

43986977 

18.7883 

7.0674 

1 109.0 

97867.7 

354 

125316 

44361864 

18.8149 

7.0740 

1112.1 

98423.0 

355 

126025 

44738875 

18.8414 

7.0807 

"I5-3 

98979.8  ' 

356 

126736 

45118016 

18.8680 

7.0873 

1118.4 

99538.2 

357 

127449 

45499293 

18.8944 

7.0940 

1121.5 

100098 

358 

128164 

45882712 

18.9209 

7.1006 

1124.7 

100660 
101223 

359 

128881 

46268279 

18.9473 

7.1072 

1127.8 

360 

129600 

46656000 

18.9737 

7-ii38 

1131.0 

101788 

SQUARES— CUBES 
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Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
and  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circum. 

Area 

361 

130321 

47045881 

19.OOOO 

7.1204 

1134,1 

IO2354 

362 

131044 

47437928 

19.0263 

7.1269 

H37-3 

IO2922 

363 

131769 

47832147 

19.0526 

7-1335 

1 140.4 

103491 

364 

132496 

48228544 

19.0788 

7.1400 

H43-5 

104062 

365 

I33225 

48627125 

19.1050 

7.1466 

1146.7 

IO4635 

366 

133956 

49027896 

19.1311 

7-I531 

1149.8 

105209 

^7 

134689 

49430863 

19.1572 

7-I596 

ii53-o 

105785 

368 

135424 

49836032 

I9-I833 

7.1661 

1156.1 

106362 

369 

136161 

50243409 

19.2094 

7.1726 

H59-2 

106941 

37° 

136900 

50653000 

I9-2354 

7.1791 

1162.4 

IO7521 

37i 

137641 

51064811 

19.2614 

7-i855 

1165.5 

108103 

372 

138384 

51478848 

19.2873 

7.1920 

1168.7 

108687 

373 

139129 

5I895II7 

19.3132 

7.1984 

1171.8 

IO9272 

374 

139876 

52313624 

I9-339I 

7.2048 

1175.0 

109858 

375 

140625 

52734375 

19.3649 

7.2112 

1178.1 

I 10447 

376 

141376 

53157376 

19.3907 

7.2177 

1181.2 

IIIO36 

377 

142129 

53582633 

19.4165 

7.2240 

1184.4 

111628 

37* 

142884 

54010152 

19.4422 

7.2304 

ii87-5 

II222I 

379 

143641 

54439939 

19.4679 

7.2368 

1190.7 

II2815 

380 

144400 

54872000 

19.4936 

7.2432 

1193.8 

II34II 

38t 

145161 

553o634i 

19.5192 

7-2495 

1 196.9 

I I 4OO9 

382 

145924 

55742968 

19.5448 

7-2558 

1200. 1 

I I4608 

3*3 

146689 

56181887 

19.5704 

7.2622 

1203.2 

H5209 

384 

I47456 

56623104 

19-5959 

7.2685 

1206.4 

II5812 

385 

148225 

57066625 

19.6214 

7.2748 

1209.5 

U6416 

386 

148996 

57512456 

19.6469 

7.2811 

1212.7 

I I 702 I 

387 

149769 

57960603 

19.6723 

7.2874 

1215.8 

II7628 

388 

i5°544 

58411072 

19.6977 

7.2936 

1218.9 

H8237 

389 

i5J32i 

58863869 

19.7231 

7.2999 

1222. 1 

I 18847 

39o 

152100 

59319000 

19.7484 

7.3061 

1225.2 

"9459 

39i 

152881 

59776471 

19-7737 

7-3I24 

1228.4 

120072 

392 

i53664 

60236288 

19.7990 

7.3186 

1231-5 

120687 

393 

154449 

60698457 

19.8242 

7.3248 

1234.6 

121304 

394 

i55236 

61162984 

19.8494 

7-331° 

1237.8 

121922 

395 

156025 

61629875 

19.8746 

7-3372 

1240.9 

122542 

396 

156816 

62099136 

19.8997 

7-3434 

1244. 1 

123163 

397 

157609 

62570773 

19.9249 

7-3496 

1247.2 

123786 

398 

158404 

63044792 

19.9499 

7-3558 

1250.4 

124410 

399 

159201 

63521199 

19.9750 

7.3619 

1253-5 

125036 

400 

1 60000 

64000000 

20.0000 

7.3684 

1256.6 

125664 

159° 


GENERAL  TABLES 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences, 
and  Circular  Areas  or  Nos.  from  i  to  520 


ClRCT  n 

No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circum. 

Area 

401 

I 6080 I 

64481201 

20.0250 

7-3742 

1259.8 

126293 

402 

I 61 604 

64964808 

20.0499 

7-3803 

1262.9 

126923 

403 

162409 

65450827 

20.0749 

7.3864 

1266. 1 

127556 

404 

163216 

65939264 

20.0998 

7-3925 

1269.2 

128190 

405 

164025 

66430125 

2O.I246 

7.3986 

1272.3 

128825 

406 

164836 

66923416 

20.1494 

7.4047 

1275-5 

129462 

407 

165649 

67419143 

20.1742 

7.4108 

1278.6 

130100 

408 

166464 

67917312 

20.1990 

7.4169 

1281.8 

I3074I 

409 

167281 

68417929 

20.2237 

7.4229 

1284.9 

131382 

410 

168100 

68921000 

20.2485 

7.4290 

1288.1 

132025 

411 

I 6892 I 

69426531 

20.2731 

7-4350 

1291.2 

132670 

412 

169744 

69934528 

20.2978 

7.4410 

1294.3 

I333I7 

413 

170569 

70444997 

20.3224 

7.4470 

1297-5 

133965 

414 

171396 

70957944 

20.3470 

7-4530 

1300.6 

134614 

415 

172225 

7X473375 

20.3715 

7-459° 

1303-8 

^5265 

416 

173056 

71991296 

2O.3961 

7.4650 

1306.9 

I359I8 

417 

173889 

72511713 

20.4206 

7.4710 

1310.0 

136572 

418 

174724 

73034632 

20.4450 

7.4770 

i3x3-2 

137228 

419 

I7556I 

73560059 

20.4695 

7.4829 

i3l6-3 

137885 

420 

176400 

74088000 

20.4939 

7.4889 

I3I9-5 

138544 

421 

I7724I 

74618461 

20.5183 

7.4948 

1322.6 

139205 

422 

178084 

75iSi448 

20.5426 

7.5007 

1325-8 

139867 

423 

178929 

756S6967 

20.5670 

7.5067 

1328.9 

I4053I 

424 

179776 

76225024 

20.5913 

7.5126 

1332.0 

141196 

425 

180625 

76765625 

20.6155 

7-5i85 

1335-2 

141863 

426 

181476 

77308776 

20.6398 

7-5244 

1338.3 

I42531 

427 

182329 

77854483 

20.6640 

7-5302 

i34i-5 

I4320I 

428 

183184 

78402752 

20.6882 

7-536i 

1344.6 

143872 

429 

184041 

78953589 

20.7123 

7.5420 

1347-7 

144545 

43° 

184900 

79507000 

20.7364 

7-5478 

1350.9 

145220 

431 

185761 

80062991 

20.7605 

7-5537 

i354.o 

145896 

432 

186624 

80621568 

2O.7S46 

7-5595 

1357.2 

146574 

433 

187489 

81182737 

20.8087 

7-5654 

1360.3 

147254 

434 

188356 

81746504 

20.8327 

7-5712 

1363.5 

147934 

435 

189225 

82312875 

20.8567 

7-577o 

1366.6 

148617 

436 

190096 

82881856 

20.8806 

7.5828 

1369.7 

I4930I 

437 

190969 

83453453 

20.9045 

7.5886 

1372.9 

I499S7 

438 

191844 

84027672 

20.9284 

7-5944 

1376.0 

150674 

439 

192721 

84604519 

20.9523 

7.6001 

1379.2 

I5I363 

440 

193600 

85184000 

20.9762 

7.6059 

1382.3 

T52053 
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Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
and  Circular  Areas  of  Nos.  from  i  to  520 


X'rt 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

rso. 

Circum.  1 

Area 

441 

194481 

85766121 

2 1  .OOOO 

7.6117 

I385-4 

152745 

442 

195364 

86350888 

2I.O238 

7.6174 

1388.6 

*53439 

443 

196249 

86938307 

2I.O476 

7.6232 

I39I-7 

I54I34 

444 

197136 

87528384 

21.0713 

7.6289 

1394.9 

154830 

445 

198025 

88121125 

2I.O950 

7.6346 

I398.O 

155528 

446 

198916 

88716536 

21.1187 

7.6403 

I4OI.2 

156228 

447 

199809 

89314623 

2I.I424 

7.6460 

1404.3 

156930 

448 

200704 

899!5392 

2I.l66o 

7-65I7 

1407.4 

157633 

449 

201601 

90518849 

2I.1896 

7-6574 

I410.6 

158337 

45° 

202500 

91125000 

21.2132 

7.6631 

I4I3-7 

159043 

45i 

203401 

9i73385i 

21.2368 

7.6688 

1416.9 

I5975I 

452 

204304 

923454o8 

21.2603 

7.6744 

I420.O 

160460 

453 

205209 

92959677 

21.2838 

7.6801 

I423-I 

161171 

454 

206116 

93576664 

21.3073 

7-6857 

1426.3 

161883 

455 

207025 

94196375 

21.3307 

7.6914 

1429.4 

162597 

456 

207936 

94818816 

21.3542 

7.6970 

1432.6 

163313 

457 

208849 

95443993 

21.3776 

7.7026 

1435-7 

164030 

458 

209764 

96071912 

2 1 .4009 

7.7082 

1438.9 

164748 

459 

210681 

96702579 

2I.4243 

7-7I38 

I442.O 

165468 

460 

21 l600 

97336000 

2I.4476 

7-7*94 

I445-1 

166190 

461 

2I252I 

97972181 

2I.4709 

7.7250 

1448.3 

166914 

462 

213444 

98611128 

2I.4942 

7.7306 

145 1-  4 

167639 

463 

214369 

99252847 

21.5174 

7.7362 

1454.6 

168365 

464 

215296 

99897344 

2I.5407 

7.7418 

1457.7 

169093 

465 

2l6225 

100544625 

2I.5639 

7-7473 

1460.8 

169823 

466 

217156 

101194696 

2I.587O 

7-7529 

1464.0 

170554 

1467 

218089 

101847563 

2I.6I02 

7-7584 

1467.1 

171287 

468 

219024 

102503232 

2I-6333 

7-7639 

I470.3 

172021 

469 

219961 

103161709 

2I.6564 

7-7695 

1473-4 

172757 

470 

2209OO 

103823000 

2I.6795 

7-775o 

1476.5 

173494 

47i 

22184I 

104487111 

2I.7025 

7.7805 

1479-7 

174234 

472 

222784 

105 1 54048 

2I.7256 

7.7860 

1482.8 

174974 

473 

223729 

105823817 

2I.7486 

7-79I5 

1486.0 

175716 

474 

224676 

106496424 

21.7715 

7.7970 

1489. 1 

176460 

475 

225625 

107171875 

2I.7945 

7.8025 

1492.3 

177205 

476 

226576 

107850176 

2I.8174 

7.8079 

14954 

177952 

477 

227529 

108531333 

2I.8403 

7-8i34 

1498.5 

178701 

478 

228484 

109215352 

2I.8632 

7.8188 

1501.7 

1 7945 1 

479 

22944I 

109902239 

2I.886I 

7-8243 

1504.8 

180203 

480 

2304OO 

1 10592000 

2I.9089 

7.8297 

1508.0 

180956 

592 


GENERAL  TABLES 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumference 
and  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circum. 

Area 

481 

231361 

III284641 

21.9317 

7-8352 

1511.I 

181711 

482 

232324 

III980168 

21-9545 

7.8406 

15*4-3 

182467 

483 

233289 

112678587 

21.9773 

7.8460 

I5I7-4 

183225 

484 

234256 

H3379904 

22.0000 

7-85I4 

I520.5 

183984 

485 

235225 

II4084125 

22.0227 

7.8568 

l523-7 

184745 

486 

236196 

II4791256 

22.0454 

7.8622 

1526.8 

185508 

487 

237169 

115501303 

22.0681 

7.8676 

I530-0 

186272 

488 

238144 

116214272 

22.0907 

7.8730 

I533-I 

187038 

489 

239121 

116930169 

22.1133 

7.8784 

1536.2 

187805 

490 

240100 

I I 7649000 

22.1359 

7-8837 

1539-4 

188574 

491 

241081 

118370771 

22.1585 

7.8891 

1542.5 

189345 

492 

242064 

I 19095488 

22.1811 

7.8944 

1545-7 

190117 

493 

243049 

II9823157 

22.2036 

7.8998 

■  1548.8 

190890 

494 

244036 

I2o553784 

22.2261 

7-905I 

i55i-9 

191665 

495 

245025 

121287375 

22.2486 

7-9I05 

*555.i 

192442 

496 

246016 

122023936 

22.2711 

7-9I58 

1558.2 

193221 

497 

247009 

122763473 

22.2935 

7.9211 

1561.4 

194000 

498 

248004 

I235°5992 

22.3159 

7.9264 

1564.5 

194782 

499 

249001 

124251499 

22.3383 

7-93J7 

I567-7 

195565 

500 

250000 

125000000 

22.3607 

7-937° 

1570.8 

196350 

5°i 

251001 

125751501 

22.3830 

7-9423 

1573-9 

197136 

502 

252004 

126506008 

22.4054 

7.9476 

i577-i 

197923 

5°3 

253009 

127263527 

22.4277 

7-9528 

1580.2 

I987I3 

5°4 

254016 

128024064 

22.4499 

7-958i 

1583-4 

199504 

5°5 

255025 

128787625 

22.4722 

7-9634 

1586.5 

200296 

506 

256036 

129554216 

22.4944 

7.9686 

1589-7 

201090 

5°7 

257049 

130323843 

22.5167 

7-9739 

1592.8 

201886 

508 

258064 

131096512 

22.5389 

7.9791 

1595-9 

202683 

5°9 

259081 

131872229 

22.5610 

7-9843 

i599-i 

203482 

5io 

260100 

1 3 265 1 000 

22.5832 

7.9896 

1602.2 

204282 

5ii 

261121 

13343283 1 

22.6053 

7.9948 

1605.4 

205084 

512 

262144 

134217728 

22.6274 

8.0000 

1608.5 

205887 

5i3 

263169 

i35°°5697 

22.6495 

8.0052 

1611.6 

206692 

5i4 

264196 

i35796744 

22.6716 

8.0104 

1 614.8 

207499 

5i5 

265225 

136590875 

22.6936 

8.0156 

1617.9 

208307 

5i6 

266256 

137388096 

22.7156 

8.0208 

1621.1 

2091 17 

5i7 

267289 

138188413 

22.7376 

8.0260 

1624.2 

209928 

5i8 

268324 

138991832 

22.7596 

8.03 1 1 

1627.3 

210741 

5i9 

269361 

139798359 

22.7816 

8.0363 

1630.5 

2II556 

520 

270400 

140608000 

22.8035 

8.0415 

1633.6 

212372 

NATURAL  TANGENTS 
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Table  or  Tangents  and  Co-Tangents 


0 

0 

1 

3 

2 

0 

3 

0 

Tan. 

Co-tan. 

Tan. 

CO-TAN. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

/ 

.00000 

Infinite. 

.01746 

57.2900 

.03492 

28.6363 

.05241 

19.0811 

60 

.00029 

3437-75o 

•01775 

56.3506 

•03521 

28.3994 

.05270 

18.9755 

59 

.00058 

1718.870 

.01804 

55-4415 

•03550 

28.1664 

.05299 

18.8711 

58 

.00087 

1145.920 

.01833 

54-56I3 

•03579 

27.9372 

.05328 

18.7678 

57 

.00116 

859-436 

.01862 

53.7086 

.03609 

27.7117 

•o5357 

18.6656 

56 

.00145 

687.549 

.01891 

52.8821 

.03638 

27.4899 

•05387 

18.5645 

55 

.00175 

572.957 

.01920 

52.0807 

.03667 

27.2715 

.05416 

18.4645 

54 

.00204 

491.106 

.01949 

5I-3032 

.03696 

27.0566 

•05445 

18.3655 

53 

.00233 

429.718 

.01978 

50.5485 

•03725 

26.8450 

•05474 

18.2677 

52 

.00262 

381.971 

.02007 

49.8157 

•03754 

26.6367 

.05503 

18.1708 

51 

.00291 

343-774 

.02036 

49.IO39 

•03783 

26.4316 

•05533 

18.0750 

50 

.00320 

312.521 

.02066 

48.4121 

.03812 

26.2296 

.05562 

17.9802 

49 

.00349 

286.478 

.02095 

47-7395 

.03842 

26.0307 

.05591 

17.8863 

48 

.00378 

264.441 

.02124 

47-0853 

.03871 

25-8348 

.05620 

17-7934 

47 

.00407 

245-552 

.02153 

46.4489 

.03900 

25.6418 

.05649 

17.7015 

46 

.00436 

229.182 

.02182 

45.8294 

.03929 

25-4517 

.05678 

17.6106 

45 

.00465 

214.858 

.02211 

45.2261 

•03958 

25.2644 

.05708 

17-5205 

44 

.00495 

202.219 

.02240 

44.6386 

•03987 

25.0798 

•05737 

I7-43I4 

43 

.00524 

190.984 

.02269 

44.0661 

.04016 

24.8978 

.05766 

17-3432 

42 

•00553 

180.932 

.02298 

43.5081 

.04046 

24.7185 

•05795 

17.2558 

41 

.00582 

171-885 

.02328 

42.9641 

•04075 

24.5418 

.05824 

17.1693 

40 

.00611 

163.700 

•02357 

42-4335 

.04104 

24-3675 

.05854 

17.0837 

39 

.00640 

156.259 

.02386 

41.9158 

•04133 

24.1957 

.05883 

16.9990 

38 

.00669 

149.465 

•02415 

41.4106 

.04162 

24.0263 

.05912 

16.9150 

37 

.00698 

143-237 

.02444 

40.9174 

.04191 

23-8593 

.05941 

16.8319 

36 

.00727 

I37-507 

•02473 

40.4358 

.04220 

23-6945 

•05970 

16.7496 

35 

.00756 

132.219 

.02502 

39-9655 

.04250 

23.5321 

•05999 

16.6681 

34 

.00785 

127.321 

.02531 

39-5059 

.04279 

23-3718 

.06029 

16.5874 

33 

.00814 

122.774 

.02560 

39.0568 

.04308 

23.2137 

.06058 

16.5075 

32 

.00844 

118.540 

.02589 

38.6177 

•04337 

23-0577 

.06087 

16.4283 

31 

.00873 

114-589 

.02619 

38.1885 

.04366 

22.9038 

.06116 

16.3499 

30 

.00902 

110.892 

.02648 

37.7686 

.04395 

22.7519 

.06145 

16.2722 

29 

•00931 

107.426 

.02677 

37-3579 

.04424 

22.6020 

.06175 

16.1952 

28 

.00960 

104.171 

.02706 

36.9560 

•04454 

22.4541 

.06204 

16.1190 

27 

.00989 

101.107 

•02735 

36.5627 

.04483 

22.3081 

.06233 

16.0435 

26 

.01018 

98.2179 

.02764 

36.1776 

.04512 

22.1640 

.06262 

15-9687 

25 

.01047 

j  9S-4895 

.02793 

35-8oo6 

.04541 

22.0217 

.06291 

I5-8945 

24 

.01076 

;  92.9085 

.02822 

35-4313 

•04570 

21.8813 

.06321 

15.8211 

23 

.01105 

;  90-4633 

.02851 

35-o695 

•04599 

21.7426 

.06350 

I5-7483 

22 

•0113S 

1  88.1436 

.028S1 

34-7I5I 

.04628 

21.6056 

.06379 

15.6762 

21 

.01164 

j  85.9398 

.02910 

34-3678 

.04658 

21.4704 

.06408 

15.6048 

20 

.01193 

i  83.8435 

.02939 

34-0273 

.04687 

21.3369 

•06437 

I5-5340 

19 

.01222 

i  81.8470 

.02968 

33-6935 

.04716 

21.2049 

.06467 

15.4638 

18 

.01251 

•  79-9434 

.02997 

33.3662 

•04745 

21.0747 

.06496 

15-3943 

17 

.01280 

i  28-1263 

.03026 

33-0452 

•04774 

20.9460 

.06525 

I5-3254 

16 

.01309 

|  J6.3900 

•03055 

32.7303 

.04803 

20.8188 

•06554 

15-2571 

15 

.01338 

j  74-7292 

.03084 

32.4213 

.04832 

20.6932 

.06584 

15-1893 

14 

•01367 

73-I390 

.03114 

32.1181 

.04862 

20.50QI 

.06613 

15.1222 

13 

.01396 

'  7i-6i5i 

•03143 

31.8205 

.04891 

20.4465 

.06642 

I5-0557 

12 

.01425 

70.I533 

.03172 

31-5284 

.04920 

2O.3253 

.06671 

14.9898 

11 

•0145s 

68.7501 

.03201 

31.2416 

•04949 

20.2056 

.06700 

14.9244 

10 

.01484 

67.4019 

•03230 

30.9599 

.04978 

2O.0872 

•06730 

14.8596 

9 

•01513 

66.1055 

•03259 

30-6833 

.05007 

I9.9702 

.06759 

14-7954 

8 

.01542 

64.8580 

.03288 

30.4116 

•05037 

I9.8546 

.06788 

I4-73I7 

7 

.01571 

63.6567 

•03317 

30.1446 

.05066 

I9.7403 

.06817 

14-6685 

6 

.01600 

62.4992 

•03346 

29.8823 

•05095 

I9-6273 

.06847 

14.6059 

5 

.01629 

61.3829 

•03376 

29.6245 

.05124 

I9-5I56 

.06876 

I4-5438 

4 

.01658 

60.3058 

•03405 

29.3711 

•05153 

I9-405I 

.06905 

14-4823 

3 

.01687 

59-2659 

•03434 

29.1220 

.05182 

19.2959 

.06934 

14.4212 

2 

.01716 

58.2612 

•03463 

28.8771 

.05212 

I9.1879 

.06963 

14.3607 

1 

.01746 

57.2900 
Tan. 

.03492 

28.6363 

•05241 

I9.081 1 

•06993 

14.3007 

0 

Co-tan. 

.Co-tan. 

Tan. 

1C0-TAN. 

Tan. 

L 

KJO-TAN. 

1  Tan. 

t 

i 

S9° 

II    £ 

8° 

L   8 

7° 

1    ..  i 

;6° 

1594 


GENERAL  TABLES 


4< 

3 

5° 

6 

0 

7 

3 

Tan. 

CO-TAN. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

.06993 

14.3007 

.08749 

11-4301 

.10510 

9-51436 

.12278 

8-14435 

.07022 

14.2411 

.08778 

11.3919 

.10540 

9.48781 

.12308 

8.12481 

.07051 

14.1821 

.08807 

H-3540 

.10569 

9.46141 

•12338 

8.10536 

.07080 

14-1235 

.08837 

11.3163 

.10599 

9-43515 

.12367 

8.08600 

.07110 

14.0655 

.08866 

11.2789 

.10628 

9.40904 

•12397 

8.06674 

.07139 

14.0079 

.08895 

11.2417 

.10657 

9-38307 

.12426 

8.04756 

.07168 

I3-9507 

.08925 

11.2048 

.10687 

9-35724 

.12456 

8.02848 

.07197 

13.8940 

.08954 

11.1681 

.10716 

9-33154 

.12485 

8.00948 

.07227 

I3-8378 

.08983 

11.1316 

.10746 

930599 

•12515 

7.99058 

.07256 

13.7821 

.09013 

11.0954 

•10775 

9.28058 

.12544 

7.97176 

.07285 

I3-7267 

.09042 

11.0594 

.10805 

9-25530 

•12574 

7-95302 

•07314 

13.6719 

.09071 

11.0237 

.10834 

9.23016 

.12603 

7-93438 

•07344 

13.6174 

.09101 

10.9882 

.10863 

9.20516 

.12633 

7.91582 

•07373 

I3-5634 

.09130 

10.9529 

.10893 

9.18028 

.12662 

7-89734 

.07402 

13.5098 

•09159 

10.9178 

.10922 

9-15554 

.12692 

7.87895 

•07431 

13.4566 

.09189 

10.8829 

.10952 

9-I3093 

.12722 

7.86064 

.07461 

I3-4039 

.09218 

10.8483 

.10981 

9.10646 

.12751 

7.84242 

.07490 

I3-35I5 

.09247 

10.8139 

.IIOII 

9.0821 1 

.12781 

7.82428 

•07519 

13.2996 

.09277 

10.7797 

.11040 

9.05789 

.12810 

7.80622 

.07548 

13.2480 

.09306 

10.7457 

.11070 

903379 

.12840 

7.78825 

•07578 

13.1969 

•09335 

10.7119 

.  11099 

9.00983 

.12869 

7-77035 

.07607 

13.1461 

•09365 

10.6783 

.11128 

8.98598 

.12899 

7-75254 

.07636 

13.0958 

.09394 

10.6450 

.11158 

8.96227 

.12929 

7.73480 

.07665 

13.0458 

.09423 

10.6118 

.11187 

8.93867 

.12958 

7-7I7I5 

.07695 

12.9962 

•09453 

10.5789 

.11217 

8.91520 

.12988 

769957 

•07724 

12.9469 

.09482 

10.5462 

.11246 

8.89185 

.13017 

7.68208 

•07753 

12.8981 

.09511 

10.5136 

.11276 

8.86862 

•13047 

7.66466 

.07782 

12.8496 

.09541 

10.4813 

•11305 

8.84551 

.13076 

7.64732 

.07812 

12.8014 

.09570 

10.4491 

•"335 

8.82252 

.13106 

7.63005 

.07841 

12.7536 

.09600 

10.4172 

.11364 

8.79964 

.13136 

7.61287 

.07870 

12.7062 

.09629 

10.3854 

•1 1394 

8.77689 

•13165 

7-59575 

.07899 

12.6591 

.09658 

10.3538 

.11423 

8-75425 

•13195 

7.57872 

.07929 

12.6124 

.09688 

10.3224 

.11452 

8.73172 

.13224 

7.56176 

•07958 

12.5660 

.09717 

10.2913 

.11482 

8.70931 

•13254 

7-54487 

.07987 

12.5199 

.09746 

10.2602 

.11511 

8.687c  1 

.13284 

7.52806 

.08017 

12.4742 

.09776 

10.2294 

.11541 

8.66482 

•13313 

7-5II32 

.08046 

12.4288 

.09805 

10.1988 

.11570 

8.64275 

.13343 

7-49465 

.08075 

12.3838 

.09834 

10.1683 

.11600 

8.62078 

•13372 

7.47806 

.08104 

12.3390 

.09864 

10.1381 

.11629 

8.59893 

.13402 

7.46154 

.08134 

12.2946 

.09893 

10.1080 

.11659 

8.57718 

•13432 

7-44509 

.08163 

12.2505 

.09923 

10.0780 

.11688 

8-55555 

.13461 

7.42871 

.08192 

12.2067 

.09952 

10.0483 

.11718 

8.53402 

.13491 

7.41240 

.08221 

12.1632 

.09981 

10.0187 

.11747 

8.51259 

•13521 

7.39616 

.08251 

I2.I20I 

.10011 

9.98931 

.11777 

8.49128 

•13550 

7-37999 

.08280 

I2.0772 

.10040 

9.96007 

.11806 

8.47007 

.13580 

736389 

.08309 

I2.O346 

.10069 

9.93101 

.11836 

8.44896 

.13609 

7.34786 

•08339 

11.9923 

.10099 

9.902 1 1 

.11865 

8.42795 

•13639 

7-33I90 

.08368 

II.9504 

.10128 

9-87338 

.11895 

8.40705 

.13669 

7.31600 

•08397 

II.9087 

.10158 

9.84482 

.11924 

8.38625 

.13698 

7.30018 

.08427 

II.8673 

.10187 

9.81641 

.11954 

8.36555 

.13728 

7.28442 

.08456 

II.8262 

.10216 

9.78817 

.11983 

8.34496 

.13758 

7-26873 

.08485 

II-7853 

.10246 

9.76009 

.12013 

8.32446 

.13787 

7-253IO 

.08514 

11.7448 

.10275 

9-73217 

.12042 

8.30406 

.13817 

7-23754 

.08544 

II.7045 

.10305 

9.70441 

.12072 

8.28376 

.13846 

7.22204 

•08573 

II.6645 

•10334 

9.67680 

.12101 

8.26355 

.13876 

7.20661 

.08602 

II.6248 

.10363 

9-64935 

.12131 

8.24345 

.13906 

7-19125 

.08632 

11.5853 

.10393 

9.62205 

.12160 

8.22344 

•13935 

7-17594 

.08661 

II.5461 

.10422 

9.59490 

.12190 

8.20352 

•13965 

7.16071 

.08690 

II.5072 

.10452 

9.56791 

.12219 

8.18370 

•13995 

7-14553 

.08720 

II.4685 

.10481 

9.54106 

.12249 

8.16398 

.14024 

7.13042 

.08749 

1 1. 43OI 

.10510 

9-51436 

.12278 

8.14435 

.14054 

7-H537 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

1     * 

!5° 

84° 

8 

3° 

8 

2° 

NATURAL  TANGENTS 


1595 


8 

3 

9 

3 

10° 

11° 

'   Tan. 

CO-TAN. 

Tan. 

CO-TAN. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

t 

0  .14054 

7-H537 

.15838 

6.31375 

•17633 

567128 

.19438 

5-14455 

60 

1 

14084 

7.10038 

.15868 

6.30189 

.17663 

566165 

.19468 

5-13658 

59 

2 

14113 

7-08546 

.15898 

6.29007 

.17693 

5-65205 

.19498 

5.12862 

58 

3 

14143 

7.07059 

.15928 

6.27829 

•17723 

5.64248 

.19529 

5.12069 

57 

4 

14173 

7-05579 

.15958 

6.26655 

•17753 

5-63295 

•19559 

5.11279 

56 

5 

14202 

7.04105 

.15988 

6.25486 

.17783 

5-62344 

.19589 

5.10490 

55 

6 

14232 

7.02637 

.16017 

6.24321 

.17813 

5-6i397 

.19619 

5.09704 

54 

7 

14262 

7.01 1 74 

.16047 

6.23160 

.17843 

5.60452 

.19649 

5.08921 

53 

8 

14291 

6.99718 

.16077 

6.22003 

.17873 

5-595*1 

.19680 

5.08139 

52 

9 

14321 

6.98268 

.16107 

6.20851 

.17903 

5-58573 

.19710 

5.07360 

5i 

0 

14351 

6.96823 

.16137 

6.19703 

•17933 

5-57638 

.19740 

5.06584 

5o 

1 

14381 

6.95385 

.16167 

6.18550 

.17963 

5.56706 

.19770 

5.05809 

49 

2 

14410 

6-93952 

.16196 

6.17419 

•17993 

5-55777 

.19801 

5-05037 

48 

3 

14440 

6.92525 

.16226 

6.16283 

.18023 

5-5485I 

.19831 

5.04267 

47 

4 

14470 

6.9 1 104 

.16256 

6.I5I5I 

.18053 

5-53927 

.19861 

5-03499 

46 

5 

14499 

6.89688 

.16286 

6.14023 

.18083 

5-53007 

.19891 

5-02734 

45 

6 

14529 

6.88278 

.16316 

6.12899 

.18113 

5.52090 

.19921 

5-OI97I 

44 

7 

14559 

6-86874 

.16346 

6.11779 

.18143 

5-5II76 

.19952 

5.01210 

43 

8 

14588 

6.85475 

.16376 

6.10664 

.18173 

5-50264 

.19982 

5-00451 

42 

9 

14618 

6.840S2 

.16405 

6.09552 

.18203 

5-49356 

.20012 

4.99695 

41 

0 

14648 

6.82694 

.16435 

6.08444 

.18233 

5-4845I 

.20042 

4.98940 

40 

1 

1467S 

6.81312 

.16465 

6.07340 

.18263 

5-47548 

.20073 

4.98188 

39 

2 

14707 

6.79936 

.16495 

6.06240 

.18293 

5.46648 

.20103 

4-97438 

38 

3 

14737 

6.78564 

•16525 

6.05143 

.18323 

5-45751 

.20133 

4.96690 

37 

4 

14767 

6.77199 

.16555 

6.04051 

.18353 

5-44857 

.20164 

4-95945 

36 

5 

14796 

6.75838 

.16585 

6.02962 

.18383 

5-43966 

.20194 

4.95201 

35 

6 

14826 

6.74483 

.16615 

6.01878 

.18414 

5-43077 

.20224 

4.94460 

34 

7 

14856 

6.73133 

.16645 

6.00797 

.18444 

5.42192 

.20254 

4.93721 

33 

8 

14886 

6.71789 

.16674 

5.99720 

.18474 

5-4I309 

.20285 

4.92984 

32 

9 

14915 

6.70450 

.16704 

5.98646 

.18504 

5.40429 

.20315 

4.92249 

3i 

0 

14945 

6.691 16 

•16734 

5-97576 

•18534 

5-39552 

•20345 

4-9I5I6 

3° 

1 

14975 

6.C7787 

.16764 

5.96510 

.18564 

5-38677 

.20376 

4.90785 

2g 

2 

15005 

6.66463 

.16794 

5-95448 

.18594 

5-378o5 

.20406 

4.90056 

28 

3 

15034 

6.65144 

.16824 

5-94390 

.18624 

5-36936 

.20436 

4-89330 

27 

4 

15064 

6.63831 

.16854 

5-93335 

.18654 

5-36070 

.20466 

4.83605 

26 

5 

15094 

6.62523 

.16S84 

5.92283 

.18684 

5-352o6 

.20497 

4.87882 

25 

6 

15124 

6.61219 

.16914 

5-91235 

.18714 

5-34345 

.20527 

4.87162 

24 

7 

15153 

6.59921 

.16944 

5-90191 

.18745 

5-33487 

•20557 

4.86444 

23 

S 

15183 

6.58627 

.16974 

5-89151 

.18775 

5-32631 

.20588 

4.85727 

22 

9 

15213 

6-57339 

.17004 

5.881 14 

.18805 

5-3I778 

.20618 

4.85013 

21 

3 

15243 

6.56055 

•17033 

5.87080 

.18835 

5.30928 

.20648 

4.84300 

20 

I 

15272 

6-54777 

.17063 

5.86051 

.18865 

5.30080 

.20679 

4-83590 

IS 

2 

15302 

6.53503 

•17093 

5.85024 

.18895 

5-29235 

.20709 

4.82882 

18 

3 

15332 

6.52234 

.17123 

5.84001 

.18925 

5-28393 

.20739 

4.82175 

17 

4 

15362 

6.50970 

-17153 

5.82982 

.18955 

5-27553 

.20770 

4.81471 

id 

5 

15391 

6.49710 

.17183 

5.81966 

.18986 

5-26715 

.20800 

4.80769 

15 

5 

1 542 1 

6.48456 

.17213 

5-80953 

.19016 

5-25880 

.20830 

4.80068 

14 

7 

15451 

6.47206 

•17243 

5-79944 

.19046 

5.25048 

.20861 

4 -793 7o 

13 

S 

1 5481 

6.45961 

•17273 

5-78938 

.19076 

5.24218 

.20891 

4-78673 

12 

? 

15511 

6.44720 

•17303 

5-77936 

.19106 

5-23391 

.20921 

4.77978 

11 

3 

15540 

6.43484 

•17333 

5-76937 

.19136 

5.22566 

.20952 

4.77286 

10 

[ 

15570 

6.42253 

.17363 

5-75941 

.19166 

5.21744 

.20982 

4-76595 

9 

! 

15600 

6.41026 

•17393 

5-74949 

.19197 

5.20925 

.21013 

4.75906 

8 

J 

15630 

6.39804 

.17423 

5.73960 

.19227 

5.20107 

.21043 

4-75219 

7 

I 

15660 

6.38587 

•17453 

5-72974 

•19257 

5-I9293 

.21073 

4-74534 

6 

; 

15689 

6-37374 

.17483 

5.71992 

.19287 

5.18480 

.21104 

4-7385I 

5 

) 

15719 

6.36165 

•17513 

5-7IOI3 

•19317 

5-I767I 

.21134 

4-73I70 

4 

15749 

6.34961 

•17543 

5-70037 

.19347 

5-16863 

.21164 

4.72400 

3 

5 

15779 

6.33761 

•17573 

5.69064 

.19378 

5.16058 

.21195 

4-71813 

2 

> 

15809 

6.32566 

.17603 

5.68094 

.19408 

5-I5256 

.21225 

4-7U37 

1 

• 

15838 

6.31375 

•17633 

5-67128 

.19438 

5-M455 

.21256 

4.70463 

0 

Co-tan. 

Tan.  ! 

Co-tan  . 

Tan.  I 

Co-tan  . 

Tan. 

Co-tan. 

Tan.   ' 

8 

1°     1 

& 

0°    L 

7 

9° 

7 

5°     1 

150 


GENERAL  TABLES 


12° 

13° 

14° 

15° 

Tan. 

CO-TAN. 

Tan. 

CO-TAN. 

Tan. 

Co-TAN. 

Tan. 

CO-TAN. 

.21256 

4.70463 

.23087 

4-33I48 

•24933 

4.OIO78 

•26795 

3.73205   ( 

.21286 

4.6979I 

.23117 

4-32573 

.24964 

4.OO582 

.26826 

3.7277I   i 

.21316 

4.69121 

.23148 

4.320OI 

•24995 

4.OC086 

.26857 

3-72338   | 

•21347 

4.68452 

•23179 

4-3I430 

.25026 

3-99592 

.26888 

3-7I007   ! 

.21377 

4.67786 

.23209 

4.30860 

.25056 

3.99099 

.26920 

3-7I476   .' 

.21408 

4.67121 

.23240 

4.30291 

•25087 

3.98607 

.26951 

3.71046   1 

.21438 

4.66458 

.23271 

4.29724 

.25118 

3-98ii7 

.26982 

3.70616   ' 

.21469 

4-65797 

•23301 

4.29159 

•25149 

3.97627 

.27013 

3-7oi88  1 

.21499 

4.65138 

-23332 

4-28595 

.25180 

3-97139 

.27044 

3.69761  , 

.21529 

4.64480 

•23363 

4.28032 

.25211 

3.96651 

.27076 

3-69335  . 

.21560 

4-63825 

•23393 

4.27471 

.25242 

3-96165 

.27107 

3.68909  . 

.21590 

4-63I7I 

.23424 

4.269II 

•25273 

3.95680 

•27138 

3.68485  . 

.21621 

4.62518 

•23455 

4.26352 

•25304 

3-95I96 

.27169 

3.68061 

.21651 

4.61868 

•23485 

4-25795 

•25335 

3-947I3 

.27201 

3-67638 

.21682 

4.61219 

.23516 

4-25239 

.25366 

3-94232 

.27232 

3-67217 

.21712 

4.60572 

•23547 

4-24685 

•25397 

3-93751 

.27263 

3.66796 

.21743 

4-59927 

.23578 

4.24132 

.25428 

3-9327I 

.27294 

3.66376 

•21773 

4-59283 

.23608 

4.23580 

•25459 

3-92793 

.27326 

3-65957 

.21804 

4.5864I 

•23639 

4.23030 

.25490 

3-92316 

•27357 

3-65538 

.21834 

4.580OI 

.23670 

4.22481 

•25521 

3-91839 

.27388 

3-65121 

.21864 

4-57363 

.23700 

4-21933 

•25552 

3-9I364 

.27419 

3.64705 

.21895 

4.56726 

•23731 

4.21387 

•25583 

3.90890 

.27451 

3.64289 

.21925 

4.5609I 

•23762 

4.20842 

•25614 

3.90417 

.27482 

3-63874 

.21956 

4-55458 

•23793 

4.20298 

•25645 

3-89945 

.27513 

3-63461 

.21986 

4.54826 

.23823 

4.19756 

.25676 

3-89474 

•27545 

3.63048 

.22017 

4.54196 

•23854 

4-19215 

•25707 

3.89004 

.27576 

3.62636 

.22047 

4-53568 

.23885 

4.18675 

•25738 

3-88536 

.27607 

3.62224 

.22078 

4.5294I 

.23916 

4-18137 

.25769 

3.88068 

.27638 

3.61814 

.22108 

4.52316 

.23946 

4.17600 

.25800 

3.87601 

.27670 

3.61405 

.22139 

4-5I693 

.23977 

4.17064 

•25S31 

3-87I36 

.27701 

3.60906 

.22169 

4-5I07I 

.24003 

4.16530 

.25862 

3.86671 

.27732 

3-60588 

.22200 

4-5045I 

•24039 

4-15997 

.25893 

3.86208 

.27764 

3. 60 181 

.22231 

4.49832 

.24069 

4-I5465 

.25924 

3-85745 

•27795 

3-59775 

.22261 

4.49215 

.24100 

4-14934 

•25955 

3-85284 

.27826 

3-5937Q 

.22292 

4.48600 

.24131 

4.14405 

.25986 

3-84824 

.27858 

3.58966 

.22322 

4.47986 

.24162 

4-I3877 

.26017 

3-84364 

.27889 

3-58562 

.22353 

4-47374 

.24193 

4-I3350 

.26048 

3.83906 

.27920 

3-58i6o 

.22383 

4.46764 

.24223 

4.12825 

.26079 

3-83449 

•27952 

3-57758 

.22414 

4-46i55 

•24254 

4-12301 

.26110 

3.82992 

.27983 

3-57357 

.22444 

4-45548 

.24285 

4-II778 

.26141 

3-82537 

.28015 

3-56957 

•22475 

4.44942 

.24316 

4.11256 

.26172 

3-82083 

.28046 

3-56557 

.22505 

4-44338 

•24347 

4.10736 

.26203 

3.81630 

.28077 

3-56I59 

.22536 

4-43735 

•24377 

4.10216 

.26235 

3-8ii77 

.28109 

3-5576i 

.22567 

4-43134 

.24408 

4.09699 

.26266 

3.80726 

.28140 

3-55364 

.22597 

4-42534 

.24439 

4.09182 

.26297 

3.80276 

.28172 

3-54968 

.22628 

4.41936 

.24470 

4.08666 

.26328 

3.79827 

.28203 

3-54573 

.22658 

4.41340 

.24501 

4.08152 

•26359 

3-79378 

.28234 

3-54179 

.22689 

4-40745 

•24532 

4.07639 

.26390 

3-7893I 

.28266 

3-53785 

.22719 

4-40152 

.24562 

4.07127 

.26421 

3.78485 

.28297 

3-53393 

.22750 

4-3956o 

•24593 

4.06616 

.26452 

3.78040 

.28329 

3-53001 

.22781 

4.38969 

.24624 

4.06107 

.26483 

3-77595 

.28360 

3.52609 

.22811 

4-38381 

•24655 

4-05599 

.26515 

3-77I52 

.28391 

3.52219 

.22842 

4-37793 

.24686 

4.05092 

.26546 

3.76709 

.28423 

3-51829 

.22872 

4.37207 

.24717 

4.04586 

.26577 

3.76268 

.28454 

3-5I44I 

.22903 

4.36623 

•24747 

4.04081 

.26608 

3-75828 

.28486 

3-51053 

•22934 

4.36040 

.24778 

4-03578 

.26639 

3-75388 

.28517 

3.50666 

.22964 

4-35459 

.24809 

4-03075 

.26670 

3-7495Q 

.28549 

3-50279 

.22995 

4-34879 

.24840 

4.02574 

.26701 

3-74512 

.28580 

3.49894 

.23026 

4-34300 

.24871 

4.02074 

.26733 

3-74075 

.28612 

3-49509 

.23056 

4-33723 

.24902 

4.01576 

.26764 

3-73640 

.28643 

3-49125 

.23087 

4-33I48 

•24933 

4.01078 

.26795 

3-73205 

.28675 

3.48741 

Co-TAN. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

CO-TAN. 

Tan.   ' 

7\ 

r° 

n 

i° 

71 

»° 

74 

1° 

NATURAL  TANGENTS 


1597 


16° 

17° 

|     18° 

19° 

'   Tan. 

Co-tan. 

Tan. 

Co-tan. 

[  Tan. 

Co-TAN. 

Tan. 

CO-TAN. 

f 

0  .28675 

3.48741 

.30573 

3-27085 

.32492 

3-07768 

•34433 

2.90421 

6c 

x  .28706 

3-48359 

.30605 

3-26745 

.32524 

3.07464 

•34465 

2.90147 

5C 

2  .28738 

3-47977 

.30637 

3.26406 

•32556 

3.07160 

•34498 

2.89873 

5* 

3  .2S760 

3-47596 

.30669 

3.26067 

.32588 

3-06857 

.34530 

2.8960O 

57 

4  .28800 

3-472i6 

.30700 

3-25729 

.32621 

3-06554 

•34563 

2.89327 

5* 

5  -28832 

3-46837 

.30732 

325392 

•32653 

3.06252 

•34596 

2.89055 

55 

6  .28864 

3.46458 

.30764 

3-25055 

.32685 

3.05950 

.34628 

2.88783 

54 

1     .28895 

3.46080 

.30796 

3.24719 

.32717 

3-05649 

•34661 

2.885H 

53 

8  .28927 

3-45703 

.30828 

3-24383 

•32749 

3-05349 

.34693 

2.8824O 

52 

9   .28958 

3-45327 

.30860 

3.24049 

•32782 

3-05049 

•34726 

2.87970 

5i 

:o   .28990 

3-44951 

.30891 

3-23714 

'32814 

3-Q4749 

•34758 

2.877OO 

5° 

:i   .29021 

3.44576 

.30923 

3-23381 

.32846 

3-04450 

•34791 

2.87430 

4Q 

2   .29053 

3-44202 

•30955 

3.23048 

.32878 

3.04152 

•34824 

2.87161 

48 

3   .29084 

3-43829 

•30987 

3-22715 

.32911 

3-03854 

.34856 

2.86892 

47 

4   .29116 

3-43456 

.31019 

3.22384 

.32943 

3-03556 

.34889 

2.86624 

46 

5   .29147 

3-43oS4 

•31051 

3-22053 

•32975 

3.03260 

.34922 

2.86356 

45 

6  .29179 

3-427I3 

.31083 

3.21722 

•33007 

3.02963 

•34954 

2.86089 

44 

7   .29210 

3-42343 

•31115 

3-21392 

•33040 

3.02667 

•34987 

2.85822 

43 

8   .29242 

3-41973 

•3"47 

3.21063 

•33072 

3-02372 

•35019 

2.85555 

42 

9  -29274 

3.41604 

.31178 

3-20734 

.33104 

3.02077 

•35052 

2.85289 

41 

0   .29305 

3-41236 

.31210 

3.20406 

•33136 

3-01783 

•35085 

2.85023 

40 

1   -29337 

3.40869 

.31242 

3.20079 

.33160 

3.01489 

•35H7 

2.84758 

39 

2   .29368 

3.40502 

•31274 

3-19752 

•33201 

3.01196 

•35150 

2.84494 

38 

3   .29400 

3-40136 

.31306 

3.19426 

•33233 

3.00903 

•35183 

2.84229 

37 

4   .29432 

3-39771 

•31338 

3.19100 

.33266 

3.0061 1 

.35216 

2.83965 

36 

S   .29463 

3-394o6 

.31370 

3-18775 

•33298 

3.00319 

•35248 

2.83702 

35 

6   .29495 

3-39042 

.31402 

3-18451 

-33330 

3.00028 

.35281 

2.83439 

34 

7   .29526 

3-38679 

.31434 

3-18127 

•33363 

2.99738 

.35314 

2.83176 

33 

8  .29558 

3-383I7 

.31466 

3.17804 

•33395 

2-99447 

•35346 

2.82914 

32 

9   .29590 

3-37955 

.31498 

3-17481 

•33427 

2.99158 

•35379 

2.82653 

3i 

3   .2962I 

3-37594 

•31530 

3-i7i59 

•3346o 

2.98868 

•35412 

2.82391 

30 

I   .29653 

3-37234 

.31562 

3-16838 

•33492 

2.98580 

•35445 

2.82130 

29 

2    .29685 

3-36875 

•31594 

3-16517 

•33524 

2.98292 

•35477 

2.8l870 

28 

3   .29716 

3-36516 

.31626 

3-16197 

•33557 

2.98004 

•355IO 

2.8l6lO 

27 

♦   .29748 

3-36158 

.31658 

3-15877 

•33589 

2.97717 

•35543 

2.81350 

26 

;  .29780 

3-358oo 

.31690 

3-15558 

•33621 

2.97430 

•35576 

2.81091 

25 

3  .29811 

3-35443- 

.31722 

3-15240 

•33654 

2.97144 

.35608 

2.80833 

24 

7      .29843 

3-35o87 

•31754 

3.14922 

.33686 

2.96858 

•35641 

2.80574 

23 

J   .29875 

3-34732 

.317S6 

3-14605 

•337i8 

2.96573 

•35674 

2.80316 

22 

)   .29906 

3-34377 

.31818 

3.14288 

•33751 

2.96288 

•35707 

2.80059 

21 

1      .29938 

3-34023 

.31850 

3-13972 

•33783 

2.96004 

•35740 

2.79802 

20 

t   .29970 

3-33670 

.31882 

3-13656 

.33816 

2.95721 

•35772 

2-79545 

19 

t   .30001 

3-33317 

.31914 

3-13341 

.33848 

2-95437 

•35805 

2.79289 

18 

5   -30033 

3-32965 

.31946 

3-13027 

.33881 

2.95155 

.35838 

•2.79033 

17 

^  .30065 

3-32614 

•31978 

3-12713 

.33913 

2.94872 

.35871 

2.78778 

16 

;  .30097 

3.32264 

.32010 

3.12400 

•33945 

2.94590 

•35904 

2.78523 

15 

>  .30128 

3-3I9I4 

.32042 

3.12087 

•33978 

2.94309 

•35937 

2.78269 

14 

.30160 

3-3I565 

•32074 

3-H775 

•34010 

2.94028 

•35969 

2.78014 

13 

>  .30192 

3-3I2I6 

.32106 

3-11464 

•34043 

2.93748 

.36002 

2.77761 

12 

>  .30224 

3-3o868 

•32139 

3-IH53 

•34075 

2.93468 

•36035 

2.77507 

11 

1  -30255 

3-30521 

.32171 

3.10842 

•34io8 

2.93189 

.36068 

2.77254 

10 

.30287 

3-30I74 

.32203 

3-10532 

.34140 

2.92910 

.36101 

2.77002 

9 

1  -30319 

3.29829 

•32235 

3-10223 

•34173 

2.92632 

•36i34 

2.7675O 

8 

1  -30351 

3-29483 

.32267 

3.09914 

•34205 

2.92354 

•36167 

2.76498 

7 

•  .30382 

3-29139 

.32299 

3.09606 

•34238 

2.92076 

.36199 

2.76247 

6 

.30414 

3-28795 

.32331 

3.09298 

•34270 

2.91799 

.36232 

2.75996 

5 

1  .30446 

3.28452 

.32363 

3-08991 

•34303 

2.91523 

.36265 

2.75746 

4 

.30478 

3.28109 

.32396 

3-08685 

•34335 

2.91246 

.36298 

2.75496 

3 

•30509 

3.27767 

.32428 

308379 

.34368 

2.90971 

•36331 

3.75246 

a 

•30541 

3.27426 

.32460 

3.08073 

.34400 

2.90696 

•36364 

2.74997 

1 

•30573 

3-27085 

.32492 

3-07768 

•34433 

2.90421 

•36397 

2.74748 

0 

Co-tan- 

Tan. 

Co-tan. 

Tan. 

CO-TAN. 

Tan. 

Co-TAN. 

Tan. 

/ 

71 

5° 

7: 

2° 

7 

L° 

7 

0° 

1598 


GENERAL  TABLES 


20° 

Tan.     Co-tan. 


•36397 
•36430 
•36463 
.36496 
•36529 
.36562 

•36595 
.36628 
.36661 
.36694 
.36727 

.36760 

•36793 
.36826 

.36859 
.36892 
•36925 
.36958 
•36991 
•37024 
•37057 
•37000 
•37124 
•37157 
.37190 
•37223 
•37256 
.37289 
•37322 
•37355 
.37388 
.37422 

•37455 
.37488 
•3752i 
•37554 
.37588 
.37621 

.37654 
.37687 
.37720 

•37754 
•37787 
.37820 
•37853 
•37387 
.37920 

•37953 
.37986 
.38020 
.38053 
.38086 
.38120 

•38i53 
.38186 
.38220 
.38253 
.38286 
.38320 

•38353 
.38386 


CO-TAN 


2.74748 
2.74499 
2.74251 
2.74004 
2.73756 
2.73509 
2.73263 
2.73017 
2.72771 
2.72526 
2.72281 
2.72036 
2.71792 
2.71548 
2.71305 
2.71062 
2.70819 
2.70577 

2.70335 
2.70094 
2.69853 

2.69612 
2.69371 
2.69131 


21° 
Tan.  Co-tan. 


2.68653 
2.68414 
2. ',8175 
2.67937 
2.67700 
2.67462 

2.67225 
2.66989 
2.66752 
2.66516 
2.66281 
2 .66046 
2.65811 
2.65576 
2.65342 
2.65109 
2.64875 
2.64642 
2.64410 
2.64177 

2-63945 
2.63714 
2.63483 
2.63252 
2.63021 
2.62791 

2.62561 
2.62332 
2.62103 
2.61874 
2.61646 
2.61418 
2.61190 
2.60963 
2.60736 
2.60509 


Tan. 


69< 


.38386 
.38420 
•38453 
.38487 
.38520 
.38553 
.38587 
.38620 

.38654 
.38687 
.38721 

.38754 
.38787 
.38821 

.38854 


.38921 
•38955 
.38988 
.39022 
•39055 
.39089 
.39122 
•39156 
.39190 
•39223 
•39257 
.39290 
•39324 
•39357 
•39391 

•39425 
.39458 
•39492 
.39526 
•39559 
•39593 
.39626 
.39660 
•39694 
•39727 
•3976i 
•39795 
.39829 
.39862 
.39896 
•39930 
•39963 
•39997 
.40031 
.40065 

.40098 
.40132 
.40166 
.40200 

.40234 
.40267 
.40301 
•40335 
•40369 
.40403 


CO-TAN. 


2.60509 
2.60283 
2.60057 
2.59831 
2.59606 
2.59381 
2.59156 
2.58932 
2.58708 
2.58484 
2.58261 

2.58038 
2.57815 
2-57593 
2.57371 
2.57I50 
2.56928 
2.56707 
2.56487 
2.56266 
2.56046 
2-55827 
2.55608 
2.55389 
2.55I70 
2-54952 
2-54734 
2.54516 

2.54299 
2.54082 
2.53865 
2.53648 
2-53432 
2-53217 
2.53001 
2.52786 
2-5257I 
2.52357 
2.52142 
2.51929 
2.5I7I5 
2.51502 
2.51289 
2.51076 
2.50864 
2.50652 
2.50440 
2.50229 
2.50018 
2.49807 
2-49597 
2.49386 
2.49177 
2.48967 
2.48758 
2.48549 
2.48340 
2.48132 
2.47924 
2.47716 
2.47509 


Tan. 


68c 


22° 
Tan.   Co-tan. 


40403 
40436 
40470 
40504 
40538 
40572 
40606 
40640 
40674 
40707 
40741 

40775 
40809 
40843 
40877 
4091 1 
40945 
40979 
41013 
41047 
41081 

41115 
41 149 
411S3 
41217 

41251 
41285 

41319 
41353 
41387 
41421 

41455 
41490 
41524 
41558 
41592 
41626 
41660 
41694 
41728 
41763 

41797 
41831 
41865 
41899 

41933 
41968 
42002 
42036 
42070 
42105 

42139 
42173 
42207 
42242 
42276 
42310 
42345 
42379 
42413 
42447 


2.47509 
2.47302 
2.47095 


2.46682 
2.46476 
2.46270 
2.46065 
2.45860 
2-45655 
2-45451 
2.45246 

2.45043 
2.44839 
2.44636 

2-44433 
2.44230 
2.44027 
2.43825 
2.43623 
2.43422 
2.43220 

2.43019 
2.42819 
2.42618 
2.4241S 
2.42218 
2.42019 
2.41819 
2.41620 
2.41421 

2.41223 
2.41025 
2.40827 
2.40629 
2.40432 
2.40235 
2.40038 
2.39841 
2.39645 
2-39449 

2-39253 
2.39058 
2.38862 
2.38668 

2.3S473 
2.38279 
2.38084 
2.37891 
2.37697 
2-37504 
2.37311 
2.37118 
2.36925 

2.36733 
2.36541 

2-36349 
2.36158 

2.35967 
2.35776 
2.35585 


Co-tan.   Tan. 
67° 


23° 

Tan.  Co-tan. 


42447 
42482 
42516 
42551 
42585 
42619 
42654 
42688 
42722 

42757 
42791 

42826 
42860 
42894 
42929 

42963 
42998 
43032 
43067 
43101 
43136 

43170 
43205 
43239 
43274 
43308 
43343 
43378 
43412 
43447 
4348i 
435i6 
43550 
43585 
43620 

43654 
43689 

43724 
43758 
43793 
43828 

43862 
43897 
43932 
43966 
44001 
44036 
44071 
44105 
44140 
44175 
44210 
44244 
442  79 
44314 
44349 
44384 
44418 

44453 
44488 

44523 


Co-tan 


Tan. 


66c 


NATURAL  TANGENTS 


1599 


24° 

25° 

26° 

27° 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

3    -44523 

2 .24604 

.46631 

2.14451 

.48773 

2.05030 

.50953 

1.96261 

60 

1  -44558 

2.24428 

.46666 

2.14288 

.48809 

2.04879 

.50989 

1.96120 

59 

2  -44593 

2.24252 

.46702 

2.14125 

.48845 

2.04728 

.51026 

1-95979 

58 

3  .44627 

2.24077 

•46737 

2.13963 

.48881 

2.04577 

.51063 

1.95838 

57 

4  .44662 

2.23Q02 

•46772 

2.13801 

.48917 

2.04426 

.51099 

1.95698 

56 

5   -44697 

2.23727 

.46808 

2.13639 

.48953 

2.04276 

•51136 

1-95557 

55 

5   .44732 

2-23553 

.46843 

2.13477 

.48989 

2.04125 

•5H73 

I-954I7 

54 

7   -44767 

2.23378 

.46879 

2.13316 

.49026 

2.03975 

.51209 

I.952T7 

53 

i     .44802 

2.23204 

.46914 

2.13154 

.49062 

2.03825 

.51246 

I-95I37 

52 

?  -44837 

2.23030 

.46950 

2.12993 

.49098 

2.03675 

.51283 

1.94997 

51 

3    .44872 

2.22857 

.46985 

2.12832 

•49134 

2.03526 

•51319 

1.94858 

50 

t  .44907 

2.22683 

.47021 

2.12671 

.49170 

2-03376 

•51356 

1.94718 

49 

2  .44942 

2.22510 

.47056 

2.12511 

.49206 

2.03227 

•51393 

1-94579 

48 

J   -44977 

2.22337 

.47092 

2.12350 

.49242 

2.03078 

•51430 

1.94440 

47 

I      .45012 

2.22164 

.47128 

2.12190 

•49278 

2.02929 

•51467 

1.94301 

46 

>  -45047 

2.21992 

•47163 

2.12030 

•49315 

2.02780 

•51503 

I.94162 

45 

5  .45082 

2.21819 

.47199 

2.11871 

•49351 

2.02631 

•51540 

1.94023 

44 

'  -45117 

2.21647 

•47234 

2.11711 

•49387 

2.02483 

•51577 

1.93885 

43 

5  .45152 

2.21475 

•47270 

2.11552 

.49423 

2.02335 

.51614 

1.93746 

42 

)  -45187 

2.21304 

•47305 

2.11392 

•49459 

2.02187 

.51651 

1.93608 

41 

>  .45222 

2.21132 

•47341 

2.11233 

•49495 

2.02039 

.51688 

i-9347o 

40 

•452  57 

2.20961 

•47377 

2.11075 

-49532 

2.01891 

•51724 

1-93332 

39 

:   .45292 

2.20790 

.47412 

2.10916 

.49568 

2.01743 

.51761 

I-93I95 

38 

i   .45327 

2.20619 

.47448 

2.10758 

.49604 

2.01596 

•51798 

I-93057 

37 

:      -45362 

2.20449 

•47483 

2.10600 

.49640 

2.01449 

.51835 

1.92920 

36 

I   -45397 

2.20278 

•47519 

2.10442 

.49677 

2.01302 

.51872 

1.92782 

35 

>   -45432 

2.20108 

•47555 

2.10284 

•49713 

2.01155 

.51909 

1.92645 

34 

'   .45467 

2.19938 

•47500 

2.10126 

•49749 

2.01008 

•51946 

1.92508 

33 

>      .45502 

2.19769 

.47626 

2.09969 

.49786 

2.00862 

•51983 

I-9237I 

32 

•   -45537 

2.19599 

.47662 

2.0981 1 

.49822 

2.00715 

.52020 

1.92235 

31 

'   -45573 

2.19430 

.47698 

2.09654 

.49858 

2.00569 

•52057 

1.92098 

30 

.45608 

2.19261 

•47733 

2.09498 

.49894 

2.00423 

•52094 

1.91962 

29 

'   -45643 

2.19092 

.47769 

2.09341 

•49931 

2.00277 

•52131 

1.91826 

28 

.45678 

2.18923 

.47805 

2.09184 

.49967 

2.00131 

.52168 

1.91690 

27 

■   .45713 

2.18755 

.47840 

2.09028 

.50004 

1.99986 

.52205 

I-9I554 

26 

.45748 

2.18587 

.47876 

2.08872 

.50040 

1. 99841 

.52242 

1.91418 

25 

1   .45784 

2.18419 

.47912 

2.08716 

.50076 

1.99695 

.52279 

1.91282 

24 

.45819 

2.18251 

•47948 

2.08560 

•501 13 

1-99550 

.52316 

1.91147 

23 

•   .45854 

2.18084 

.47984 

2.08405 

.50149 

1.99406 

•52353 

1.91012 

22 

■   .45889 

2.17916 

.48019 

2.08250 

.50185 

1. 99261 

•52390 

1.90876 

21 

•45924 

2.17749 

•48055 

2.08094 

.50222 

1.99116 

•52427 

1. 90741 

20 

.45960 

2.17582 

.48091 

2.07939 

.50258 

I.98972 

.52464 

1.90607 

19 

•45995 

2.17416 

.48127 

2.07785 

•50295 

1.98828 

.52501 

1.90472 

18 

.46030 

2.17249 

.48163 

2.07630 

•50331 

1.98684 

.52538 

I-90337 

17 

.46065 

2.17083 

.48198 

2.07476 

.50368 

1.98540 

.52575 

I.90203 

16 

.46101 

2.16917 

.48234 

2.07321 

.50404 

1.98396 

.52613 

1.90069 

15 

•46136 

2.16751 

.48270 

2.07167 

.50441 

I.98253 

.52650 

1-89935 

14 

.46171 

2.16585 

.48306 

2.07014 

•50477 

1. 981 10 

.52687 

1. 8980 1 

13 

.46206 

2.16420 

.48342 

2.06S60 

•50514 

1.97966 

.52724 

1.89667 

12 

.46242 

2.16255 

.48378 

2.06706 

•50550 

1.97823 

.52761 

1-89533 

11 

•46277 

2.16000 

.48414 

2.06553 

.50587 

1.97680 

.52798 

1 .89400 

ID 

.46312 

2-15925 

.48450 

2.06400 

.50623 

1-97538 

.52836 

1.89266 

9 

.46348 

2.15760 

.48486 

2.06247 

.50660 

1-97395 

.52873 

I-89I33 

8 

•46383 

2.15596 

.48521 

2.06094 

.50696 

1-97253 

.52910 

1 .89000 

7 

.46418 

2-15432 

•48557 

2.05942 

.50733 

1.97111 

.52947 

1.88867 

6 

.46454 

2.15268 

•48593 

2.05790 

.50769 

1.96969 

.52984 

1.8S734 

5 

.46489 

2.15104 

.48629 

2.05637 

.50806 

1.96827 

.53022 

1.88602 

4 

•46525 

2.14940 

.48665 

2.05485 

•50843 

1.96685 

.53059 

1.88469 

3 

.46560 

2.14777 

.48701 

2-05333 

.50879 

1.96544 

.53096 

1-88337 

2 

•46595 

2.14614 

•48737 

2.05182 

.50916 

1.96402 

•53134 

1.88205 

1 

•46631 

2.14451 

•48773 

2.05030 

•50953 

1.96261 

•53171 

1.88073 

0 

Co-tan  . 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

f 

6 

5° 

6 

40 

6 

3° 

6 

2° 

i6oo 


GENERAL  TABLES 


28° 

29° 

SO0 

31°    f 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

o 

.53171 

1.88073 

•55431 

1.80405 

•57735 

1-73205 

.60086 

1.66428 

I 

.53208 

1. 87941 

•55469 

1. 80281 

•57774 

1.73089 

.60126 

1. 663 18 

2 

•53246 

1.87809 

•55507 

1. 80 1 58 

.57813 

1.72973 

.60165 

1.  6209 

3 

•53283 

1.87677 

•55545 

1.80034 

.57851 

1.72857 

.60205 

1 .66099 

4 

•53320 

1.87546 

•55583 

1.79911 

•57890 

1-72741 

•60245 

1.65990 

5 

•53358 

1.87415 

•55621 

1.79788 

•57929 

1.72625 

.602G4 

1. 65881 

6 

•53395 

1.87283 

•55659 

1.79665 

.57968 

1.72509 

.60324 

1.65772 

7 

•53432 

1.87152 

•55697 

1.79542 

.58007 

1-72393 

.60364 

1.65663 

8 

•53470 

1. 8 702 1 

•55736 

1-79419 

.58046 

1.72278 

.60403 

1-65534 

9 

•53507 

1. 86891 

•55774 

1.79296 

.58085 

1.72163 

.60443 

1.65445 

IO 

•53545 

1.86760 

.55812 

I-79I74 

.58124 

1.72047 

.60483 

1-65337 

ii 

.53582 

1.86630 

.55850 

1.70051 

.58162 

1-71932 

.60522 

1.65228 

12 

.53620 

1.86499 

.55888 

1.78929 

.58201 

1.71817 

.60562 

1. 65 120 

13 

.53657 

1.86369 

.55926 

1.78807 

.58240 

1. 71702 

.60602 

1.65011 

14 

•53694 

1.86239 

•55964 

1.78685 

•58279 

1.71588 

.60642 

1.64003 

IS 

•53732 

1. 86 109 

.56003 

1.78563 

.58318 

I-7I473 

.60681 

1.64795 

16 

•53769 

1.85979 

.56041 

1.78441 

•58357 

1-71358 

.60721 

1.64687 

17 

•53807 

1.85850 

•56079 

1-78319 

.58396 

1-71244 

.60761 

1.64579 

18 

•53844 

1.85720 

.56117 

1.78198 

•58435 

1.71129 

.60801 

1. 6447 1 

19 

.53882 

1-85591 

.56156 

1.78077 

•58474 

1.71015 

.60841 

1.64363 

20 

•53920 

1.85462 

•56194 

1-77955 

.58513 

1. 70901 

.60881 

1.64256 

21 

•53957 

1.85333 

.56232 

I.77834 

.58552 

1.70787 

.60921 

1. 64 1 48 

22 

•53995 

1.85204 

.56270 

I.777I3 

•58591 

1-70673 

.60960 

1. 6404 1 

23 

•54032 

1-85075 

•56309 

1.77592 

.58631 

1.70560 

.61000 

1-63934 

24 

.54070 

1.84946 

•56347 

1.77471 

.58670 

1.70446 

.61040 

1.63826 

25 

•54107 

1. 848 18 

.56385 

I.7735I 

•58709 

1.70332 

.61080 

1-63719 

26 

•54145 

1.84689 

.56424 

1.77230 

.58748 

1. 70219 

.61120 

1.63612 

27 

.54183 

1. 84561 

.56462 

1.77110 

.58787 

1. 70106 

.61160 

1-63505 

28 

.54220 

I-84433 

•56500 

1.76990 

.58826 

1.69992 

.61200 

1.63398 

29 

•54258 

1.84305 

•56539 

1.76869 

.58865 

1.69879 

.61240 

1.63292 

30 

•54296 

I.84I77 

.56577 

1.76749 

.58904 

1.69766 

.61280 

1.63185 

31 

•54333 

1.84049 

.56616 

1.76630 

.58944 

1.69653 

.61320 

1.63079 

32 

•54371 

1.83922 

.56654 

1.76510 

.58983 

1.69541 

.61360 

1.62972 

33 

•54409 

1.83794 

•56693 

1.76300 

.59022 

1.69428 

.61400 

1.62866 

34 

•54446 

1.83667 

.56731 

1.76271 

.59061 

1.69316 

.61440 

1.62760 

35 

•54484 

1.83540 

.56769 

1.76151 

.59101 

1.69203 

.61480 

1.62654 

3^ 

•54522 

1-83413 

.56808 

1*76032 

.59140 

1. 69091 

.61520 

1.62548 

37 

•5456o 

1.83286 

.56846 

I-759I3 

•59179 

1.68979 

.61561 

1.62442 

38 

•54597 

1-83159 

.56885 

1-75794 

.59218 

1.68866 

.61601 

1.62336 

39 

•54635 

1-83033 

.56923 

I-75675 

•59258 

1.68754 

.61641 

1.62230 

40 

•54673 

1.82906 

.56962 

1-75556 

•59297 

1.68643 

.61681 

1.62125 

4i 

•547H 

1.82780 

•57000 

1-75437 

•59336 

1.68531 

.61721 

1. 62019 

42 

•54748 

1.82654 

.57039 

I-753I9 

•59376 

1. 68419 

.61761 

1.61914 

43 

.54786 

1.82528 

.57078 

1.75200 

•59415 

1.68308 

.61801 

1. 6 1 808 

44 

.54824 

1.82402 

.57116 

1.75082 

•59454 

1. 68 1 96 

.61842 

1. 6 1 703 

45 

.54862 

1.82276 

•57155 

1.74964 

•59494 

1.68085 

.61882 

1. 6 1 598 

46 

.54900 

1.82150 

•57193 

1.74846 

•59533 

1.67974 

.61922 

1.61493 

47 

•54938 

1.82025 

•57232 

1.74728 

•59573 

1.67863 

.61962 

1. 6 1 388 

48 

•54975 

1. 8 1899 

•57271 

1. 746 10 

.59612 

1.67752 

.62003 

1.61283 

49 

•55013 

i.8i774 

•57309 

1.74492 

•59651 

1. 67641 

.62043 

1.61179 

SO 

•55051 

1. 8 1 649 

•57348 

1-74375 

.59691 

1-67530 

.62083 

1. 61074 

51 

•55089 

1.81524 

.57386 

1.74257 

•59730 

1.67419 

.62124 

1.60970 

52 

•55127 

1.81399 

•57425 

1.74140 

-59770 

1.67309 

.62164 

1.60865 

53 

•55165 

1.81274 

•57464 

1.74022 

.59809 

1.67198 

.62204 

1. 60761 

54 

•55203 

1.81150 

•57503 

I.73905 

.59849 

1.67088 

.62245 

1.60657 

55 

•55241 

1.81025 

•57541 

1-73788 

.59888 

1.66978 

.62285 

1-60553 

56 

•55279 

1. 8090 1 

.5758o 

1.73671 

•59928 

1.66867 

.62325 

1.60449 

57 

•55317 

1.80777 

.57619 

1-73555 

•59967 

1.66757 

.62366 

1.60345 

58 

•55355 

1.80653 

.57657 

I-73438 

.60007 

1.66647 

.62406 

1. 60241 

59 

•55393 

1.80529 

.57696 

I-7332I 

.60046 

1.66538 

.62446 

1.60137 

60 

•55431 

1.80405 

■57735 

1-73205 

.60086 

1.66428 

.62487 

1.60033 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co -TAN  . 

Tan. 

Co-tan. 

Tan. 

6 

1° 

6 

0° 

5 

9° 

!    5 

8° 

NATURAL  TANGENTS 


1601 


32° 

33° 

34° 

35° 

'   Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

/ 

>  .62487 

1.60033 

.64941 

1.53986 

•67451 

1.48256 

.70021 

1.42815 

60 

.62527 

1-59930 

.64982 

1.53888 

•67493 

1. 48 1 63 

.70064 

1.42726 

59 

>  .62568 

I.59826 

•65023 

I-5379I 

•67536 

1.48070 

.70107 

1.42638 

58 

5  .62608 

1-59723 

.65065 

1-53693 

.67578 

1-47977 

.70151 

1.42550 

57 

I     .62649 

I.59620 

.65106 

1-53595 

.67620 

1.47885 

•70194 

1.42462 

56 

1  .62689 

I-595I7 

.65148 

1-53497 

.67663 

1.47792 

.70238 

1.42374 

55 

>  .62730 

1.59414 

.65189 

1.53400 

•67705 

1.47699 

.70281 

1.42286 

54 

1  .62770 

I-593H 

•65231 

1.53302 

.67748 

1.47607 

•70325 

1.42198 

53 

;  .62811 

1.5920S 

"65272 

1-53205 

.67790 

I-47SI4 

.70368 

1.42110 

52 

1  .62852 

I-59I05 

•65314 

1-53107 

.67832 

1.47422 

.70412 

1.42022 

5i 

.62892 

1.59002 

•65355 

1.53010 

.67875 

1-47330 

•704S5 

1.41934 

50 

•62933 

1.58900 

•65397 

I-529I3 

.67917 

1.47238 

.70499 

1.41847 

49 

.62973 

I-58797 

.65438 

1.52816 

.67960 

1.47146 

.70542 

i-4i759 

48 

i  .63014 

1.58695 

.65480 

I-527I9 

.68002 

I-47053 

.70586 

1.41672 

47 

•6305s 

I-58593 

.65521 

1.52622 

.68045 

1.46962 

.70629 

1. 4 1 584 

46 

•63095 

1.58400 

•65563 

1-52525 

.68088 

1.46870 

.70673 

I-4I497 

45 

•63136 

1.58388 

.65604 

1.52429 

.68130 

1.46778 

.70717 

1.41409 

44 

•63177 

1.58286 

.65646 

1-52332 

.68173 

1.46686 

.70760 

I.41322 

43 

•63217 

1.58184 

.65688 

1-52235 

.68215 

I-4659S 

.70804 

1-41235 

42 

.63258 

1.58083 

•65729 

I-52I39 

.68258 

1-46503 

.70848 

I.41148 

41 

.63299 

i.5798i 

•65771 

1.52043 

.68301 

1. 464 1 1 

.70891 

1.41061 

40 

•63340 

I.57879 

•65813 

I-5I946 

.68343 

1.46320 

•70935 

1.40974 

39 

.63380 

1-57778 

.65854 

1-51850 

.68386 

1.46229 

.70979 

I.40887 

38 

.63421 

1.57676 

.65896 

I-5I754 

.68429 

i-46i37 

.71023 

1.40800 

37 

.63462 

1-57575 

•65938 

1.51658 

.68471 

1.46046 

.71066 

I.407 1 4 

36 

•63503 

1-57474 

.65980 

1-51562 

.68514 

1-45955 

.71110 

1.40627 

35 

•63544 

1-57372 

.66021 

1. 5 1 466 

•68557 

1.45864 

.71154 

1.40540 

34 

•63584 

I-5727I 

.66063 

I-5I370 

.68600 

1-45773 

.71198 

1.40454 

33 

•63625 

I-57I70 

.66105 

I-5I275 

.68642 

1.45682 

.71242 

1.40367 

32 

.63666 

1.57069 

.66147 

I-5II79 

.68685 

1-45592 

.71285 

1. 40281 

3i 

•63707 

1.56969 

.66189 

1. 5 1084 

.68728 

I-4550I 

•71329 

I.40195 

30 

.63748 

1.56868 

.66230 

1.50988 

.68771 

I.454IO 

•71373 

1. 40 109 

29 

.63789 

1.56767 

.66272 

1.50893 

.688 1 4 

I-45320 

.71417 

1.40022 

28 

.63830 

1.56667 

.66314 

I-50797 

.68857 

1.45229 

.71461 

I.39936 

27 

.63371 

1.56566 

•66356 

1.50702 

.68900 

I-45I39 

•71505 

1.39850 

26 

.63912 

1.56466 

.66398 

1.50607 

.68942 

1.45049 

.71549 

1.39764 

25 

•63953 

1.56366 

.66440 

1. 50512 

.68985 

1.44958 

.71593 

1.39679 

24 

•63994 

1.56265 

.66482 

1-50417 

.6902S 

1.44868 

•71637 

1-39593 

23 

•64035 

1-56165 

.66524 

1.50322 

.69071 

1.44778 

.71681 

I-39507 

22 

.64076 

1.S6065 

.66566 

1.50228 

.69114 

1.44688 

•71725 

1. 3942 1 

21 

.64117 

1.55966 

.66608 

I-50I33 

•69157 

1.44598 

.71769 

I-39336 

20 

.64158 

1.55866 

.66650 

I.50038 

.69200 

1.44508 

.71813 

I.39250 

19 

.64199 

1-55766 

"66692 

1.49944 

.69243 

1.444 18 

.71857 

I-39I65 

18 

.64240 

1.55666 

.66734 

1.49849 

.69286 

1.44329 

.71901 

1.39079 

17 

.64281 

I.55567 

.66776 

1-49755 

.69329 

1.44239 

.71946 

1.38994 

16 

.64322 

I.55467 

.66818 

1. 4966 1 

•69372 

I-44I49 

.71990 

1.38909 

15 

•64363 

1.55368 

.66860 

1.49566 

.69416 

1.44060 

•72034 

1.38824 

14 

.64404 

1.55269 

.66902 

1.49472 

•69459 

1.43970 

.72078 

1.38738 

13 

.64446 

I.55I70 

.66944 

1.49378 

.60502 

1.43881 

.72122 

1-38653 

12 

.64487 

I-5507I 

.669S6 

1.49284 

•69545 

1.43792 

.72166 

1.38568 

11 

.64528 

1.54972 

.67028 

1.49190 

.69588 

1.43703 

.72211 

1.38484 

10 

•64569 

I-54873 

.67071 

1.49097 

.69631 

1-43614 

•72255 

I-38399 

9 

.64610 

1-54774 

.67113 

1.49003 

•69675 

1-43525 

.72299 

1-38314 

8 

.64652 

I-54675 

•67155 

1.48909 

.69718 

I-43436 

.72344 

1.38229 

7 

•64693 

1-54576 

.67197 

1. 488 1 6 

.69761 

1-43347 

.72388 

I-38I45 

6 

•64734 

1.54478 

.67239 

1.48722 

.69804 

1.43258 

•72432 

1.38060 

5 

•64775 

1-54379 

.67282 

1.48629 

.69847 

1. 43 1 69 

•72477 

1.37976 

4 

.64817 

1.54281 

•67324 

1.48536 

.69891 

1.43080 

.72521 

I-3789I 

3 

.64858 

1-54183 

.67366 

1.48442 

.69934 

1.42992 

•72565 

1.37807 

2 

.64899 

1.54085 

.67409 

1.48349 

•69977 

1-42903 

.72610 

1.37722 

1 

.64941 

1.53986 

•67451 

1.48256 

.70021 

1.42815 

.72054 

1-37638 

0 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

/ 

4    5 

7° 

5 

6° 

5 

5° 

5 

40 

1602 


GENERAL  TABLES 


36° 

37° 

38° 

39° 

/ 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

o 

.72654 

1.37638 

•75355 

1.32704 

.78129 

1.27994 

.80978 

1.23400 

X 

.72699 

1-37554 

•7540I 

1.32624 

.78175 

1.27917 

.81027 

1.23416 

2 

•72743 

I-3747Q 

•75447 

1-32544 

.78222 

1.27841 

.81075 

1-23343 

3 

.72788 

I-37386 

•75492 

1.32464 

.78269 

1.27764 

.81123 

1.23270 

4 

.72832 

I-37302 

.75538 

1.32384 

.78316 

1.27688 

.81171 

1.23106 

5 

.72877 

i-372i8 

•75584 

1.32304 

.78363 

1.27611 

.81220 

1-23123 

6 

.72921 

I-37I34 

.75629 

1.32224 

.78410 

1-27535 

.81268 

1.23050 

7 

.72966 

1.37050 

•75675 

1-32144 

•78457 

1.27458 

.81316 

1.22977 

8 

.73010 

1.36967 

•75721 

1.32064 

•78504 

1.27382 

.81364 

1.22904 

9 

.73055 

1.36883 

•75767 

1-31984 

.78551 

1.27306 

.81413 

1.22831 

IO 

.73100 

1.36800 

.75812 

1. 3 1 904 

.78598 

1.27230 

.81461 

1-22758 

31 

•73144 

I.36716 

.75858 

1.31825 

.78645 

1.27I53 

.81510 

1.22685 

12 

•73189 

I.36633 

.75904 

1-31745 

.78692 

1..27077 

.81558 

1. 22612 

13 

•73234 

I.36549 

.75950 

1. 3 1 666 

•78739 

1. 27001 

.81606 

1.22539 

14 

•73278 

1 .36466 

.75996 

1.31586 

.78786 

I. 26925 

.81655 

1.22467 

15 

•73323 

1.36383 

.76042 

1-31507 

.78834 

I.26849 

.81703 

1.22394 

16 

•73368 

I.36300 

.76088 

1.31427 

.78881 

1.26774 

.81752 

1.22321 

17 

•73413 

1.36217 

•76i34 

1-31348 

.78928 

I.26698 

.81800 

1.22249 

18 

•73457 

1-36133 

.76180 

1.31269 

.78975 

1.26622 

.81849 

1.22176 

19 

.73502 

1-36051 

.76226 

1-31190 

.79022 

I.26546 

.81898 

1.22104 

20 

•73547 

1.35968 

.76272 

1.31110 

.79070 

I.2647I 

.81946 

1.22031 

21 

•73592 

1.3588s 

.76318 

1-31031 

.79117 

1.26395 

.81995 

1.21959 

22 

.73637 

1.35302 

.76364 

1.30952 

.79164 

I. 263I9 

.82044 

1. 2 1886 

23 

.73681 

I-357I9 

.76410 

1-30873 

.79212 

1.26244 

.82092 

1.21814 

24 

.73726 

I.35637 

.76456 

I-30795 

•79259 

I. 26 1 69 

.82141 

1. 2 1 742 

25 

•73771 

1-35554 

.76502 

1.30716 

•79306 

I.26093 

.82190 

1.21670 

26 

.73816 

1-35472 

.76548 

1-30637 

•79354 

I.2OO18 

.82238 

1.21598 

27 

.73861 

I-35389 

.76594 

1-30558 

.79401 

1-25943 

.82287 

1.21526 

28 

.73906 

I.35307 

.76640 

1.30480 

.79449 

1.25C67 

.82336 

1.21454 

29 

.73951 

1.35224 

.76686 

1.30401 

.79496 

1.25792 

3238s 

1.21382 

30 

•73996 

I-35I42 

.76733 

1-30323 

•79544 

1.25717 

.82434 

1.21310 

31 

.74041 

I.35060 

.76779 

1.30244 

•79591 

1.25642 

32483 

1.21238 

32 

.74086 

1.34978 

.76825 

1. 30 1 66 

•79639 

1-25567 

.82531 

1.21166 

33 

•74131 

1.34896 

.76871 

1.30087 

.79686 

1.25492 

.82580 

1.21094 

34 

.74176 

i-348i4 

.76918 

1.30009 

•79734 

I.254I7 

.82629 

1.21023 

35 

•74*21 

1-34732 

.76964 

1.29931 

.79781 

1-25343 

.82678 

1.20951 

36 

.74267 

1.34650 

.77010 

1-29853 

.79829 

I.25268 

.82727 

1.20879 

37 

.74312 

1.34568 

•77057 

1.29775 

.79877 

I.25I93 

.82776 

1.20808 

38 

•74357 

I-34487 

.77103 

1.29696 

.79924 

1.25118 

.82825 

1.20736 

39 

•74402 

I-34405 

.77149 

1. 29618 

.79972 

1.25044 

.82874 

1.20665 

40 

•74447 

I-34323 

.77196 

1. 29541 

.80020 

1.24969 

.82923 

1 -20593 

41 

•74492 

1.34242 

.77242 

1.29463 

.80067 

1.24895 

.82972 

1.20522 

42 

.74538 

1.34160 

.77289 

1.29385 

.80115 

1.24820 

.83022 

1.20451 

43 

.74583 

1.34079 

•77335 

1.29307 

.80163 

1.24746 

.83071 

1.20379 

44 

.74628 

I.33998 

.77382 

1.29229 

.80211 

1.24672 

.83120 

1.20308 

45 

•74674 

I.339i6 

•77428 

1.29152 

.80258 

1-24597 

.83169 

1.20237 

46 

•74719 

I.33835 

•77475 

1.29074 

.80306 

1.24523 

.83218 

1. 20166 

47 

•74764 

1-33754 

.77521 

1.28997 

•80354 

1.24449 

.83268 

1.20095 

48 

.74810 

I.33673 

.77568 

1. 28919 

.80402 

1-24375 

•83317 

1.20024 

49 

•74855 

1-33592 

.776i5 

1.28842 

.80450 

1.24301 

.83366 

I-I9953 

50 

.74900 

1-335" 

.77661 

1.28764 

.80498 

1.24227 

•83415 

I. 19882 

51 

.74946 

1.33430 

•777o8 

1.28687 

.80546 

I.24I53 

.83465 

1.19811 

52 

.74991 

1-33349 

•77754 

1.28610 

.80594 

1.24079 

•83514 

1. 19740 

53 

•75037 

1.33268 

.77S01 

1-28533 

.80642 

1.24005 

.83564 

1. 1 9669 

54 

.75082 

1-33187 

.77S48 

1.28456 

.80690 

I-2393I 

.83613 

1 .19599 

55 

.75128 

I-33I07 

•77895 

1.28379 

.80738 

1.23858 

.83662 

1. 19528 

56 

.75173 

1.33026 

•77941 

1.28302 

.80786 

1.23784 

.83712 

I-I9457 

57 

•75219 

1.32046 

.77988 

1.28225 

.80834 

1.23710 

.83761 

1. 19387 

58 

.75264 

1.32865 

.78035 

1.28148 

.80882 

1-23637 

.83811 

1.19316 

59 

•753IO 

1-32785 

.780S2 

1. 28071 

.80930 

1-23563 

.83860 

1. 1 9246 

60 

•75355 

1.32704 

.78129 

1.27994 

.80978 

1.23490 

.83910 

I.I9I75 

Co-tan  . 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan 

o<. 

]° 

5: 

1°            I 

5 

L° 

5 

)° 

NATURAL 

TANGENTS 

1603 

40° 

41° 

42° 

j    43° 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

/ 

>  .83910 

1-19175 

.86929 

1-15037 

.90040 

1.11061 

•93252 

I.07237 

60 

:  .83960 

1.19105 

.86980 

1. 14969 

.90093 

1. 10996 

•93306 

I-07I74 

59 

•  .84009 

1-10035 

.87031 

1. 1 4902 

.90146 

1.10931 

•93360 

I.07112 

58 

!   -84059 

1. 18964 

.87082 

1. 14834 

.90199 

1. 10867 

•93415 

I.07049 

57 

I      .84108 

1.18894 

•87133 

1-14767 

.90251 

1. 10802 

•93469 

I.06987 

56 

:  .84158 

1. 18824 

.87184 

1. 14699 

.93304 

1. 10737 

•93524 

I.06925 

55 

1  .84208 

1. 18754 

.87236 

1. 14632 

•90357 

1. 10672 

•93578 

I.06862 

54 

■  .84258 

1.18684 

.87287 

1-14565 

.90410 

1. 10607 

•93633 

1 .06800 

53 

,  .84307 

1.18614 

•87338 

1. 14498 

.90463 

1.10543 

.93688 

I.06738 

52 

•84357 

1. 18544 

.87389 

1. 14430 

.90516 

1. 10478 

•93742 

I.06676 

5i 

.84407 

1. 18474 

.87441 

1-14363 

.90569 

1.10414 

•93797 

1. 066 1 3 

50 

•84457 

1. 1 8404 

.87492 

1. 14296 

.90621 

1. 10349 

•93852 

1. 06551 

49 

.84507 

1-18334 

•87543 . 

1. 14229 

.90674 

1. 10285 

•93906 

I.06489 

48 

.84556 

1. 18264 

•87595 

1.14162 

.90727 

1. 10220 

.93961 

I.06427 

47 

.84606 

1.18194 

.87646 

1. 14095 

.90781 

1.10156 

.94016 

I.06365 

46 

.84656 

1.18125 

.87698 

1. 14028 

.90834 

1.10091 

.94071 

I.06303 

45 

.84706 

1. 18055 

.87749 

1.13961 

.90887 

1.10^27 

.94125 

1. 06241 

44 

.84756 

1. 17986 

.87801 

1. 13894 

.90940 

1.09963 

.94180 

1. 061 79 

43 

.84806 

1.17916 

.87852 

1.13828 

.90993 

1.09899 

•94235 

I.06117 

42 

.84856 

1. 17846 

.87904 

1-13761 

.91046 

1.09834 

.94290 

I.06056 

41 

.84906 

1.17777 

•87955 

1-13694 

.91099 

1.09770 

•94345 

I.05994 

40 

•84956 

1*17708 

.88007 

1.13627 

•91153 

1.09706 

.94400 

I.05932 

39 

.85006 

1.17638 

.88059 

1-13561 

.91206 

1.09642 

•94455 

I.05870 

38 

•85057 

1-17569 

.88110 

1.13494 

.91259 

1.09578 

.94510 

I.05809 

37 

.85107 

1-17500 

.88162 

1.13428 

•91313 

1. 095 14 

•94565 

1-05747 

36 

.85157 

1. 17430 

.88214 

1.13361 

.91366 

1.09450 

.94620 

I.05685 

35 

.85207 

1-17361 

.88265 

1-13295 

.91419 

1.09386 

.94676 

1.05624 

34 

•85257 

1. 17292 

.88317 

1.13228 

•91473 

1.09322 

•94731 

1-05562 

33 

•85307 

1. 17223 

.88369 

1.13162 

.91526 

I.09258 

.94786 

1. 05501 

32 

•85358 

I-I7I54 

.88421 

1. 1 3096 

.91580 

1. 09 1 95 

.94841 

I-05439 

3i 

.85408 

1. 17085 

.88473 

1. 13029 

•91633 

1-09131 

.94896 

I.05378 

30 

.85458 

1.17016 

.88524 

1. 12963 

.91687 

1.00067 

•94952 

I.053I7 

29 

•85509 

1. 16947 

.88576 

1. 12897 

.91740 

1 .09003 

•95007 

1-05255 

28 

•85559 

1. 16878 

.88628 

1.12831 

.91794 

1 .08940 

.95062 

1. 05 194 

27 

.85609 

1. 1 6809 

.88680 

1-12765 

.91847 

1.08876 

.95118 

I.05I33 

26 

.85660 

1.16741 

.88732 

1. 12699 

.91901 

1. 088 1 3 

•95173 

1.05072 

25 

.85710 

1. 16672 

.88784 

1. 12633 

•91955 

I.08749 

•95229 

1. 050 10 

24 

.85761 

1. 16603 

.88836 

1. 12567 

.92008 

I.08686 

.95284 

1.04949 

23 

.85811 

i-i6535 

.88888 

1.12501 

.92062 

1.08622 

•95340 

1.04888 

22 

.85862 

1. 16466 

.88940 

1. 12435 

.92116 

1.08559 

•95395 

1.04827 

21 

•85912 

1.16398 

.88992 

1.12369 

.92170 

1 .08496 

•95451 

1.04766 

20 

•85963 

1. 16329 

.89045 

1-12303 

.92224 

1.08432 

•955o6 

1.04705 

19 

.86014 

1.16261 

.89097 

1. 12238 

.92277 

1.08369 

•95562 

1 .04644 

18 

.86064 

1.16192 

.89149 

1.12172 

•92331 

1.08306 

.95618 

1.04583 

17 

.86115 

1.16124 

.89201 

1.12106 

•92385 

1.08243 

•95673 

1.04522 

16 

.86166 

1. 16056 

•89253 

1.12041 

.92439 

1. 08 1 79 

•95729 

1. 0446 1 

IS 

.86216 

1. 15987 

.89306 

I-H975 

•92493 

1.08116 

•95785 

1. 0440 1 

14 

.86267 

1-15919 

•89358 

1.11909 

•92547 

1.08053 

.95841 

1.04340 

13 

.86318 

1.15851 

.89410 

1.11844 

.92601 

1.07990 

•95897 

I.04279 

12 

.86368 

1-15783 

.89463 

1.11778 

•92655 

1.07927 

•95952 

1.042 18 

11 

.86419 

I-IS7I5 

•89515 

1.11713 

.92709 

1.07864 

.96008 

1. 04 1 58 

10 

.86470 

I-I5647 

.89567 

1.11648 

.92763 

1. 0780 1 

.96064 

I.04097 

9 

.86521 

I-I5579 

.89620 

1.11582 

.92817 

1.07738 

.96120 

1.04036 

8 

.86572 

I-I55H 

.89672 

1.11517 

.92872 

1.07676 

.96176 

1-03976 

7 

.86623 

I-I5443 

.89725 

1.11452 

.92926 

1.07613 

.96232 

I-039I5 

6 

.86674 

I-I5375 

•89777 

1-11387 

.92980 

I-07550 

.96288 

1-03855 

5 

.86725 

1. 15308 

.89830 

1.11321 

•93034 

I.07487 

.96344 

I.03794 

4 

.86776 

1. 15240 

.89883 

1.11256 

.93088 

1.07425 

.96400 

1 -03  734 

3 

.86827 

1.15172 

•89935 

1.11191 

•93143 

1.07362 

•96457 

1.03674 

2 

.86878 

I.15104 

.89988 

I.11126 

•93197 

1.07299 

•96513 

1.03613 

1 

.86929 

I-I5037 

.90040 

1.11061 

•93252 

1.07237 

.96569 

1-03553 

0 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

CO-TAN. 

Tan. 

/ 

4! 

)° 

4! 

3°    L 

4 

7° 

41 

3° 

1604 


GENERAL  TABLES 


44° 

440 

440 

/ 

Tan. 

Co-tan. 

/ 

1 

Tan. 

Co-tan. 

39 

41 

Tan. 

Co-tan. 

o 

.96569 

I-Q3553 

60 

21 

•97756 

1.02295 

.98901 

1.01112 

I 

.96625 

I-Q3493 

59 

22 

•97813 

1.02236 

38 

42 

.98958 

1. 010 53 

2 

.96681 

I-Q3433 

58 

23 

•97870 

1.02176 

37 

43 

.99016 

1.00994 

3 

•96738 

1.03372 

57 

24 

.97927 

1.02117 

36 

44 

•99073 

1.00935 

4 

•96794 

1-03312 

56 

25 

.97984 

1.02057 

35 

45 

•99131 

1.00876 

5 

.96850 

1.03252 

55 

26 

.98041 

1. 01 998 

34 

46 

.99189 

1.00818 

6 

.96907 

1.03 192 

54 

27 

.98098 

1-01939 

33 

47 

.99247 

1.00759 

7 

.96963 

1-03132 

53 

28 

•98155 

1.01879 

32 

48 

•99304 

1.00701 

8 

.97020 

1.03072 

52 

29 

.98213 

1.01820 

31 

49 

.99362 

1.00642 

9 

.97076 

1. 030 1 2 

5i 

30 

.98270 

1.01761 

30 

50 

.09420 

1.00583 

IO 

•97133 

1.02952 

5o 

3i 

.98327 

1. 01 702 

29 

51 

.99478 

1.00525 

ii 

.97189 

1.02892 

49 

32 

.98384 

1.01642 

28 

52 

•99536 

1.00467 

12 

.97246 

1.02832 

48 

33 

.98441 

1-01583 

27 

53 

•99594 

1.00408 

13 

.97302 

1.02772 

47 

34 

.98499 

1.01524 

26 

54 

.99652 

1.00350 

14 

•97359 

1.02713 

46 

35 

•98556 

1.01465 

25 

55 

.99710 

1. 00291 

15 

.97416 

1.02653 

45 

36 

.98613 

1. 01 406 

24 

56 

.99768 

1.00233 

ib 

.97472 

1.02593 

44 

37 

.98671 

1.01347 

23 

57 

.99826 

1.00175 

17 

•97529 

1-02533 

43 

38 

.98728 

1. 01 288 

22 

58 

.99884 

1.00116 

18 

.97586 

I.02474 

42 

39 

.98786 

1.01229 

21 

50 

.99942 

1.00058 

19 

•97643 

1.02414 

4i 

40 

.98843 

1.01170 

20 

60 

1 

1 

20 

.97700 

i-°2355 

40 

/ 

/ 

CO-TAN. 

Tan. 

f 

/ 

Co-tan. 

Tan. 

/ 

Co-tan.  1  Tan. 

4 

5° 

4 

5° 

45° 

NATURAL   SINES   AND    COSINES 


3 
4 
5 

6 

7 

8 

9 

10 

11 

12 
13 
14 
15 

16 

17 
18 

19 
?o 


Sine 


.00000 
.00029 
.00058 
.00087 
.00116 
.00145 
.00175 
.00204 
•00233 
.00262 
.00291 

.00320 
•00349 
.00378 
.00407 
.00436 
.00465 
•00495 
.00524 
•00553 
.00582 


Cosine 
89 


3 

0° 

| 

Cosine 

60 

i 
21 

Sine 

Cosine 

/ 

/ 

.00611 

.99998 

39 

41 

59 

22 

.00640 

.99998 

38 

42 

58 

23 

.00669 

.99998 

37 

43 

57 

24 

.00698 

•99998 

36 

44 

5b 

25 

.00727 

.99997 

35 

45 

55 

2b 

•00756 

.99997 

34 

46 

54 

27 

.007S5 

•99997 

33 

47 

53 

28 

.00814 

.99997 

32 

48 

52 

29 

.00844 

.99996 

31 

49 

5i 

30 

.00873 

.99996 

30 

5o 

50 

31 

.00902 

.99996 

29 

5i 

•99999 

49 

32 

•00931 

.99996 

28 

52 

•99999 

48 

33 

.00960 

•99995 

27 

53 

.99999 

47 

34 

.00989 

•99995 

26 

54 

•99999 

46 

35 

.01018 

•99995 

25 

55 

•99999 

45 

36 

.01047 

•99995 

24 

56 

.99999 

44 

37 

.01076 

.99994 

23 

57 

.99999 

43 

38 

.01105 

•99994 

22 

58 

.99999 

42 

39 

.01134 

.99994 

21 

59 

.99998 

4i 

40 

.01164 

•99993 

20 

60 

.99998 

40 

Sine 
0 

r 

/ 

1 

Cosine 

8! 

Sine 

/ 

t 

0° 

Sine      Cosine 


.01193 

.01222 
.01251 
.01280 
.01309 
.01338 
•01367 
.01396 
.01425 
.01454 

.01483 

•01513 
•01542 
.01571 
.01600 
.01629 
.oi6=;S 
.01687 
.01716 
•OI745 


•99993 
•99993 
.99992 
.99992 
.99991 
.99991 
.99991 
.99990 
.99990 
.99989 

•99989 
•99989 
.99988 
.99988 
•99987 
•99987 
.99986 
.909S6 
•99985 
•99985 


Cosine  I     Sine 
S9° 


NATURAL  SINES 


1605 


1° 

2° 

|           3° 

1° 

■ 

Sine 

1  Cosine 

Sine 

Cosine 

1    Sine 

Cosine 

Sine 

Cosine 

/ 

>       -OI745 

.99985 

.03490 

•99939 

.05234 

.99863 

.06976 

•99756 

60 

•OI774 

.99984 

•03519 

.99938 

.05263 

.99861 

.07005 

•99754 

59 

i       .01803 

.99984 

•03548 

•99937 

.05292 

.99860 

•07034 

•99752 

58 

i       .01832 

.99983 

•03577 

■99936 

.05321 

.99858 

.07063 

•99750 

57 

.01862 

.99983 

.03606 

•99935 

•05350 

•99857 

.07092 

.99748 

56 

.01891 

.99982 

•03635 

•99934 

•05379 

•99855 

.07121 

•99746 

55 

.01920 

.99982 

.03664 

•99933 

.05408 

.99854 

.07150 

•99744 

54 

.01949 

.99981 

.03693 

•99932 

•05437 

.99852 

•07179 

•99742 

53 

.01978 

.99980 

•03723 

•99931 

.05466 

.99851 

.07208 

.99740 

52 

.02007 

.99980 

•03752 

.99930 

•05495 

.99849 

.07237 

•99738 

51 

.02036 

.99979 

.03781 

.99929 

•05524 

.99847 

.07266 

•99736 

5o 

.02065 

.99979 

.03810 

•9992  7 

.05553 

.99846 

.07295 

•99734 

49 

.02094 

.99978 

•03839 

.99926 

.05582 

•99844 

.07324 

•99731 

48 

.02123 

.99977 

.03868 

•99925 

.05611 

.99842 

•07353 

•99729 

47 

.02152 

.99977 

.03897 

•99924 

.05640 

.99841 

.07382 

.99727 

46 

.02181 

.99976 

.03926 

•99923 

.05669 

•99839 

.07411 

•9972  5 

45 

.02211 

.99976 

•03955 

.99922 

.05698 

.99838 

.07440 

•99723 

44 

.02240 

•99975 

.03984 

.99921 

•05727 

.99836 

.07469 

.99721 

43 

.02269 

.99974 

.04013 

.99919 

•05756 

.99834 

.07498 

.99719 

42 

.02298 

.99974 

.04042 

.99918 

•05785 

•99833 

.07527 

.99716 

41 

.02327 

•99973 

.04071 

.99917 

.05814 

.99831 

.07556 

.99714 

40 

•02356 

.99972 

.04100 

.99916 

.05844 

.99829 

•07585 

.99712 

39 

.02385 

•99972 

.04129 

•99915 

•05873 

.99827 

.07614 

.99710 

38 

.02414 

.99971 

.04159 

•99913 

.05902 

.99826 

.07643 

.99708 

37 

.02443 

.99970 

.04188 

.99912 

•05931 

.99824 

.07672 

•99705 

36 

.02472 

.99969 

.04217 

.99911 

.05960 

.99822 

.07701 

•99703 

35 

.02501 

.99969 

.04246 

.99910 

.05989 

.99821 

.07730 

.99701 

34 

.02530 

.99968 

•04275 

.99909 

.06018 

.99819 

.07759 

•.99699 

33 

.02560 

•99967 

.04304 

•99907 

.06047 

.99817 

.07788 

.99696 

32 

.02589 

.99966 

•04333 

.99906 

.06076 

.99815 

.07817 

.99694 

31 

.02618 

.99966 

.04362 

.99905 

.06105 

•99813 

.07846 

.99692 

30 

.02647 

.99965 

•04391 

•99904 

.06134 

.99812 

.0787S 

.99689 

29 

.02676 

.99964 

.04420 

.99902 

.06163 

.99810 

.07904 

.99687 

28 

.02705 

.99963 

.04449 

.99901 

.06192 

.99808 

•07933 

.99685 

27 

•02734 

.99963 

.04478 

.99900 

.06221 

.99806 

.07062 

•99683 

26 

.02763 

.99962 

.04507 

.99898 

.06250 

.99804 

.07991 

.99680 

25 

.02792 

.99961 

•04536 

•99897 

.06279 

.99803 

.08020 

.99678 

24 

.02821 

.99960 

•04565 

.99896 

.06308 

.99801 

.08049 

.99676 

23 

.02850 

•99959 

•04594 

•99894 

•06337 

.99799 

.08078 

•99673 

22 

.02879 

•99959 

.04623 

•99893 

.06366 

•99797 

.08107 

.99671 

21 

.02908 

•99958 

•04653 

.99892 

•06395 

•99795 

.08136 

.99668 

20 

.02938 

•99957 

.04682 

.99890 

.06424 

•99793 

.08165 

.99666 

19 

.02967 

•99956 

.04711 

.99889 

.06453 

•99792 

.08194 

.99664 

18 

.02996 

•99955 

.04740 

.99888 

.06482 

.99790 

.08223 

.99661 

17 

.03025 

•99954 

.04769 

.99886 

.06511 

.99788 

.08252 

.99659 

16 

•03054 

•99953 

.04798 

.99885 

.06540 

.99786 

.08281 

•99657 

15 

.03083 

•99952 

.04827 

.99883 

.06569 

.99784 

.08310 

•99654 

14 

.03112 

•99952 

.04856 

.99882 

.06598 

.99782 

•08339 

•99652 

13 

.03141 

•99951 

.04885 

.99881 

.06627 

.99780 

.08368 

.99649 

12 

•03170 

.99950 

.04914 

.99879 

.06656 

.99778 

.08397 

.99647 

11 

.03199 

.99949 

.04943 

.99878 

.06685 

•99776 

.08426 

.99644 

10 

.03228 

•99948 

.04972 

.99876 

.06714 

•99774 

•08455 

.99642 

9 

•03257 

•99947 

.05001 

•99875 

.06743 

.99772 

.08484 

.99639 

8 

.03286 

.99946 

.05030 

•99873 

.06773 

.99770 

.08513 

•99637 

7 

.03316 

•99945 

•05059 

.99872 

.06802 

.99768 

.08542 

•99635 

6 

•0334S 

.99944 

.05088 

.99870 

.06831 

.99766 

.08571 

.99632 

5 

•03374 

•99943 

.05117 

.99869 

.06860 

•99764 

.08600 

.99630 

4 

•03403 

•99942 

.05146 

.99867 

.06889 

.99762 

.08629 

.99627 

3 

•03432 

.99941 

.05175 

.99866 

.06918 

.99760 

.08658 

.99625 

2 

.03461 

.99940 

.05205 

.99864 

.06947 

•99758 

.08687 

.99622 

I 

.03490 

•99939 

•05234 

.99863 

.06976 

•99756 

.08716 

.99619 

0 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

/ 

8* 

»° 

87 

'O 

8( 

)° 

& 

)° 

i6o6 


GENERAL  TABLES 


5° 

6° 

7° 

8° 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

.08716 

.99619 

.10453 

.99452 

.12187 

•99255 

•13917 

.99027 

.08745 

.99617 

.10482 

.99449 

.12216 

.99251 

.13946 

.99023 

.08774 

.99614 

•105 1 1 

.99446 

.12245 

.99248 

•13975 

.99019 

.08803 

.99612 

.10540 

•99443 

.12274 

.99244 

.14004 

.99015 

.08331 

.99609 

.10569 

.99440 

.12302 

.99240 

•14033 

.99011 

.08S60 

.99607 

•10597 

•99437 

•12331 

•99237 

.14061 

.99006 

.088S0 

.99604 

.10626 

•99434 

.12360 

•99233 

.14090 

.99002 

.o8gi8 

.99602 

.10655 

•99431 

.12389 

.99230 

.14119 

.98998 

.0S947 

•99599 

.10684 

.99428 

.12418 

.99226 

.14148 

.98994 

.0S976 

.99596 

.10713 

•99424 

.12447 

.90222 

.14177 

.98990 

.09005 

•99594 

.10742 

.99421 

.12476 

.99219 

.14205 

.98986 

.09034 

•99591 

.10771 

.99418 

.12504 

•99215 

•14234 

.98982 

.09363 

.99588 

.10800 

•99415 

•12533 

.99211 

.14263 

.98978 

.09092 

.99586 

.10829 

.99412 

.12562 

.99208 

.14292 

•98973 

.09121 

•99583 

.10858 

.99409 

.12591 

.99204 

.14320 

.98969 

.09150 

•9958o 

.10S87 

.99406 

.12620 

.99200 

•14349 

.98965 

.09179 

•99578 

.10916 

.99402 

.12649 

.99197 

•14378 

.98961 

.09208 

•99575 

.10945 

•99399 

.12678 

•99193 

.14407 

•98957 

•09237 

•99572 

•10973 

.99396 

.12706 

.99:89 

.14436 

•98953 

.09266 

•99570 

.11002 

•99393 

•12735 

•99:S6 

.14464 

.98948 

.09295 

•99567 

.11031 

.99390 

.12764 

.99182 

•14493 

.98944 

.09324 

.99564 

.11060 

.99386 

•12793 

.99178 

.14522 

.9S940 

•09  J  53 

.99562 

.11089 

•99383 

.12822 

•99175 

•M55i 

.98936 

.093S2 

•99559 

.11118 

.99380 

.12851 

.99171 

.14580 

.98931 

.09411 

•99556 

.11147 

•99377 

.12880 

.99167 

.14608 

.98927 

.09440 

•99553 

.11176 

•99374 

.12908 

.99163 

•14637 

.98923 

.09469 

•99551 

.11205 

•99370 

•12937 

.99100 

.14666 

.98919 

.09498 

•99548 

.11234 

•99367 

.12966 

.99156 

.14695 

.98914 

•09527" 

•99545 

.11263 

.99364 

•12995 

.99152 

•14723 

.98910 

.09556 

.99542 

.11291 

.99360 

.13024 

.99148 

.14752 

.98906 

•09535 

.99540 

.11320 

•99357 

•13053 

.99144 

.14781 

.98902 

.09614 

•99537 

.11349 

•99354 

.13081 

.99141 

.14810 

•98897 

.09642 

•99534 

.11378 

•99351 

.13110 

•99137 

.14838 

.9L893 

.09671 

•99531 

.11407 

•99347 

•1 3 1 39 

•99133 

.14867 

.98889 

.09700 

.99528 

.11436 

•99344 

.13168 

.99129 

.14896 

.98884 

.09729 

.99526 

.11465 

•99341 

.13197 

•99125 

.14925 

.98S80 

.09758 

•99523 

.11494 

•99337 

.13226 

.99122 

•14954 

.9S876 

•09787 

•99520 

•11523 

•99334 

•13254 

.991 1 8 

.14982 

.98871 

.09816 

•99517 

.11552 

•99331 

.132S3 

.99114 

.15011 

.98867 

.09845 

•99514 

.11. "So 

•9932  7 

•I33I2 

.99110 

.15040 

.9S863 

.09874 

•995 1 1 

.11609 

•99324 

•I334I 

.99106 

.15069 

.98858 

.09903 

.99508 

.11638 

.99320 

•13370 

.99102 

•15097 

.98854 

.09932 

.995o6 

.11667 

•99317 

•13399 

.99098 

.15126 

.98849 

.09961 

•99503 

.11696 

•99314 

•13427 

.99094 

.15155 

.98845 

.09990 

.99500 

.11725 

.99310 

•13456 

.99091 

.15184 

.98841 

.10019 

.99497 

•II754 

.99307 

•13485 

.990S7 

.15212 

.98836 

.10048 

.99494 

.11783 

•99303 

•I35I4 

.99083 

.15241 

.98832 

.10077 

•99491 

.11812 

.99300 

•13543 

.99079 

.15270 

.98827 

.10106 

.99488 

.11840 

.99297 

•13572 

•990  75 

•15299 

.98823 

•10135 

•99485 

.11869 

•99293 

.13600 

.99071 

•15327 

.98818 

.10164 

.99482 

.11898 

.99290 

.13629 

.99067 

•15356 

.98814 

.10192 

.99479 

.11927 

.99286 

.13658 

.99063 

.15385 

.98809 

.10221 

.99476 

.11956 

.99283 

.13687 

•99059 

.i54M 

.9SS05 

.10250 

•99473 

.11985 

•99279 

.13716 

•99055 

.15442 

.98800 

.10279 

.99470 

.12014 

.99276 

•13744 

.99051 

•15471 

.98796 

.10308 

.99467 

.12043 

.99272 

•13773 

•99047 

.15500 

.98791 

•10337 

.99464 

.12071 

.99269 

.13802 

•99043 

•15529 

.98787 

.10366 

.99461 

.12100 

.99265 

•13831 

.99039 

•15557 

.98782 

•10395 

.99458 

.12129 

.99262 

.13860 

•99035 

.155S6 

.98778 

.10424 

•99455 

.1215S 

.99258 

.13889 

.99031 

.15615 

•98773 

•10453 

.99452 

.12187 

•99255 

•I39I7 

.99027 

•15643 

.9S769 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

8- 

1° 

8C 

)°            1 

81 

]° 

81 

0 

NATURAL  SINES 


1607 


1 

)° 

10° 

1 

1° 

12° 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

r 

•15643 

.98769 

•17365 

.98481 

.19081 

.98163 

.20791 

•97815 

60 

.15672 

.98764 

•17393 

.98476 

.19109 

•98157 

.20820 

.97809 

59 

.15701 

.98760 

.17422 

.0S471 

.19138 

•9S152 

.20848 

.97803 

58 

•15730 

•98755 

.17451 

.08466 

.19167 

.98146 

.20877 

•97797 

57 

.15758 

•98751 

•17479 

.98461 

•19195 

.98140 

.20905 

.97791 

56 

•15787 

.98746 

.1750S 

■98455 

.19224 

•98135 

.20933 

.97784 

55 

.15816 

.98741 

■17537 

.98450 

.19252 

.98129 

.20962 

.97778 

54 

•15845 

•98737 

•1756S 

.98445 

.19281 

.93124 

.20990 

.97772 

53 

.15873 

.98732 

•17594 

.9S440 

.19309 

.98118 

.21019 

.97766 

52 

.15902 

.98728 

.17623 

•98435 

•19338 

.98112 

.21047 

•9776o 

5i 

•15031 

.98723 

.17651 

.98430 

.19366 

.98107 

.21076 

•97754 

50 

•15959 

.98718 

.17680 

.98425 

•19395 

.98101 

.21104 

.97748 

49 

.15988 

.98714 

.17708 

.98420 

.19423 

.98096 

.21132 

.07742 

48 

.16017 

.98709 

•17737 

.98414 

.19452 

.98090 

.21161 

•97735 

47 

.16046 

.98704 

.17766 

.98409 

.19481 

.98084 

.21189 

.97729 

46 

.16074 

.98700 

-17794 

.98404 

.19509 

.98079 

.21218 

•97723 

45 

.16103 

.98695 

.17823 

•98399 

•19538 

.98073 

.21246 

•97717 

44 

.16132 

.98690 

.17852 

•98394 

.19566 

.98067 

.21275 

.97711 

43 

.16160 

.98689 

.17880 

.98389 

•19595 

.98061 

.21303 

•97705 

42 

.16189 

.98681 

.17909 

.98383 

.19623 

.98056 

.21331 

.97698 

41 

.16218 

.98676 

•17937 

.98378 

.19652 

.98050 

.21360 

.97692 

40 

.16246 

.98671 

.17966 

•98373 

.19680 

.98044 

.21388 

.97686 

39 

.16275 

.98667 

•17995 

.98368 

.19709 

•9S039 

.21417 

.97680 

38 

.16304 

.98662 

.18023 

.98362 

.19737 

•98033 

•21445 

•97673 

37 

•16333 

.98657 

.18052 

•98357 

.19766 

.98027 

.21474 

.97667 

36 

.16361 

.98652 

.18081 

•98352 

.19794 

.98021 

.21502 

.97661 

35 

.16390 

.98648 

.18109 

•98347 

.19823 

.98016 

•21530 

•97655 

34 

.16419 

.98643 

.18138 

.98341 

.19851 

.98010 

.21559 

.97648 

33 

.16447 

.98638 

.18166 

•98336 

.19S80 

.98004 

.21587 

.97642 

32 

.16476 

•98633 

.18195 

•98331 

.19908 

•97987 

.21616 

.97636 

3> 

.16505 

.98629 

.18224 

•98325 

•19937 

.97992 

.21644 

.97630 

3C 

•16533 

.98624 

.18252 

.98320 

.19965 

.97987 

.21672 

.97623 

29 

.16562 

.98619 

.18281 

•98315 

.19994 

•97981 

.21701 

.97617 

28 

.16591 

.98614 

.18309 

.98310 

.20022 

•97975 

.21729 

.97611 

27 

.16620 

.98609 

.18338 

.98304 

.20051 

.97969 

.21758 

.97604 

26 

.16648 

.98604 

.18367 

.98299 

.20079 

•97963 

.21786 

.97598 

25 

.16677 

.98600 

.18395 

.98294 

.20108 

•97958 

.21814 

•97592 

24 

.16706 

•98595 

.18424 

.98288 

.20136 

•97952 

.21843 

•97585 

23 

•16734 

•98590 

.18452 

.98283 

.20165 

.97946 

.21871 

•97579 

22 

.16763 

•98585 

.18481 

.98277 

.20193 

•97940 

.21899 

•97573 

21 

.16792 

.98580 

.18509 

.98272 

.20222 

•97934 

.21928 

•97566 

20 

.16820 

•98575 

.18538 

.9S267 

.20250 

.97928 

•21956 

•9756o 

19 

.16849 

.98570 

.18567 

.93261 

.20279 

.97922 

.21985 

•97553 

18 

.16878 

•98565 

•18595 

.98256 

•20307 

.97916 

.22013 

•97547 

17 

.16906 

.98561 

.18624 

.98250 

.20336 

.97910 

.22041 

•97541 

16 

•16935 

•98556 

.18652 

.98245 

.20364 

•97905 

.22070 

•97534 

15 

.16964 

•98551 

.18681 

.9S240 

.20393 

.97899 

.22098 

•97528 

14 

.16992 

.98546 

.13710 

•98234 

.20421 

•97893 

.22126 

•97521 

13 

.17021 

.98541 

.13738 

.9S229 

.20450 

.97887 

•22155 

•97515 

12 

•17050 

•98536 

.13767 

.9S223 

.20478 

.97881 

.22183 

.97508 

11 

.17078 

•98531 

•18795 

.98218 

•20507 

•97875 

.22212 

•9750  ! 

10 

.17107 

.98526 

.18824 

.98212 

•20535 

.97869 

.22240 

.97496 

9 

.17136 

.9S521 

.1S852 

.98207 

.20563 

•97863 

.22268 

.97489 

8 

.17164 

.98516 

.18881 

.98201 

.20592 

•97857 

.22297 

•97483 

7 

•17193 

.98511 

.18910 

.98196 

.20620 

•97851 

.22325 

•97476 

6 

.17222 

.98506 

.18938 

.98190 

.20649 

•97845 

•22353 

.97470 

5 

.17250 

•98501 

.18967 

.98185 

.20677 

•97839 

.22382 

•97463 

4 

.17279 

.98496 

.18995 

.98179 

.20706 

•97833 

.22410 

•97457 

3 

.17308' 

.98491 

.19024 

•98174 

•20734 

.97827 

.22438 

•97450 

2 

•17336 

.98486 

.19052 

.98168 

.20763 

.97821 

.22467 

•97444 

1 

•17365 

.98481 

.19081 

.98163 

.20791 

.97815 

•22495 

•97437 

0 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine  ' 

Sjne 

t 

8C 

1° 

7S 

1° 

7i 

1°             J 

77 

0 

i6o8 


GENERAL  TABLES 


13° 

Sine      Cosine 


•22495 
.22523 
.22552 
.22580 
.22608 
.22637 
.22665 
.22693 
.22722 
.22750 
.22778 

.22807 
.22835 
.22863 
.22892 
.22920 
.22948 
.22977 
.23005 

•23033 
.23062 

.23090 
.23118 
.23146 

.23175 
.23203 
.23231 
.23260 


28 

.23288 

29 

.23316 

30 

•23345 

31 

•23373 

32 

•23401 

33 

.23429 

34 

•23458 

35 

.23486 

36 

•23514 

37 

•23542 

3« 

•23571 

39 

•23599 

40 

.23627 

4i 

•23656 

42 

.23684 

43 

.23712 

44 

•23740 

45 

.23769 

46 

•23797 

47 

.23825 

48 

•23853 

49 

.23882 

SO 

.23910 

51 

•23938 

52 

.23966 

53 

•23995 

54 

•24023 

55 

.24051 

56 

.24079 

57 

.24108 

5« 

•24136 

59 

.24164 

bo 

.24192 

1 

Cosine 
7( 

•97437 
•97430 
.97424 
•97417 
'9741 1 
.97404 
•97398 
•97391 
•97384 
•97378 
•97371 

•97305 
•97358 
•97351 
•97345 
•97338 
•97331 
•97325 
•973i8 
•9731 1 
•97304 

.97298 
.97291 
.97284 
•97278 
.97271 
•97264 
•97257 
•97251 
•97244 
•97237 
•97230 
.97223 
.97217 
.97210 
•97203 
.97196 
.97189 
.97182 
.97176 
.97169 

.97162 
•97155 
.97148 
.97141 

•97134 
.97127 
.97120 
•97"3 
.97106 
.97100 

•97093 
.97086 
.97079 
.97072 
•97o65 
.97058 
•97051 
.97044 

•97037 
.97030 


14° 

Sine      Cosine 


Sine 


.24192 
.24220 
.24249 
.24277 
•24305 
•24333 
.24362 
•24390 
.24418 
.24446 
.24474 

.24503 
•24531 
•24559 
•24587 
.24615 
.24644 
.24672 
.24700 
.24728 
•24756 
.24784 
.24813 
.24841 
.24869 
.24897 

•24925 
.24954 
.24982 
.25010 
.25038 

.25066 
.25094 
.25122 
.25151 
•25179 
.25207 
•25235 
.25263 
.25291 
.25320 

•25348 
•25376 
•25404 
•25432 
.25460 
.25488 
.25516 
•25545 
•25573 
.25601 

.25629 

•25657 
.25685 

•25713 
•25741 
.25769 
.25798 
.25826 

.25854 
.25882 


•97030 
.97023 
•97015 
.97008 
.97001 
.96994 
.96987 
.96980 

•96973 
.96966 

•96959 
.96952 
•96945 
•96937 
.96930 
.96923 
.96916 
.96909 
.96902 
.96894 
.96887 


so 
.96873 
.96866 
.96858 
.96851 
.96844 
.96837 
.96829 
.96822 
.96815 

.96807 
.96800 

•96793 
.96786 
•96778 
.96771 
.96764 
•96756 
•96749 
.96742 

•96734 
.96727 
.96719 
.96712 
.96705 
.96697 
.96690 
.96682 
.96675 
.96667 

.96660 

.96653 
.96645 
.96638 
.96630 
.96623 
.96615 
.96608 
.96600 
•96593 


15° 

Sine      Cosine 


Cosine      Sine 
75° 


.25882 
.25910 
.25938 
.25966 

.25994 
.26022 
.26050 
.26079 
.26107 
.26135 
.26163 
.26191 
.26219 
.26247 
.26275 
.26303 
.26331 
.26359 
.26387 
.26415 
.26443 

.26471 
.26500 
.26528 
.26556 
.26584 
.26612 
.26640 
.26668 
.26696 
.26724 

.26752 
.26780 
.26808 
.26836 
.26864 
.26892 
.26920 
.26948 
.26976 
.27004 

.27032 
.27060 
.27088 
.27116 
.27144 
.27172 
.27200 
.27228 
.27256 
.27284 

.27312 
.27340 
.27368 
•27396 
.27424 
.27452 
.27480 
.27508 
.27536 
•27564 


•96593 
•96585 
.96578 
.96570 
.96562 
•96555 
•96547 
.96540 
•96532 
.96524 
•96517 

.96509 
.96502 
.96494 
.96486 

•96479 
.96471 

•96463 
.96456 
.96448 
.96440 

•96433 
.96425 
.96417 
.96410 
.96402 
•96394 
.96386 

•96379 
•96371 
•96363 

•96355 
•96347 
.96340 
.96332 

•96324 
.96316 
.96308 
.96301 
.96203 
.96285 

.96277 
.96269 
.96261 
•96253 
.96246 
.96238 
.96230 
.96222 
.96214 
.96206 
.96198 
.96190 
.96182 
.96174 
.96166 
.96158 
.96150 
.96142 
.96134 
.96126 


16° 

Sine   Cosine 


.27564 
.27592 
.27620 
.27648 
.27676 
.27704 
•27731 
•27759 
.27787 
.27815 
.27843 

.27871 
.27899 
.27927 

.27955 
.27983 
.28011 
.28039 
.28067 
.28095 
.28123 

.28150 
.28178 
.28206 
•28234 
.28262 
.2S290 
.28318 
.28346 

•28374 
.28402 

.28429 
•28457 
.28485 
.28513 
.28541 
.28569 
•28597 
.28625 
.28652 
.28680 
.28708 
.28736 
.28764 
.28792 
.2S820 
.28847 

.28875 
.28903 
.28931 
.28959 

.28987 
.29015 
.20042 
.29070 
.29098 
.29126 

•29154 
.29182 
.29209 
.29237 


Cosine  I  Sine   Cosine  I  Sine 
74°    \  73° 


NATURAL  SINES 


1609 


17° 

18° 

1 

9° 

2 

0° 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

.29237 

•95630 

.30902 

.95106 

•32557 

•94552 

.34202 

.93969 

60 

.29265 

.95622 

.30929 

•95097 

•32584 

•94542 

•34229 

•93959 

59 

.29293 

•95613 

•30957 

.95088 

.32612 

•94533 

•34257 

•93949 

58 

.29321 

•95605 

•30985 

•95079 

.32639 

•94523 

.34284 

•93939 

57 

.29348 

•95596 

.31012 

.95070 

.32667 

•94514 

•343 1 1 

.93929 

56 

.29376 

.95588 

.31040 

.95061 

.32694 

.94504 

•34339 

•93919 

55 

.29404 

•95579 

.31068 

•95052 

.32722 

•94495 

•34366 

•93909 

54 

.29432 

•95571 

•31095 

•95043 

•32749 

.94485 

•34393 

.93899 

53 

.29460 

•95562 

.31123 

•95033 

•32777 

•94476 

.34421 

.93889 

52 

.29487 

•95554 

•31151 

.95024 

.32804 

.94466 

.34448 

•93879 

5i 

•29515 

•95545 

.31178 

•95015 

.32832 

•94457 

•34475 

.93869 

50 

•29543 

•95536 

.31206 

.95006 

•32859 

•94447 

•34503 

•93859 

49 

•29571 

•95528 

•31233 

.94997 

.32887 

•94438 

•34530 

•93849 

48 

•29599 

•95519 

.31261 

.94988 

•32914 

.94428 

•34557 

•93839 

47 

.29626 

•955H 

.31289 

•94979 

.32942 

.94418 

•34584 

•93829 

46 

.29654 

•95502 

.31316 

.94970 

.32969 

•94409 

.34612 

.93819 

45 

.29682 

•95493 

•31344 

.94961 

•32997 

•94399 

•34639 

.93809 

44 

.29710 

•95485 

•31372 

.94952 

•33024 

•94390 

.34666 

•93799 

43 

•29737 

•95476 

•31399 

•94943 

•33051 

•9438o 

.34694 

•93789 

42 

.29765 

•95467 

•31427 

•94933 

•33079 

•94370 

•34721 

•93779 

41 

.29793 

•95459 

•31454 

•94924 

.33106 

.94361 

•34748 

•93769 

40 

.29821 

•9545o 

.31482 

•94915 

.33134 

•94351 

•34775 

•93759 

39 

.29849 

•95441 

•31510 

.94906 

.33161 

.94342 

•34803 

.93748 

38 

.29876 

•95433 

•31537 

•94897 

•33189 

•94332 

•34830 

•93738 

37 

.29904 

•95424 

•31565 

.94888 

.33216 

.94322 

•34857 

•93728 

36 

.29932 

•95415 

•31593 

.94878 

•33244 

•94313 

.34884 

•93718 

35 

.29960 

•95407 

.31620 

.94869 

•33271 

•94303 

.34912 

.93708 

34 

.29987 

■95398 

.31648 

.94860 

•33298 

•94293 

•34939 

.93698 

33 

•30015 

•95389 

•31675 

.94851 

.33326 

.94284 

.34966 

.93688 

32 

•30043 

•9538o 

•31703 

.94842 

•33353 

•942  74 

•34993 

•93677 

3i 

.30071 

•95372 

•31730 

.94832 

•3338i 

.94264 

.35021 

.93667 

30 

.30098 

•95363 

•31758 

•94823 

•334o8 

•94254 

•35048 

•93657 

29 

1   .30126 

•95354 

.31786 

.94814 

•33436 

•94245 

•35075 

•93647 

28 

•30154 

•95345 

•31813 

.94805 

•33463 

•94235 

•35102 

•93637 

27 

.30182 

•95337 

.31841 

•94795 

•33490 

.94225 

•35130 

.93626 

26 

.30209 

•95328 

.31868 

.94786 

•335i8 

•94215 

•35157 

.93616 

25 

•30237 

•95319 

.31896 

•94777 

•33545 

.94206 

•35184 

.93606 

24 

.30265 

•953IO 

•31923 

.94768 

•33573 

.94196 

•352 1 1 

•93596 

23 

.30292 

•95301 

•31951 

•94758 

.33600 

.94186 

•35239 

•93585 

22 

•30320 

•95293 

•31979 

•94749 

•33627 

.94176 

•35266 

•93575 

21 

•30348 

.95284 

.32006 

.94740 

•33655 

.94167 

•35293 

•9356S 

20 

•30376 

•95275 

•32034 

•94730 

.33682 

•94157 

•35320 

•93555 

19 

•30403 

.95266 

.32061 

•94721 

•337IO 

.94147 

•35347 

•93544 

18 

•30431 

•95257 

.32089 

.94712 

•33737 

•94137 

•35375 

•93534 

17 

•30459 

.95248 

.32116 

.94702 

•33764 

.94127 

•35402 

•93524 

16 

.30486 

.95240 

•32144 

•94693 

•33792 

.94118 

•35429 

•93514 

15 

•30514 

•95231 

.32171 

.94684 

•33819 

.94108 

•35456 

•93503 

14 

•30542 

•95222 

•32199 

.94674 

•33846 

.94098 

•35484 

•93493 

13 

•30570 

•95213 

.32227 

.94665 

•33874 

.94088 

•355H 

•93483 

12 

•30597 

•95204 

•32254 

.94656 

•33901 

.94078 

.35538 

•93473 

11 

•30625 

•95195 

.32282 

.94646 

•33929 

.94068 

.35565 

•93462 

10 

•30653 

.95iS6 

.32309 

•94637 

•33956 

.94058 

•35592 

•93452 

9 

.30680 

•95177 

•32337 

.94627 

■33983 

•94049 

•35619 

•93441 

8 

.30708 

.95168 

•32364 

.94618 

•340II 

.94039 

•35647 

•93431 

7 

•30736 

•95159 

.32392 

.94609 

•34038 

.94029 

.35674 

.93420 

6 

•30763 

•95150 

•32419 

•94599 

•34065 

.94019 

•35701 

.93410 

5 

•30791 

.95142 

•32447 

•94590 

•34093 

.94009 

.35728 

.93400 

4 

•30819 

'95133 

•32474 

.9458o 

.34120 

•93999 

•35755 

•93389 

3 

.30846 

•95124 

.32502 

•94571 

.34147 

'93989 

.35782 

•93379 

2 

.30874 

•951 15 

•32529 

.94561 

•34175 

•93979 

.35810 

•93368 

1 

.30902 

.95106 

•32557 

•94552 

.34202 

•93969 

•35837 

•93358 

0 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

1 

75 

)0 

71 

L° 

7( 

)° 

6< 

>° 

i6io 


GENERAL  TABLES 


21° 

22° 

23° 

24° 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Snre 

COSENTE 

o 

•35837 

•93358 

•3746i 

.92718 

•39073 

.92050 

.40674 

•91355 

I 

•35S64 

•93348 

.37488 

.92707 

.39100 

.92039 

.40700 

•91343 

2 

•35891 

•93337 

•37515 

.92697 

•39127 

.92028 

•40727 

•9I33I 

3 

.35918 

•93327 

•37542 

.92686 

•39153 

.92016 

•40753 

.91319 

4 

•35945 

•933i6 

.37569 

•92675 

.39180 

.92005 

.40780 

.91307 

5 

•35973 

•933o6 

•37595 

.92664 

•39207 

.91994 

.40806 

•91295 

6 

.36000 

•93295 

.37622 

•92653 

•39234 

.91982 

•40833 

.91283 

7 

.36027 

•93285 

•37649 

.92642 

.39260 

.91971 

.40860 

.91272 

8 

•36054 

•93274 

.37676 

.92631 

.39287 

•91959 

.40886 

.91260 

9 

.36081 

.93264 

•37703 

.92620 

•39314 

.91948 

.40913 

.91248 

to 

.36108 

•93253 

•37730 

.92609 

•3934i 

.91936 

.40939 

.91236 

ii 

.36135 

•93243 

•37757 

.92598 

•39367 

.91925 

.40966 

.91224 

12 

.36162 

.93232 

•37784 

.92587 

•39394 

.91914 

.40992 

.91212 

13 

.36190 

.93222 

.37811 

•92576 

•39421 

.91902 

.41019 

.91200 

14 

.36217 

.93211 

•37838 

•92565 

•39448 

.91891 

.41045 

.91188 

15 

.36244 

•93201 

.37865 

•92554 

•39474 

.91879 

.41072 

.91176 

16 

•36271 

.93190 

•37892 

•92543 

•39501 

.91868 

.41098 

.91164 

17 

.36298 

.93180 

•37919 

•92532 

•39528 

.91856 

.41125 

.91152 

18 

•36325 

.93169 

•37946 

•92521 

•39555 

.9184^ 

.41151 

.91140 

19 

•36352 

•93159 

•37973 

.92510 

•3958i 

•91833 

.41178 

.91128 

20 

•36379 

.93148 

•37999 

.92499 

.39608 

.91822 

.41204 

.91116 

21 

.36406 

•93137 

.38026 

.92488 

•39635 

.91810 

.41231 

.9IIO4 

22 

•36434 

•93127 

•38053 

.92477 

.39661 

.91799 

•41257 

.91092 

23 

.36461 

•931 16 

.38080 

.92466 

.39688 

.91787 

.41284 

.91080 

24 

.36488 

.93106 

.38107 

•92455 

•39715 

•91775 

.41310 

.91068 

25 

•36515 

•93095 

•38134 

.92444 

•39741 

.91764 

•41337 

.91056 

26 

■36542 

.93084 

.38161 

.92432 

.39768 

•91752 

.4:363 

.91044 

27 

•36569 

•93074 

.381S8 

.92421 

•39795 

.91741 

.41390 

.91032 

28 

.36596 

•93063 

.38215 

.92410 

.39822 

.91729 

.41416 

.91020 

29 

.36623 

•93052 

•38241 

.92399 

.39848 

.91718 

.41443 

.91008 

30 

.36650 

•93042 

.38268 

.92388 

•39875 

.91706 

.41469 

.90996 

31 

.36677 

•93031 

•38295 

•92377 

.39902 

.91694 

.41496 

.90984 

32 

.36704 

.93020 

•38322 

.92366 

.39928 

.91683 

.41522 

.90972 

33 

•36731 

.93010 

•38349 

•92355 

•39955 

.91671 

.41549 

.90960 

34 

•36758 

•92999 

•38376 

•92343 

•39982 

.91660 

•41575 

.90948 

35 

.36785 

.92988 

•38403 

.92332 

.40008 

.91648 

.41602 

.90936 

36 

.36812 

.92978 

•38430 

.92321 

•40035 

.91636 

.41628 

.90924 

37 

•36839 

.92967 

•38456 

.92310 

.40062 

.91625 

.41655 

.90911 

38 

.36867 

.92956 

.38483 

.92299 

.40088 

.91613 

.41681 

.90899 

39 

.36894 

•92945 

.38510 

.92287 

.40115 

.91601 

.41707 

.90887 

40 

.36921 

•92935 

•38537 

.92276 

.40141 

.91590 

.41734 

•90875 

41 

.36948 

.92924 

.38564 

.92265 

.40168 

•91578 

.41760 

.90863 

42 

•36975 

.92913 

•3S591 

.92254 

.40195 

.91566 

.41787 

.90851 

43 

.37002 

.92902 

.38617 

.92243 

.40221 

•91555 

.41813 

.90839 

44 

.37029 

.92892 

.38644 

.92231 

.40248 

•91543 

.41840 

.90S26 

45 

•37056 

.928S1 

.38671 

.92220 

•40275 

•91531 

.41866 

.90814 

46 

•37083 

.92870 

.38698 

.92209 

.40301 

•91519 

.41892 

.90802 

47 

.37110 

.92859 

•38725 

.92198 

.40328 

.91508 

.41919 

.90790 

48 

.37137 

•92849 

•38752 

.92186 

.40355 

.91496 

•41945 

•OO778 

49 

.37164 

.92S38 

•38778 

•92175 

.40381 

.91484 

.41972 

.90766 

5o 

•37i9i 

.92827 

.38805 

.92164 

.40408 

.91472 

.41998 

•90753 

5i 

.37218 

.92816 

.38832 

.92152 

.40434 

.91461 

.42024 

.90741 

52 

•37245 

.92805 

.38859 

.92141 

.40461 

.91449 

.42051 

.90729 

53 

.37272 

.92794 

.38886 

.92130 

.40488 

•91437 

•42077 

.90717 

54 

•37299 

.92784 

.38912 

.92119 

.40514 

•91425 

.42104 

•90704 

55 

•37326 

•92773 

•38939 

.92107 

.40541 

.91414 

.42130 

.90692 

56 

•37353 

.92762 

.38966 

.92096 

.40567 

.91402 

.42156 

.90680 

57 

.3738o 

•92751 

•38993 

.92085 

.40594 

.91390 

.42183 

.9o663 

58 

•37407 

.92740 

.39020 

.92073 

.40621 

.91378 

.42209 

•90655 

59 

•37434 

.92729 

.39046 

•.92062 

.40647 

.91366 

•42235 

•90643 

60 

•3746i 

.92718 

•39073 

.92050 

.40674 

•91355 

.42262 

.90631 

/ 

Cosine 

Sine 

1 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

1 

6S 

6< 

70 

6t 

>• 

6i 

;°        1 

NATURAL  SINES 


1611 


2 

5° 

26° 

27° 

28° 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

>      .42262 

.90631 

•43837 

.89879 

•45399 

.89101 

.46947 

.88295 

.42288 

.90618 

.43863 

.89867 

•45425 

.89087 

•46973 

.88281 

•42315 

.90606 

.43889 

.89854 

•45451 

.89074 

.46999 

.88267 

.42341 

.90594 

.43916 

.89841 

•45477 

.89061 

.47024 

.88254 

•42367 

.90582 

•43942 

.89828 

•45503 

.89048 

.47050 

.88240 

•42394 

.90569 

.43968 

.89816 

•45529 

•89035 

•47076 

.88226 

.42420 

•90557 

•43994 

.89803 

•45554 

.89021 

.47101 

.88213 

.42446 

•90545 

.44020 

.89790 

•4558o 

.89008 

.47127 

.88199 

•42473 

•90532 

.44046 

.89777 

.45606 

.88995 

.47153 

.88185 

.42499 

.90520 

.44072 

.89764 

•45632 

.88981 

.47178 

.88172 

.42525 

.90507 

.44098 

.89752 

.45658 

.88968 

•47204 

.88158 

.42552 

•90495 

.44124 

•89739 

.45684 

.88955 

•4J229 

.88144 

•42578 

.90483 

•44I5I 

.89726 

•457IO 

.88942 

•47255 

.88130 

.42604 

.90470 

•44177 

•89713 

•45736 

.88928 

.47281 

.88117 

•42631 

■90458 

•44203 

.89700 

•45762 

.88915 

.47306 

.88103 

•42657 

.90446 

•44229 

.89687 

•45787 

.88902 

•47332 

.88089 

.42683 

•90433 

•442  55 

.89674 

•45813 

.88888 

•47358 

.88075 

.42709 

.9042 1 

.44281 

.89662 

•45839 

.88875 

•47383 

.88062 

.42736 

.90408 

•44307 

.89649 

.45865 

.88862 

.47409 

.88048 

.42762 

.90396 

•44333 

.89636 

.45891 

.88848 

•47434 

.88034 

.42788 

•90383 

•44359 

.89623 

•45917 

.88835 

.47460 

.88020 

•42815 

•90371 

•44385 

.89610 

•45942 

.88822 

.474S6 

.88006 

.42841 

•90358 

.44411 

•89597 

.4596S 

.88808 

•475 1 1 

•87993 

.42867 

.90346 

•44437 

.89584 

•45994 

•8S795 

•47537 

.87979 

.42894 

•90334 

.44464 

•89571 

.46020 

.88782 

•47562 

.87965 

.42920 

•90321 

.44490 

•89558 

.46046 

.88768 

.47588 

•87951 

.42946 

.90309 

.44516 

•89545 

.46072 

•88755 

.47614 

•87937 

.42972 

.90296 

•44542 

•89532 

.46097 

.88741 

•47639 

•87923 

.42999 

.90284 

.44568 

.89519 

•46123 

.88728 

•47665 

.87909 

•43025 

.90271 

•44594 

.89506 

.46149 

.88715 

.47690 

.87896 

•43051 

•90259 

.44620 

89493 

.46175 

.88701 

.47716 

.87882 

.43077 

.90246 

.44646 

.89480 

.46201 

.88688 

•47741 

.87868 

.43104 

.90233 

.44672 

.89467 

.46226 

.88674 

.47767 

.87854 

•43130 

.90221 

.44698 

•89454 

.46252 

.88661 

•47793 

.87840 

•43156 

.90208 

•44724 

.89441 

.46278 

.88647 

.47818 

.87826 

.43182 

.90196 

•44750 

.89428 

.46304 

.88634 

•47844 

.87812 

.43209 

.90183 

.44776 

.89415 

•46330 

.88620 

.47869 

.87798 

.43235 

.90171 

.44802 

.89402 

•46355 

.88607 

.47895 

.87784 

.43261 

.90158 

.44828 

.89389 

.46381 

•88593 

.47920 

.87770 

•43287 

.90146 

•44854 

.89376 

.46407 

.88580 

.47946 

.87756 

•433-3 

•90133 

.44880 

•89363 

•46433 

.88566 

•47971 

•87743 

•43340 

.90120 

.44906 

•89350 

.46458 

•88553 

•47997 

.87729 

•43366 

.90108 

•44932 

•89337 

.46484 

.88539 

.48022 

.87715 

•43392 

.90095 

•44958 

•89324 

.46510 

.88526 

.48048 

.87701 

.43418 

.90082 

.44984 

.89311 

.46536 

.88512 

.48073 

.87687 

•43445 

.90070 

.45010 

.89298 

.46561 

.88499 

.48099 

.87673 

•43471 

•90057 

.45036 

.89285 

.46587 

.88485 

.48124 

.87659 

•43497 

.90045 

.45062 

.89272 

.46613 

.88472 

.48150 

•87645 

•43523 

.90032 

.45088 

•89259 

•46639 

.88458 

•48i75 

.87631 

•43549 

.90019 

•45H4 

.89245 

.46664 

.88445 

.48201 

.87617 

•43575 

.90007 

.45140 

.89232 

.46690 

.8S431 

.48226 

.87603 

.43602 

•89994 

.45166 

.89219 

.46716 

.88417 

.48252 

.87589 

.43628 

.89981 

45192 

.89206 

.46742 

.88404 

.48277 

•87575 

•43654 

.89968 

.45218 

.89193 

.46767 

.88390 

•48303 

.87561 

.43680 

.89956 

•45243 

.89180 

•46793 

.88377 

.48328 

.87546 

•437o6 

•89943 

.45269 

.89167 

.46819 

.88363 

•48354 

•87532 

•43733 

•89930 

•4529S 

•89153 

.46844 

.88349 

•48379 

.87518 

•43759 

.89918 

•45321 

.89140 

.46870 

.88336 

.48405 

.87504 

•43785 

.89905 

•45347 

.89127 

.46896 

.88322 

.48430 

.87490 

.43811 

.89892 

•45373 

.89114 

.46921 

.88308 

.48456 

.87476 

•43837 

.89879 

•45399 

.89101 

•46947 

.88295 

.48481 

.87462 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

1          6< 

1° 

6: 

5° 

& 

>o 

6: 

L° 

l6l2 


GENERAL  TABLES 


29° 

30° 

31° 

32° 

/ 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

o 

.48481 

.87462 

.50000 

.86603 

•51504 

.85717 

.52992 

.84805 

I 

.48506 

.87448 

.50025 

.86588 

•51529 

.85702 

•53017 

.84789 

a 

•48532 

•87434 

.50050 

.86573 

•51554 

.85687 

•53041 

•84774 

3 

•48557 

.87420 

.50076 

.86559 

•51579 

.85672 

.53066 

•84759 

4 

•48583 

.87406 

.50101 

.86544 

.51604 

•85657 

•53091 

.84743 

5 

.48608 

.87391 

.50126 

.86530 

.51628 

.85642 

•53H5 

.84728 

6 

•48634 

•87377 

.50151 

.86515 

•51653 

.85627 

•53140 

•84712. 

7 

.48659 

.87363 

.50176 

.86501 

.51678 

.85612 

•53164 

.84697 

8 

.48684 

.87349 

.50201 

.86486 

•51703 

•85597 

•53189 

.84681 

9 

.48710 

•87335 

.50227 

.86471 

.51728 

.85582 

•53214 

.84666 

IO 

•48735 

•87321 

•50252 

.86457 

•51753 

.85567 

•53238 

.84650 

ii 

.48761 

.87306 

.50277 

.86442 

.51778 

.85551 

•53263 

•84635 

12 

.48786 

.87292 

•50302 

.86427 

.51803 

.85536 

.53288 

.84619 

13 

.48811 

.87278 

•50327 

.86413 

.51828 

•85521 

•53312 

.84604 

14 

•48837 

.87264 

•50352 

.86398 

.51852 

.85506 

•53337 

.84588 

IS 

.48862 

.87250 

•50377 

.86384 

•51877 

.85491 

.53361 

•84573 

16 

.48888 

.87235 

•50403 

.86369 

.51902 

.85476 

.53386 

•84557 

17 

.48913 

.87221 

.50428 

•86354 

•51927 

.85461 

•534H 

•84542 

18 

.48938 

.87207 

•50453 

.86340 

.51952 

.85446 

•53435 

.84526 

19 

.48964 

•87193 

•50478 

.86325 

.51977 

•85431 

•5346o 

.84511 

20 

.48989 

.87178 

•50503 

.86310 

.52002 

.85416 

•53484 

.84495 

21 

.49014 

.87164 

.50528 

.86295 

.52026 

.85401 

•53509 

.84480 

22 

.49040 

•87150 

•50553 

.86281 

•52051 

.85385 

•53534 

.84464 

23 

.49065 

.87136 

•50578 

.86266 

.52076 

•85370 

•53558 

.84448 

24 

.49090 

.87121 

.50603 

.86251 

.52101 

•85355 

•53583 

•84433 

25 

.49116 

.87107 

.50628 

.86237 

.52126 

•85340 

•53607 

.84417 

26 

.49141 

•87093 

•50654 

.86222 

•52151 

•85325 

•53632 

.84402 

27 

49166 

.87079 

•50679 

.86207 

•52175 

•85310 

•53656 

.84386 

28 

.49192 

.87064 

.50704 

.86192 

.52200 

•85294 

.53681 

•84370 

29 

.49217 

.87050 

•50729 

.86178 

•52225 

.85279 

•53705 

•84355 

30 

.49242 

.87036 

•50754 

.86163 

.52250 

.85264 

•53730 

•84339 

31 

.49268 

.87021 

•50779 

.86148 

•52275 

•85249 

•53754 

84324 

32 

•49293 

.87007 

.50804 

.86133 

•52299 

•85234 

•53779 

.84308 

33 

.49318 

.86993 

.50829 

.86119 

•52324 

.85218 

•53804 

.84292 

34 

•49344 

.86978 

•50854 

.86104 

•52349 

.85203 

.53828 

.84277 

35 

•40369 

.86964 

•50879 

.86089 

•52374 

.85188 

•53853 

.84261 

36 

•49394 

.86949 

.50904 

.86074 

•52399 

•85173 

•53877 

.84245 

37 

.49419 

.86935 

.50929 

.86059 

•52423 

.85157 

•53902 

•84230 

38 

•49445 

.86921 

.50954 

.86045 

.52448 

.85142 

•53926 

.84214 

39 

.49470 

.86906 

•50979 

.86030 

.52473 

•85127 

•53951 

.84198 

40 

•49495 

.86892 

.51004 

.86015 

.52498 

.85112 

•53975 

.84182 

41 

.49521 

.86878 

.51029 

.86000 

.52522 

.85096 

.54000 

.84167 

42 

.49546 

.86863 

.51054 

.85985 

•52547 

.85081 

•54024 

.84151 

43 

•49571 

.86849 

.51079 

.85970 

.52572 

.85066 

•54049 

•84135 

44 

.49596 

.86834 

.51104 

.85956 

.52597 

.85051 

•54073 

.84120 

45 

.49622 

.86820 

.51129 

•85941 

.52621 

•8503S 

•54097 

.84104 

46 

.49647 

.86805 

•5H54 

.85926 

.52646 

.85020 

•54122 

.84088 

47 

.49672 

.86791 

•5ii79 

.85911 

.52671 

.85005 

.54146 

.84072 

48 

.49697 

.86777 

.51204 

.85896 

.52696 

.84989 

•54I7I 

•84057 

49 

.49723 

.86762 

.51229 

.85881 

.52720 

.84974 

•54195 

.84041 

50 

-49748 

.86748 

.51254 

.85866 

.52745 

.84959 

.54220 

.84025 

51 

•49773 

.86733 

•51279 

.85851 

.52770 

•84943 

•54244 

.84009 

52 

.49798 

.86719 

•51304 

.85836 

•52794 

.84928 

.54269 

•83994 

53 

.49824 

.86704 

•51329 

.85821 

.52819 

.84913 

•54293 

•83978 

54 

.49849 

.86690 

.51354 

.85806 

.52844 

.84897 

•54317 

.83962 

55 

.49874 

.86675 

•51379 

.85792 

.52869 

.84882 

•54342 

.83946 

56 

.49899 

.86661 

.51404 

.85777 

.52893 

.84866 

.54366 

•83930 

57 

.49924 

.86646 

•51429 

.85762 

.52918 

.84851 

•54391 

•83915 

58 

.49950 

.86632 

•51454 

•85747 

•52943 

.84836 

•544IS 

.83899 

59 

•49975 

.86617 

•51479 

•85732 

•52967 

.84820 

.54440 

.83883 

60 

.50000 

.86603 

.51504 

•85717 

.52992 

.84805 

•54464 

.83867 

/ 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

6 

0° 

5( 

r 

51 

1° 

.5' 

7° 

NATURAL  SINES 


1613 


33° 

3^ 

1° 

1          35° 

31 

3° 

* 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosnie 

t 

0 

.54464 

.83867 

•55919 

.82904 

•57358 

.81915 

•58779 

.80902 

60 

I 

.54488 

.83851 

•55943 

.82887 

.57381 

.81899 

.58802 

.80885 

59 

2 

•54513 

.83835 

.55968 

.82871 

.57405 

.81882 

.58826 

.80867 

58 

3 

•54537 

.83819 

•55992 

.82855 

•57429 

.81865 

.58849 

.80850 

57 

4 

•5456i 

.83804 

.56016 

.82839 

•57453 

.81848 

.58873 

.80833 

56 

5 

.54586 

.83788 

.56040 

.82822 

•57477 

.81832 

.58896 

.80816 

55 

6 

.54610 

•83772 

.56064 

.82806 

•57501 

.81815 

.58920 

.80799 

54 

7 

.54635 

.83756 

.56088 

.82700 

•57524 

.81798 

•58943 

.80782 

53 

8 

•54659 

.83740 

.56112 

•82773 

.57548 

.81782 

.58967 

.80765 

52 

9 

.54683 

•83724 

•56136 

•82757 

•57572 

.81765 

.58990 

.80748 

51 

0 

.54708 

.83708 

.56160 

.82741 

•57596 

.81748 

.59014 

.80730 

50 

1 

•54732 

83692 

.56184 

.82724 

•57619 

.81731 

•59037 

.80713 

49 

2 

.54756 

.83676 

.56208 

.82708 

.57643 

.81714 

.59061 

.80696 

48 

3 

.5478i 

.83660 

.56232 

.82692 

•57667 

.81698 

.59084 

.80679 

47 

4 

•54805 

•83645 

.56256 

.82675 

•57691 

.81681 

.59108 

.80662 

46 

S 

•54829 

.83629 

.56280 

.82659 

•57715 

.81664 

•59131 

.80644 

45 

6 

•54854 

.83613 

•56305 

.82643 

.57738 

.81647 

•59154 

.80627 

44 

7 

•54878 

•83597 

.56329 

.82626 

.57762 

.81631 

•59178 

.80610 

43 

8 

•54902 

.83581 

•56353 

.82610 

.57786 

.81614 

•59201 

•80593 

42 

9 

•54927 

.83565 

•56377 

•82593 

.57810 

•81597 

•59225 

.S0576 

41 

0 

•54951 

•83549 

.56401 

.82577 

.57833 

.81580 

.59248 

.80558 

40 

1 

•54975 

•83533 

•56425 

.82561 

•57857 

.81563 

•59272 

.80541 

39 

2 

•54999 

.83517 

.56449 

.82544 

.57881 

.81546 

•59295 

.80524 

38 

3 

•55024 

.83501 

•56473 

.82528 

•57904 

.81530 

•59318 

.80507 

37 

4 

•55048 

.83485 

•56497 

.82511 

.57928 

.81513 

•59342 

.80489 

36 

5 

•55072 

.83469 

.56521 

■82495 

•57952 

.81496 

•59365 

.80472 

35 

6 

•55097 

•83453 

•56545 

.82478 

•57976 

•81479 

•59389 

.80455 

34 

7 

.55121 

•83437 

•56569 

.82462 

•57999 

.81462 

.59412 

.80438 

33 

8 

•55145 

.83421 

•56593 

.82446 

■58023 

.81445 

•59436 

.80420 

3» 

9 

•55169 

•83405 

.56617 

.82429 

.58047 

.81428 

•59459 

.80403 

3i 

0 

•55194 

•83389 

.56641 

.82413 

.58070 

.81412 

•5948a 

.80386 

30 

1 

•552i8 

•83373 

.56665 

•82396 

.58094 

.81395 

.595o6 

.80368 

29 

2 

•55242 

•83356 

.56689 

•82340 

.58118 

.81378 

.59529 

.80351 

28 

8 

.55266 

•83340 

•56713 

.82363 

.58141 

.81361 

•59552 

•80334 

27 

4 

•55291 

•83324 

•56736 

•82347 

.58165 

.81344 

•59576 

.80316 

26 

5 

•55315 

.83308 

.56760 

•82330 

.58189 

.81327 

•59599 

.80299 

25 

6 

•55339 

.83292 

.56784 

•82314 

.58212 

.81310 

.59622 

.80282 

24 

7 

•55363 

.83276 

.56808 

.82297 

.58236 

.81293 

.59646 

.80264 

23 

8 

•55388 

.83260 

.56832 

.82281 

.58260 

.81276 

.59669 

.80247 

22 

9 

•55412 

.83244 

.56856 

.82264 

.58283 

.81259 

•59693 

.80230 

21 

0 

•55436 

.83228 

.56880 

.82248 

•58307 

.81242 

•597i6 

.80212 

20 

1 

•5546o 

.83212 

.56904 

.82231 

•58330 

.81225 

•59739 

.80195 

19 

2 

•55484 

•83195 

.56928 

.82214 

•58354 

.81208 

•59763 

.80178 

18 

3 

•55509 

•83179 

.56952 

.82198 

.58378 

.81191 

.59786 

.80160 

17 

4 

•55533 

.83163 

.56976 

.82181 

.58401 

.81174 

.59809 

.80143 

16 

5 

•55557 

•83147 

•57000 

.82165 

•58425 

.81157 

•59832 

.80125 

15 

6 

•5558i 

.83131 

•57024 

.82148 

•58449 

.81140 

.59856 

.80108 

14 

7 

•55605 

■83115 

•57047 

.82132 

.58472 

.81123 

.59879 

.80091 

13 

8 

•55630 

.83098 

•57071 

.82115 

.58496 

.81106 

.59902 

.80073 

12 

9 

•55654 

.83082 

•57095 

.82098 

•58519 

.81089 

•59926 

.80056 

11 

D 

.55678 

.83066 

•57H9 

.82082 

•58543 

.81072 

•59949 

.80038 

10 

I 

•55702 

.83050 

•57143 

.82065 

.58567 

.81055 

•59972 

.80021 

9 

2 

•55726 

•83034 

•57i67 

.82048 

.58590 

.81038 

•59995 

.80003 

8 

3 

•557SO 

.83017 

•57I9I 

.82032 

.58614 

.81021 

.60019 

.79986 

7 

4 

•55775 

.83001 

•57215 

.82015 

.58637 

.81004 

.60042 

.79968 

6 

> 

•55799 

.82985 

•57238 

.81999 

.58661 

.80987 

.60065 

•79951 

5 

5 

•55823 

.82969 

.57262 

.81982 

.58684 

.80970 

.60089 

•79934 

4 

7 

•55847 

•82953 

.57286 

.81965 

.58708 

•80953 

.60112 

.79916 

3 

1 

.55871 

.82936 

•573IO 

.81949 

.58731 

.80936 

.60135 

.79899 

2 

i 

•55895 

.82920 

•57334 

.81932 

.58755 

.80919 

.60158 

.79881 

1 

y 

•55919 

.82904 

•57358 

.81915 

•58779 

.80902 

.60182 

.79864 

0 

Cosine 

Sine 

Cosine 

Sine 

Co«ine 

Sine 

Cosine 

Sine 

/ 

56 

>° 
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>° 
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1° 

5c 

J° 

1614 


GENERAL  TABLES 


37° 

38° 

39° 

40° 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

.60182 

.79864 

.61566 

.78801 

.62932 

.77715 

.64279 

.76604 

.60205 

.79846 

.61589 

.78783 

•62955 

.77696 

.64301 

.765S6 

.60228 

.79829 

.61612 

.78765 

.62977 

.77678 

•64323 

•76567 

.60251 

.79811 

.61635 

•78747 

.63000 

.77660 

.64346 

.76548 

.60274 

•79793 

.61658 

.78729 

.63022 

.77641 

.64368 

•76530 

.60298 

•79776 

.61681 

.78711 

•63045 

•77623 

.64300 

.76511 

.60321 

•79758 

.61704 

.78694 

.63068 

.77605 

.64412 

.76492 

.60344 

•7974i 

.61726 

.78676 

.63090 

.77586 

•64435 

•76473 

•60367 

•79723 

.61749 

.78658 

•631 13 

.77568 

•64457 

•76455 

.60390 

.79706 

.61772 

.78640 

•63135 

•7755o 

•64479 

•76436 

.60414 

.79688 

.61795 

.78622 

.63158 

•77531 

.64501 

.76417 

.60437 

.79671 

.61818 

.78604 

.63180 

•77513 

.64524 

•76398 

.60460 

•79653 

.61841 

.78586 

•63203 

•77494 

.64546 

.76380 

.60483 

•79635 

.61864 

.78568 

•63225 

•77476 

.64568 

.76361 

.60506 

.79618 

.61887 

•78550 

.63248 

•77458 

.64500 

.76342 

.60529 

.79600 

.61909 

•78532 

.63271 

•77439 

.64612 

•76323 

•60553 

•79583 

.61932 

•78514 

•63293 

.77421 

•64635 

.76304 

.60576 

•79565 

•61955 

.78496 

.63316 

.77402 

•64657 

.76286 

.60599 

•79547 

.61978 

.78478 

■63338 

.77384 

.64679 

.76267 

.60622 

•7953° 

.62001 

.78460 

.63361 

.77366 

.64701 

.76248 

.60645 

•79512 

.62024 

.78442 

•63383 

•77347 

.64723 

.76229 

.60668 

•79494 

.62046 

.78424 

.63406 

•77329 

.64746 

.76210 

.60691 

•79477 

.62069 

•78405 

.63428 

.773io 

.64768 

.76192 

.60714 

•79459 

.62092 

.78387 

•63451 

.77292 

.64790 

•76173 

.60738 

.79441 

.62115 

.78369 

•63473 

•77273 

.64812 

.76154 

.60761 

•79424 

.62138 

.78351 

.63406 

■77255 

.64834 

.76135 

.60784 

.79406 

.62160 

•78333 

.63518 

.77236 

.64856 

.76116 

.60807 

.79388 

.62183 

.78315 

•63540 

.77218 

.64878 

.76097 

.60830 

•79371 

.62206 

•78297 

•63563 

.77199 

.64001 

.76078 

.60853 

•79353 

.62229 

.78279 

•63585 

.77:81 

.64923 

.76059 

.60876 

•79335 

.62251 

.78261 

.63608 

.77162 

•64945 

.76041 

.60899 

•793i8 

.62274 

•78243 

.63630 

.77144 

.64967 

.76022 

•60922 

.79300 

.62297 

.78225 

•63653 

.77125 

.64989 

•76003 

.60945 

.79282 

.62320 

.78206 

.63675 

.77107 

.65011 

•75984 

.60968 

.79264 

.62342 

.78188 

.63698 

.77088 

•65033 

•75965 

.60991 

.79247 

.62365 

.78170 

.63720 

.77070 

•65055 

.75946 

.61015 

.79229 

.62388 

.78152 

•63742 

•77051 

•65077 

.75927 

.61038 

.79211 

.62411 

.78134 

•63765 

•77033 

.65100 

.75908 

.61061 

•79193 

•62433 

.78116 

•63787 

•77oi4 

.65122 

.75889 

.61084 

.79176 

.62456 

.78098 

.63810 

.76996 

.65144 

.75870 

.61107 

•79158 

.62479 

•78079 

.63832 

•76977 

.65166 

.75851 

.61130 

.79140 

.62502 

.78061 

.63854 

•76959 

.65188 

.75832 

•61153 

.79122 

.62524 

•78043 

.63877 

.76940 

.65210 

.75813 

.61176 

•79105 

•62547 

.78025 

.63899 

.76921 

.65232 

•75794 

.61199 

.79087 

.62570 

.78007 

.63922 

.76903 

.65254 

•75775 

.61222 

.70069 

.62592 

.77988 

.63944 

.76884 

.65276 

.75756 

.61245 

.79051 

.62615 

.77970 

.63966 

.76866 

.65298 

.75738 

.61268 

•79033 

.62638 

.77952 

.63989 

.76847 

.65320 

•75719 

.61291 

"79016 

.62660 

•77934 

.64011 

.7682S 

.65342 

•75700 

.61314 

.78998 

.626S3 

.77916 

•64033 

.76810 

•65364 

.75680 

•61337 

.78980 

.62706 

.77897 

.64056 

.76791 

.653S6 

.75661 

.61360 

.78962 

.62728 

.77879 

.64078 

.76772 

.65408 

.75642 

.61383 

.78944 

.62751 

.77861 

.64100 

•76754 

•65430 

.75623 

.61406 

.78926 

•62774 

•77843 

.64123 

•76735 

•65452 

•75604 

.61429 

.78908 

.62796 

•77824 

.64145 

.76717 

•65474 

•75585 

.61451 

.78891 

.62819 

.77806 

.64167 

.76608 

.65496 

•75566 

•61474 

.78873 

.62842 

.77788 

.64100 

.76679 

.65518 

•75547 

.61497 

.78855 

.62864 

.77769 

.64212 

.76661 

.65540 

•75528 

.61520 

•78837 

.62887 

•77751 

•64234 

.76642 

.65562 

•75509 

•61543 

.78819 

.62909 

•77733 

.64256 

.76623 

•65584 

•75490 

.61566 

.78801 

.62932 

.77715 

•64279 

.76604 

.65606 

•75471 

Cosine 

Sine 

Cosine 

Sine  1 

Cosine  1 

Sine 

Cosine 

Sine 

£ 

1° 

51 

0     1 

50 

0 

49 

0 

NATURAL  SINES 


i6is 


41° 

42° 

]    43° 

44° 

'   Sine 

Cosine 

Sine 

Cosine 

Sine 

1  Cosine 

Sine 

Cosine 

f 

o   .65606 

•75471 

•66913 

•74314 

.68200 

.73135 

.69466 

•71934 

60 

1   .65628 

.75452 

•66935 

•74295 

.68221 

.73116 

.69487 

.71914 

59 

2   .65650 

•75433 

.66956 

•74276 

.68242 

.73096 

.69508 

.71894 

58 

3   .65672 

•75414 

.66978 

•74256 

.68264 

•73076 

.69529 

•71873 

57 

4   .65694 

•75395 

.66999 

•74237 

.68285 

•73056 

.69549 

•71853 

56 

5   .65716 

•75375 

.67021 

•74217 

.68306 

•73036 

.69570 

•71833 

55 

6   .65738 

•75356 

•67043 

.74198 

•68327 

.73016 

.69591 

.71813 

54 

7   .65759 

•75337 

.67064 

.74178 

.68349 

.72996 

.69612 

.71792 

53 

8   .65781 

.75318 

.67086 

•7JI59 

.68370 

•72j>76 

•69633 

.71772 

52 

9   .65803 

•75299 

.67107 

•74139 

.68391 

•72957 

.69654 

•71752 

51 

0   .65825 

.75280 

.67129 

'74120 

.68412 

•72937 

.69675 

•71732 

5o 

1   .65847 

.75261 

.67151 

.74100 

.68434 

.72917 

.69696 

.71711 

49 

2   .65869 

•75241 

.67172 

.74080 

•6S455 

•72897 

.69717 

.71691 

48 

3   .65891 

•75222 

.67194 

.74061 

.68476 

•72377 

•69737 

.71671 

47 

4   .65913 

•75203 

.67215 

.74041 

.68497 

•72857 

•69758 

.71650 

46 

5   .65935 

•75184 

.67237 

.74022 

.68518 

.72837 

.69779 

.71630 

45 

>   .65956 

•75165 

.67258 

.74002 

•68539 

.72817 

.69800 

.71610 

44 

7       .65978 

•75146 

.67280 

•73983 

.68561 

•72797 

.69821 

•71590 

43 

I       .66000 

.75126 

.67301 

•73963 

.68582 

.72777 

.69842 

•71569 

42 

)   .66022 

•75io7 

•67323 

•73944 

.68603 

•72757 

.69862 

•71549 

41 

j   .66044 

.75088 

•67344 

•73924 

.68624 

•72737 

.69883 

•71529 

40 

c   .66066 

.75069 

.67366 

•73904 

.68645 

.72717 

.69904 

•71508 

39 

!    .66088 

•75050 

.67387 

.73885 

.68666 

.72697 

•69925 

.71488 

38 

5   .66109 

•75030 

.67409 

.73865 

.68688 

.72677 

.69946 

.71468 

37 

I       .66131 

.75011 

•67430 

.73846 

.68709 

.72657 

.69966 

.71447 

36 

;  .66153 

•74992 

•67452 

.73826 

.68730 

•72637 

.69987 

.71427 

35 

*     .66175 

•74973 

•67473 

.73806 

.68751 

.72617 

.70008 

.71407 

34 

'     .66197 

•74953 

•67495 

.73787 

.68772 

•72597 

.70029 

.71386 

33 

!   .662  iS 

•'4934 

.67516 

.73767 

•68793 

•72577 

.70049 

•71366 

32 

>   .66240 

•74915 

.67538 

•73747 

.68814 

•72557 

.70070 

•71345 

3i 

»   .66262 

.74896 

.67559 

•73728 

.68835 

•72537 

.70091 

•71325 

30 

.66284 

.74876 

.67580 

.737o8 

.68857 

•72517 

.70112 

•71305 

29 

.66306 

•74857 

.67602 

.73688 

.68878 

•72497 

•70132 

.71284 

28 

.66327 

.74838 

•67623 

.73669 

.68899 

•72477 

•70153 

.71264 

27 

.66349 

.74818 

•67645 

•73649 

.68920 

•72457 

.70174 

•71243 

26 

•66371 

•74799 

.67666 

•73629 

.68941 

•72437 

•70195 

.71223 

25 

•66393 

.7478o 

.67688 

.73610 

.68962 

.72417 

.70215 

.71203 

24 

.66414 

•7476o 

.67709 

•73590 

.689S3 

•72397 

.70236 

.71182 

23 

.66436 

•74741 

•67730 

•73570 

.69004 

•72377 

•70257 

.71162 

22 

.66458 

•74722 

.67752 

•73551 

•69025 

•72357 

.70277 

.71141 

21 

.66480 

•74703 

•67773 

•73531 

.69046 

•72337 

.70298 

.71121 

20 

.66501 

.74683 

•67795 

•735" 

.69067 

•72317 

•70319 

.71100 

19 

.66523 

.74664 

.67816 

•73491 

.69088 

•72297 

•70339 

.71080 

18 

•66545 

•74644 

.67837 

•73472 

.69109 

.72277 

.70360 

.71059 

17 

.66^66 

•74625 

.67859 

•73452 

.69130 

•72257 

.70381 

•71039 

16 

.66588 

.74606 

.67880 

•73432 

.69151 

•72236 

.70401 

.71019 

15 

.66610 

.74586 

.67901 

•73413 

.69172 

.72216 

.70422 

.70998 

14 

.66632 

.74567 

.67923 

•73393 

.69193 

.72196 

•70443 

.70978 

13 

•66653 

•74548 

.67944 

•73373 

.69214 

.72176 

•70463 

•70957 

12 

.66675 

•74528 

.67965 

•73353 

•69235 

.72156 

.70484 

•70937 

11 

.66697 

•74509 

.67987 

•73333 

.69256 

.72136 

•70505 

.70916 

10 

.66718 

•74489 

.68008 

•73314 

.69277 

.72116 

•70525 

.70896 

9 

.66740 

•74470 

.68029 

•73294 

.69298 

•72095 

•70546 

.70875 

8 

.66762 

•74451 

.68051 

•73274 

.69319 

•72075 

•70567 

•70855 

7 

.66783 

•74431 

.6S072 

•73254 

.69340 

•72055 

•70587 

•70834 

6 

.66805 

•74412 

.68093 

•73234 

.69361 

•72035 

.70608 

.70813 

5 

.66827 

•74392 

.68115 

•73215 

.69382 

.72015 

.70628 

■70793 

4 

.66848 

•74373 

.68136 

•73195 

•69403 

•71995 

.70649 

•70772 

3 

.66870 

•74353 

.68157 

•73175 

.69424 

.71974 

.70670 

•70752 

2 

.66891 

•74334 

.68179 

•73155 

.69445 

.71954 

.70600 

•70731 

1 

•66913 

•74314 

.68200 

•73135 

.69466 

•71934  1 

.70711 

.70711 

0 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine  1 

Cosine 

Sine 

f 

4S 

II 

47 

0 

46 

0 

45 

0 

i6i6 


GENERAL  TABLES 


Natural  Secants  and  Co-Secants 


0 

a 

1 

0 

2 

0 

3 

1 

/ 

Sec. 

CO-SEC. 

Sec. 

Co-sec. 

Sec. 

Co-sec, 

Sec.  1 

Co-sec. 

o 

Infinite. 

1. 0001 

57-299 

1.0006 

28.654 

1. 00 14 

19.107 

X 

3437-7Q 

1. 000 1 

56.359 

1.0006 

28.417 

1. 0014 

19.002 

2 

1718.90 

1.0002 

S5-45o 

1 .0006 

28.184 

1.0014 

18.897 

3 

1145-90 

1.0002 

54-57o 

1.0006 

27-955 

1. 00 14 

18.794 

4 

859-44 

1.0002 

53-718 

1 .0006 

27-730 

1. 0014 

18.692 

5 

687.5S 

1.0002 

52.891 

1.0007 

27-508 

1.0014 

18.591 

6 

572.96 

1.0002 

52.090 

1.00&7 

27.290 

1.0015 

18.491 

7 

491.11 

1.0002 

5I-3I3 

1.0007 

27.075 

1.0015 

18.393 

8 

429,72 

1.0002 

50.558 

1.0007 

26.864 

1.0015 

18.295 

9 

38i-97 

1 .0002 

49.826 

1.0007 

26.655 

1.0015 

18.198 

IO 

343-77 

1.0002 

49.114 

1.0007 

26.450 

1.0015 

18.103 

II 

312.52 

1 .0002 

48.422 

1.0007 

26.249 

1.0015 

18.008 

12 

286.48 

1.0002 

47-75Q 

1.0007 

26.050 

1.0016 

17.914 

13 

264.44 

1.0002 

47.096 

1.0007 

25-854 

1.0016 

17.821 

14 

245-55 

1 .0002 

46.460 

1.0008 

25.661 

1.0016 

17-730 

IS 

229.18 

1.0002 

45.840 

1.0008 

25-471 

1.0016 

17-639 

16 

214.86 

1.0002 

45-237 

1.0008 

25.284 

1.0016 

17-549 

17 

202.22 

1 .0002 

44-65o 

1 .0008 

25.100 

1. 0016 

17.460 

18 

190.09 

1 .0002 

44.077 

1 .0008 

24.918 

1.0017 

17-372 

19 

180.73 

1.0003 

43-520 

1 .0008 

24-739 

1.0017 

17-285 

20 

171.89 

1.0003 

42.976 

1 .0008 

24.562 

1. 001 7 

17.198 

21 

163.70 

1.0003 

42.445 

1 .0008 

24-358 

1. 001 7 

I7-H3 

22 

156.26 

1 .0003 

41.928 

1.0008 

24.216 

1.0017 

17.028 

23 

149.47 

1 .0003 

41.423 

1  0009 

24.047 

1.0017 

16.944 

24 

143.24 

1 .0003 

40.930 

1.0009 

23.880 

1.0018 

16.861 

25 

137-51 

1.0003 

40.448 

1 .0009 

23.716 

1.0018 

16.779 

26 

132.22 

1 .0003 

39-978 

1 .0009 

23-553 

1.0018 

16.698 

27 

127-32 

1 .0003 

39-5i8 

1.0009 

23-393 

1.0018 

16.617 

28 

122.78 

1 .0003 

39.069 

1 .0009 

23-235 

1.0018 

16.538 

29 

118.54 

1.0003 

38.631 

1 .0009 

23.079 

1. 0018 

16.459 

30 

"4-59 

1.0003 

38.201 

1.0009 

22.925 

1.0019 

16.380 

31 

110.90 

1 .0003 

37.782 

1. 00 10 

22.774 

1.0019 

16.303 

32 

107-43 

1 .0003 

37-371 

1. 00 10 

22.624 

1.0019 

16.226 

33 

104.17 

1 .0004 

36.969 

1. 0010 

22.476 

1.0019 

16.150 

34 

IOI.II 

1 .0004 

36-576 

1. 0010 

22.330 

1.0019 

16.075 

35 

98.223 

1 .0004 

36.191 

1. 00 10 

22.186 

1.0019 

16.000 

36 

95.495 

1 .0004 

35-8i4 

1. 00 10 

22.044 

1.0020 

15-926 

37 

92.914 

1 .0004 

35-445 

1. 00 10 

21.904 

1.0020 

15-853 

38 

1. 000 1 

92.469 

1 .0004 

35-o84 

1. 00 10 

21.765 

1.0020 

15-780 

39 

1. 000 1 

88.149 

1 .0004 

34-729 

1. 001 1 

21.629 

1.0020 

I5-708 

40 

1. 000 1 

85.946 

1 .0004 

34-382 

1. 001 1 

21.494 

1.0020 

I5-637 

41 

1. 000 1 

83.849 

1 .0004 

34.042 

1. 001 1 

21.360 

1. 002 1 

15-566 

43 

1. 000 1 

81.853 

1 .0004 

33-7o8 

1. 001 1 

21.228 

1. 002 1 

15.496 

43 

1. 000 1 

79-950 

1 .0004 

33-38i 

1. 001 1 

21.098 

1. 002 1 

15-427 

44 

1. 000 1 

78.133 

1 .0004 

33.060 

I.OOII 

20.970 

1. 002 1 

15-358 

45 

1. 000 1 

76.396 

1.0005 

32.745 

I.OOII 

20.843 

1. 002 1 

15290 

46 

1. 000 1 

74-736 

1.0005 

32-437 

I.OOI2 

20.717 

1.0022 

15.222 

47 

1. 000 1 

73-I46 

1 .0005 

32.134 

I. OOI2 

20.593 

1.0022 

15-155 

48 

1. 000 1 

71.622 

1.0005 

31-836 

I.OOI2 

20.471 

1.0022 

15-089 

49 

1. 000 1 

71.160 

1.0005 

31-544 

I.OOI2 

20.350 

1.0022 

15-023 

5° 

1. 0001 

68.757 

1.0005 

31-257 

I. OOI2 

20.230 

1.0022 

14.958 

51 

1. 0001 

67.409 

1.0005 

30.976 

I.OOI2 

20.112 

1.0023 

14.893 

52 

1. 000 1 

66.113 

1.0005 

30.699 

I.OOI2 

19-995 

1.0023 

14.829 

53 

1. 000 1 

64.866 

1 .0005 

30.428 

I. OOI3 

19.880 

1.0023 

I4-765 

54 

1. 000 1 

63.664 

1.0005 

30.161 

I.OOI3 

19.766 

1.0023 

14.702 

55 

1. 000 1 

62.507 

1 .0005 

29.899 

I.OOI3 

I9-653 

1.0023 

14.640 

56 

1. 000 1 

61.391 

1.0006 

29.641 

I.OOI3 

19-541 

1.0024 

14-578 

57 

1. 000 1 

61.314 

1 .0006 

29.388 

I.OOI3 

19-431 

1.0024 

I4-SI7 

58 

1. 000 1 

59-274 

1.0006 

29-139 

I.OOI3 

19-322 

1.0024 

14-456 

59 

1. 000 1 

58.270 

1 .0006 

28.894 

I.OOI3 

19.214 

1.0024 

14-395 

60 

1. 000 1 

57-299 

1 .0006 

28.654 

I.OOI4 

19.107 

1.0024 

14-335 

0 

Co-sec.  1 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec.  1 

Sec. 

8! 

r 

81 

S° 

8 

7° 

8( 

)° 

NATURAL 
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4° 
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Sec. 
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Sec. 
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Sec. 
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Sec. 
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/ 

1.0024 

14-335 

1.0038 

11.474 

1.0055 

9.5668 

1.0075 

8.2055 

60 

1.0025 

14.276 

1 .0038 

11-436 

1.0055 

9.5404 

1.0075 

8.1861 

59 

1.0025 

14.217 

1.0039 

11.398 

1.0056 

9-5i4i 

1.0076 

8.1668 

58 

1.0025 

14-159 

1.0039 

1 1 .360 

1.0056 

9.4880 

1.0076 

8.1476 

57 

1.0025 

14.101 

1.0039 

11.323 

1.0056 

9.4620 

1.0076 

8.1285 

56 

1.0025 

14.043 

1.0039 

11.286 

1.0057 

9.4362 

1.0077 

8.1094 

55 

1.0026 

I3-986 

1.0040 

11.249 

1.0057 

9.4105 

1.0077 

8.0905 

54 

1.0026 

I3-930 

1.0040 

11.213 

1.0057 

9-3850 

1.0078 

8.0717 

53 

1.0026 

I3-874 

1.0040 

11. 176 

1.0057 

9-3596 

1.0078 

8.0529 

52 

1.0026 

13.818 

1.0040 

11. 140 

1.0058 

9-3343 

1.0078 

8.0342 

51 

1.0026 

I3-763 

1. 0041 

11. 104 

1.0058 

9.3092 

'  1.0079 

8.0156 

50 

1.0027 

I3-708 

1. 004 1 

1 1 .069 

1.0058 

9.2842 

1.0079 

7.9971 

49 

1.0027 

I3-654 

1. 004 1 

11-033 

1.0059 

9-2593 

1.0079 

7-9787 

48 

1.0027 

13.600 

1. 0041 

10.988 

1.0059 

9.2346 

1 .0080 

7.9604 

47 

1.0027 

13-547 

1.0042 

10.963 

1.0059 

9.2100 

1 .0080 

7.9421 

46 

1.0027 

13-494 

1.0042 

10.929 

1.0060 

9-i855 

1.0080 

7.9240 

45 

1.0028 

13-441 

1 .0042 

10.894 

1 .0060 

9.1612 

1.00S1 

7-9059 

44 

1.0028 

13-389 

1.0043 

10.860 

1.0060 

9-I370 

1. 0081 

7.8879 

43 

1.0028 

13-337 

1.0043 

10.826 

1. 006 1 

9.1129 

1.0082 

7.8700 

42 

1.0028 

13.286 

1.0043 

10.792 

1. 0061 

9.0S90 

1.0082 

7-8522 

41 

1.0029 

13-235 

1.0043 

10.758 

1. 006 1 

9.0651 

1.0082 

7-8344 

40 

1.0029 

13.184 

1.0044 

10.725 

1 .0062 

9.0414 

1 .0083 

7.8168 

39 

1.0029 

13  134 

1.0044 

10.692 

1  0062 

9.0179 

1.0083 

7.7992 

33 

1.0029 

13.084 

1 .0044 

10.659 

1.0062 

8-9944 

1.0084 

7.7817 

37 

1.0029 

I3-034 

1 .0044 

10.626 

1.0063 

8.9711 

1.0084 

7.7642 

36 

1.0030 

12.985 

1.0045 

10.593 

1 .0063 

8-9479 

1.0084 

7.7469 

35 

1.0030 

12-937 

1.0045 

10.561 

1.0063 

8.9248 

1.0085 

7.7296 

34 

1.0030 

12.888 

1.0045 

10.529 

1.0064 

8.9018 

1.0085 

7.7124 

33 

1.0030 

12.840 

1.0046 

10.497 

1.0064 

8.8790 

1.0085 

7-6953 

32 

1. 003 1 

12.793 

1.0046 

10.465 

1.0064 

8.8563 

1.0086 

7-6783 

31 

1.0031 

12-745 

1.0046 

10.433 

1.0065 

8.8337 

1.0086 

7-6613 

30 

1. 0031 

12.698 

1 .0046 

10.402 

1.0065 

8.8112 

1.0087 

7.6444 

29 

1. 003 1 

12.652 

1.0047 

10.371 

1.0065 

8.7S88 

1.0087 

7.6276 

28 

1.0032 

12.606 

1.0047 

10.340 

1.0066 

8.7665 

1.0087 

7.6108 

27 

1.0032 

12.560 

1.0047 

10.309 

1 .0066 

8.7444 

1.0088 

7-5942 

26 

1.0032 

12.514 

1 .00  4S 

10.278 

1.0066 

8.7223 

1.0088 

7-5776 

25 

1.0032 

12.469 

1 .0048 

10.248 

1 .0067 

8.7004 

1.0089 

7-56ii 

24 

1.0032 

12.424 

1 .0048 

10.217 

1.0067 

8.6786 

1 .0089 

7-5446 

23 

1.0033 

12.379 

1.0048 

10.187 

1.0067 

8.6569 

1.0089 

7-5282 

22 

1-0033 

12.335 

1.0049 

10.157 

1.0068 

8.6353 

1 .0090 

7-5ii9 

21 

1.0033 

12.291 

1 .0049 

10.127 

1.0068 

8.6138 

1  "0090 

7-4957 

20 

1.0033 

12.248 

1 .0049 

10.098 

1.0068 

8.5924 

1.0090 

7-4795 

19 

1.0034 

12.204 

1.0050 

10.068 

1.0069 

8.5711 

1. 009 1 

7-4634 

18 

1.0034 

12. 161 

1.0050 

10.039 

1 .0069 

8.5499 

1. 009 1 

7-4474 

17 

1.0034 

12. 118 

1.0050 

10.010 

1.0069 

8.5289 

1.0092 

7-4315 

16 

1.0034 

12.076 

1.0050 

9.9812 

1.0070 

8.5079 

1 .0092 

7-4I56 

15 

1-0035 

12.034 

1.0051 

9-9525 

1.0070 

8.4871 

1.0092 

7-3998 

14 

1-0035 

11.992 

1. 005 1 

9.9239 

1.0070 

8.4663 

1.0093 

7.3840 

13 

1-0035 

11.950 

1.0051 

9-8955 

1. 0071 

8-4457 

1.0093 

7-3683 

12 

1-0035 

11.909 

1.0052 

9.8672 

1.0071 

8.4251 

1 .0094 

7-3527 

11 

1.0036 

11.868 

1.0052 

9.8391 

1. 007 1 

8.4046 

1.0094 

7-3373 

10 

1.0036 

11.828 

1.0052 

9.8112 

1.0072 

8.3843 

1 .0094 

7-3217 

9 

1.0036 

11.787 

1-0053 

9-7834 

1.0072 

8.3640 

1.0095 

7-3063 

8 

1.0036 

H.747 

1.0053 

9-7558 

1.0073 

8-3439 

1.0095 

7.2909 

7 

1.0037 

I1.707 

I.0053 

9.7283 

1.0073 

8.3238 

1 .0096 

7-2757 

6 

1.0037 

11.668 

1-0053 

9.7010 

1 -0073 

8.3039 

1 .0096 

7.2604 

5 

1.0037 

11.628 

I.0054 

9-6739 

1.0074 

8.2840 

1.0097 

7-2453 

4 

1.0037 

11.589 

I -0054 

9.6469 

1.0074 

8.2642 

1.0097 

7-2302 

3 

1.0038 

H-550 

1.0054 

9.6200 

1.0074 

8.2446 

1 .0097 

7-2152 

a 

1.0038 

11. 512 

1-0055 

9-5933 

1.0075 

8.2250 

1 .0098 

7.2002 

I 

1 .0038 

11.474 

1.0055 

9.5668 

1.0075 

8.2055 

1 .0098 

7.1853 

O 
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1.0098 

7-1853 

1.0125 

6.3924 

1.0154 

5.7588 

1.0187 

5.2408 

1.0099 

7.1704 

1.0125 

6.3807 

1.0155 

5-7493 

1.0188 

5.2330 

1.0099 

7-1557 

1.0125 

6.3690 

I-OI55 

5-7398 

1.0188 

5.2252 

1.0099 

7.1409 

1.0126 

6-3574 

1.0156 

5-7304 

1.0189 

5.2174 

1. 0100 

7.1263 

1.0126 

6.3458 

I.0156 

5.7210 

1.0189 

5-2C97 

1. 0100 

7.1117 

1.0127 

6-3343 

1.0157 

5-7II7 

1.0190 

5-20iy 

I.OIOI 

7.0972 

1.0127 

6.3228 

1.0157 

5-7023 

1.0191 

5.1942 

I.OIOI 

7.0827 

1.0128 

6.3113 

1.0158 

5-6930 

1.0191 

5-i865 

1.0102 

7.0683 

1.0128 

6.2999 

1.0158 

5.6838 

1.0192 

5-1788 

1.0102 

7-0539 

1.0129 

6.2885 

1.0159 

5.6745 

1.0192 

5-I7I2 

1.0102 

7.0396 

1.0129 

6.2772 

1.0159 

5-6653 

1-0193 

5-1636 

1.0103 

7.0254 

1.0130 

6.2659 

1.0160 

5-6561 

1-0193 

5-l56o 

1. 0103 

7.0112 

1.0130 

6.2546 

1.0160 

5.6470 

1.0194 

5.1484 

1.0104 

6.9971 

1.0131 

6.2434 

1.0161 

5-6379 

1.0195 

5.1409 

1. 0104 

6.9830 

1.0131 

6.2322 

1.0162 

5.6288 

1.0195 

5-1333 

1.0104 

6.9690 

1.0132 

6.2211 

1.0162 

5-6i97 

1,0196 

5-1258 

1. 0105 

6-955Q 

1.0132 

6.2100 

1-  163 

5-6107 

1.0196 

5-ii83 

1.010s 

6.941 1 

1-0133 

6.1990 

1.0163 

5-6017 

1.0197 

5-1109 

1. 0106 

6.9273 

1.0133 

6.1880 

1. 0164 

5-5928 

1.0198 

5-1034 

1.0106 

6.9135 

1.0134 

6.1770 

1.0164 

5-5838 

1.019S 

5.0960 

1.0107 

6.8998 

1.0134 

6.1661 

1.0165 

5-5749 

1.0190 

5.0886 

1.0107 

6.8861 

I-OI35 

6.1552 

1.0165 

5-566o 

1.0199 

5.0812 

1.0107 

6.8725 

I-OI35 

6.1443 

1.0166 

5-5572 

1.0200 

5-0739 

1.0108 

6.8589 

1. 01 36 

6.1335 

1.0166 

5-5484 

1. 020 1 

5.0666 

1.0108 

6.8454 

1.0136 

6.1227 

1.0167 

5-5396 

1. 0201 

5-' 593 

1.0109 

6.8320 

1.0136 

6.1120 

1.0167 

5o3o8 

1.0202 

5-0520 

1. 0109 

6.8185 

1.0137 

6.1013 

1.0168 

5-5221 

1.0202 

5-0447 

I.OIIO 

6.8052 

1.0137 

6.0906 

1.0169 

5-5134 

1.0203 

5  0375 

1.0110 

6.7919 

1. 01 38 

6.0800 

1. 0169 

5-5047 

1 .0204 

5-0302 

I.OIII 

6.7787 

1.0138 

6.0694 

1.0170 

5-4960 

1.0204 

5.0230 

I.OIII 

6.7655 

1.0139 

6.0588 

1.0170 

5-4874 

1.0205 

5.0158 

I.OIII 

6.7523 

1.0139 

6.0483 

1.0171 

5.4788 

1.0205 

5-0087 

I.OII2 

6.7392 

1.0140 

6.0379 

1.0171 

5-4702 

1.0206 

5-0015 

I.OII2 

6.7262 

1. 0140 

6.0274 

1. 01 72 

5-4617 

1.0207 

4.9944 

I.OII3 

6.7132 

1.0141 

6.0170 

1.0172 

5-4532 

1.0207 

4-9873 

I.OII3 

6.7003 

1.0141 

6.0066 

1.0173 

5-4447 

1.0208 

4.9802 

I.OII4 

6.6874 

1.0142 

5-9963 

1.0174 

5-4362 

1.0208 

4-9732 

I.OII4 

6.6745 

1.0142 

5.9860 

1.0174 

5-42  78 

1. 0209 

4.9661 

I.OII5 

6.6617 

1.0143 

5-9758 

1.0175 

5-4IQ4 

1. 02 10 

4-9591 

i.oiis 

6.6490 

1.0143 

5-9655 

1.0175 

5-4i  10 

1.02 10 

4-9521 

1.0115 

6.6363 

1.0144 

5-9554 

1. 01 76 

5-4026 

1.0211 

4-9452 

1.0116 

6.6237 

1. 0144 

5-9452 

1.0176 

5-3943 

1.0211 

4.9382 

1.0116 

6.6111 

1. 0145 

5-9351 

1.0177 

5.3860 

I.C2I2 

4-9313 

1.0117 

6.5985 

1.0145 

5-9250 

1.0177 

5-3777 

I.O213 

4.9243 

1.0117 

6.5860 

1. 0146 

5-9i5o 

1. 01 78 

5-3605 

I.02I3 

4-9175 

1.0118 

6.5736 

1. 0146 

5.9049 

1. 01 79 

5-36i2 

I.02I4 

4.9106 

1.0118 

6.5612 

1.0147 

5-8950 

1.0179 

5-353$ 

I.02I5 

4-9037 

1.0119 

6.5488 

1.0147 

5-8850 

1.0180 

5  3449 

I.02I5 

4.8969 

1.0119 

6.5365 

1. 0148 

5-8751 

1.0180 

5-3367 

I.02l6 

4.8901 

1.0119 

6.5243 

1. 0148 

5-8652 

1.0181 

5-3286 

I.02  16 

4-S833 

I.0I20 

6.5121 

1. 0149 

5-8554 

1.0181 

5-3205 

I.02I7 

4.S765 

I.OI20 

6.4999 

1.0150 

5-8456 

1.0182 

5-3124 

I.02l8 

4.8697 

I.OI2I 

6.4878 

1.0150 

5-8358 

1.0182 

5-3044 

I.02l8 

4.8630 

I.OI2I 

6-4757 

1.0151 

5.8261 

1.0183 

5-2963 

I.02I9 

4-8563 

I.OI22 

6.4637 

1.0151 

5-8163 

1.0184 

5.2883 

1.0220 

4.8496 

I.OI22 

6.4517 

1.0152 

5-8067 

1.0184 

5-2803 

I.0220 

4.8429 

I.OI23 

6.4398 

1.0152 

5-797Q 

1.0185 

5-2724 

1. 022 1 

4-8362 

I.OI23 

6.4279 

I-OI53 

5.7874 

1.0185 

5-2645 

J.022I 

4.8296 

I.OI24 

6.4160 

1.0153 

5-7778 

1. 0186 

5-2566 

1.02  22 

4.8229 

I.OI24 

6.4042 

1.0154 

5-7683 

1.0186 

5.2487 

I.0223 

4-Si63 

I.OI25 

6.3924 

1.0154 

5-7588 

1.0187 

5-2408 

I.0223 

4.8097 
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12° 

13° 

14° 

15° 

*        Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

CO-SEC. 

i 

0   1.0223 

4.8097 

1.0263 

4-4454 

1.0306 

4-1336 

1  -0353 

3-8637 

60 

1   1.0224 

4.8032 

1.0264 

4.4398 

1.0307 

4.1287 

1-0353 

3-8595 

59 

2   1.0225 

4.7966 

1.0264 

4-4342 

1.0308 

4-1239 

I-0354 

3-8553 

58 

3   1.0225 

4.7901 

1.0265 

4.4287 

1.0308 

4.1191 

I-0355 

3-85I2 

57 

4   1.0226 

4-7835 

1.0266 

4-423I 

1.0309 

4.1144 

1-0356 

3.8470 

56 

5   1.0226 

4.7770 

1.0266 

4.4176 

1. 03 10 

4.1096 

1.0357 

3-8428 

55 

6   1.0227 

4.7706 

1.0267 

4.4121 

1-0311 

4.1048 

I.0358 

3-8387 

54 

7   1.0228 

4.7641 

1.0268 

4.4065 

1-0311 

4.1001 

I.0358 

3-8346 

53 

8   1.0228 

4-7576 

1.0268 

4.401 1 

1.0312 

4-0953 

I-0359 

3-8304 

52 

p   1.0229 

4-7512 

1.0269 

4-3956 

1-0313 

4.0906 

1.0360 

3-8263 

51 

D    I.O23O 

4.7448 

1.0270 

4.3910 

1.03 14 

4-0859 

1. 036 1 

3.8222 

50 

I    I.O23O 

4-7384 

1.0271 

4-3847 

1-0314 

4.0812 

I.0362 

3.8181 

49 

2    I.O23I 

4-7320 

1.0271 

4-3792 

1-0315 

4.0765 

1.0362 

3-8140 

48 

}    I.O232 

4-7257 

•  1.0272 

4-3738 

1. 03 16 

4.0718 

1.0363 

3.8100 

47 

I         I.O232 

4-7193 

1.0273 

4.3684 

1-0317 

4.0672 

1.0364 

3-8059 

46 

5   1-0233 

4-7130 

1.0273 

4-3630 

1-0317 

4.0625 

1-0365 

3.8018 

45 

3   1.0234 

4.7067 

1.0274 

4-3576 

1. 03 18 

4-0579 

1.0366 

3-7978 

44 

7       1.0234 

4.7004 

1.0275 

4-3522 

1-0319 

4-0532 

1.0367 

3-7937 

43 

*   1.0235 

4.6942 

1.0276 

4.3469 

1.0320 

4.0486 

7.0367 

3-7897 

42 

)   1-0235 

4.6879 

1.0276 

4-3415 

1.0320 

4.0440 

1.0368 

3.7857 

41 

>   1.0236 

4.6817 

1.0277 

4-3362 

1.0321 

4.0394 

1.0369 

3-7816 

40 

1.0237 

4-6754 

1.0278 

4-3309 

1.0322 

4.0348 

1.0370 

3.7776 

39 

1   1-0237 

4.6692 

1.0278 

4-3256 

1.0323 

4.0302 

I-037I 

3-7736 

38 

1.0238 

4.6631 

1.0279 

4-3203 

1.0323 

4.0256 

I-037I 

3.7697 

37 

I   1.0239 

4.6569 

1.0280 

4-3I50 

1.0324 

4.02 1 1 

1-0372 

3-7657 

36 

;   1.0239 

4.6507 

1.0280 

4.3098 

1-0325 

4.0165 

1 -0373 

3.7617 

3S 

1   1.0240 

4.6446 

1.0281 

4-3045 

1.0326 

4.0120 

1 -03  74 

3-7577 

34 

1.0241 

4-6385 

1.0282 

4-2993 

1-0327 

4.0074 

1 -03  75 

3.7538 

33 

1. 0241 

4.6324 

1.0283 

4.2941 

1.0327 

4.0029 

1-0376 

3.7498 

32 

1   1.0242 

4.6263 

1.0283 

4.2888 

1.0328 

3.9984 

1.0376 

3-7459 

3* 

1.0243 

4.6202 

1.0284 

4-2836 

1.0329 

3-9939 

1.0377 

3.7420 

30 

1.0243 

4.6142 

1.0285 

4-2785 

1.0330 

3.9894 

1.0378 

3-738o 

29 

1.0244 

4.6081 

1.0285 

4-2733 

1-0330 

3-9850 

1 -03  79 

3-7341 

28 

1.0245 

4.6021 

1.0286 

4.2681 

1-0331 

3-9805 

1.0380 

3-73Q2 

27 

1.0245 

4.5961 

1.0287 

4.2630 

1.0332 

3.9760 

1.0381 

3-7263 

26 

1.0246 

4.5901 

1.0288 

4-2579 

1-0333 

3.9716 

1.0382 

3.7224 

25 

1.0247 

4.5841 

1.0288 

4-2527 

1 -0334 

3.9672 

1.0382 

3-7i86 

24 

1.0247 

4.5782 

1.0289 

4.2476 

1 -0334 

3.9627 

1-0383 

3'7i47 

23 

1.0248 

4.5722 

1.0200 

4.2425 

1 -0335 

3-9583 

1.0384 

3.7108 

22 

1.0249 

4-5663 

1. 0291 

4-2375 

1.0336 

3-9539 

1.0385 

3.7070 

21 

1.0249 

4.5604 

1.0291 

4.2324 

I-0337 

3-9495 

1.0386 

3-703I 

20 

1.0250 

4-5545 

1.0202 

4-2273 

1.0338 

3-9451 

I.0387 

3-6993 

19 

1-0251 

4.5486 

1.0293 

4.2223 

1-0338 

3.9408 

1.0387 

3-6955 

18 

1.0251 

4.5428 

1.0293 

4-2173 

1 -Q339 

3-9364 

1.0388 

3.6917 

17 

1.0252 

4-5369 

1.0294 

4.2122 

1.0340 

3.9320 

1.0389 

3-6878 

:6 

1.0253 

4-53H 

1.0295 

4.2072 

1-0341 

3.9277 

1.0390 

3.6840 

15 

1-0253 

4-5253 

1.0296 

4.2022 

1-0341 

3-9234 

1-0391 

3.6802 

14 

1.0254 

4-5195 

1.0296 

4.1972 

1.0342 

3-9199 

1.0392 

3-6765 

13 

1 -0255 

4-5137 

1.0297 

4-I923 

1 -Q343 

3-9147 

1 -0393 

3.6727 

12 

1-0255 

4-5079 

1.0298 

4-1873 

1.0344 

3.9104 

1 -0393 

3.6689 

it 

1.0256 

4.5021 

1.0299 

4.1824 

1 -0345 

3.9061 

1.0394 

3-6651 

10 

1.0257 

4.4964 

1.0299 

4-1774 

1 -Q345 

3.9018 

I-0395 

3.6614 

9 

1.0257 

4.4907 

1.0300 

4-1725 

1.0346 

3.8976 

1.0396 

3-6576 

8 

1.0258 

4.4850 

1.0301 

4.1676 

1 -0347 

3-8933 

I-0397 

3-6539 

7 

1.0259 

4-4793 

1.0302 

4.1627 

1.0348 

3.8990 

1.0398 

3.6502 

6 

1.0260 

4.4736 

1.0302 

4-I578 

1.0349 

3.8848 

1.0399 

3.6464 

5 

1.0260 

4.4679 

1.0303 

4-I529 

1.0349 

3-8805 

1.0399 

3.6427 

4 

1.0261 

4.4623 

1.0304 

4.1481 

1.0350 

3-8763 

1 .0400 

3.6390 

3 

1.0262 

4.4566 

1.0305 

4-1432 

1-0351 

3-8721 

1. 040 1 

3-6353 

2 

1.0262 

4.4510 

1-0305 

4.1384 

1.0352 

3-8679 

1.0402 

36316 

i 

1.0263 

4-4454 

1.0306 

4-I336 

I-Q353 

3-8637 

1.0403 

3.6279 

0 
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16° 

17° 

18° 

/ 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

o 

1.0403 

3.6279 

1 -045  7 

3-4203 

1-0515 

3-2361 

I 

1 .0404 

3-6243 

1.0458 

3-4170 

1. 05 16 

3-2332 

2 

1-0405 

3.6206 

1.0459 

3-4138 

1-0517 

3-2303 

3 

1.0406 

3.6169 

1.0460 

3.4106 

1.0518 

3.2274 

4 

1 .0406 

3-6i33 

1. 0461 

3-4073 

1.0519 

3-2245 

S 

1.0407 

5.6096 

1. 046 1 

3.4041 

1.0520 

3.2216 

6 

1 .0408 

3.6060 

1.0462 

3.4009 

1.0521 

3.2188 

7 

1 .0409 

3.6024 

1.0463 

3-3977 

1.0522 

3-2159 

8 

1.0410 

3-5987 

1.0464 

3-3945 

1.0523 

3-2i3i 

9 

1. 041 1 

3-5951 

1.0465 

3-3913 

1.0524 

3.2102 

IO 

1.0412 

3-5915 

1 .0466 

3-3881 

1.0525 

3 -2074 

ii 

1.0413 

3-5879 

1.0467 

3-3849 

1.0526 

3-2045 

12 

1. 0413 

3-5843 

1.0468 

3-38I7 

1.0527 

3.2017 

13 

1.0414 

3-5807 

1.0469 

3-3785 

1.0528 

3.1989 

14 

1. 041 5 

3-5772 

1.0470 

3-3754 

1.0529 

3.1960 

15 

1. 0416 

3-5736 

1. 0471 

3-3722 

1-0530 

3-1932 

16 

1. 041 7 

3-57oo 

1.0472 

3.3690 

1-0531 

3.1004 

17 

1.0418 

3-5665 

1 -0473 

3-3659 

1.0532 

3.1876 

iS 

1. 0419 

3-5629 

1.0474 

3-3627 

I-Q533 

3-1848 

19 

1.0420 

3-5594 

I-Q475 

3-3596 

I-0534 

3.1820 

20 

1.0420 

3-5559 

1.0476 

3-3565 

I-Q535 

3-1792 

21 

1.0421 

3-5523 

1.0477 

3-3534 

1.0536 

3-I764 

22 

1.0422 

3-5488 

1.0478 

3-35Q2 

1-0537 

3-I736 

23 

1.0423 

3-5453 

1.0478 

3-3471 

1-0538 

3.1708 

24 

1.0424 

3-54i8 

1.0479 

3 -3440 

i-o539 

3.1681 

25 

1.0425 

3-5383 

1.0480 

3-3409 

1.0540 

3-1653 

26 

1.0426 

3-5348 

1. 048 1 

3-3378 

1. 0541 

3-1625 

27 

1.0427 

3-5313 

1.0482 

3-3347 

1.0542 

3-I598 

28 

1.0428 

3-5279 

1.0483 

3-33i6 

1-0543 

3-i57o 

29 

1.0428 

3-5244 

1.0484 

3-3286 

1.0544 

3-1543 

30 

1.0429 

3-5209 

1.0485 

3-3255 

1 -0545 

3-I5I5 

31 

1-0430 

3-5175 

T.0486 

3-3224 

1.0546 

3.1488 

32 

1. 043 1 

3-5I40 

1.0487 

3-3194 

1 -0547 

3-i46i 

33 

1.0432 

3-5io6 

1.0488 

3-3163 

1.0548 

3-1433 

34 

1 -0433 

3-5072 

1.0489 

3-3133 

1.0549 

3.1406 

35 

1.C434 

3-5037 

1.0490 

3.3102 

1-0550 

3-1379 

36 

1.0435 

3-5003 

1. 0491 

3-3072 

i-o55i 

3-1352 

37 

1.0436 

3.4969 

1.0492 

3-3042 

1.0552 

3-I325 

38 

1 -043  7 

3-4935 

1.0493 

3-3oii 

1-0553 

3.1298 

39 

1.0438 

3.4901 

1.0494 

3.2981 

1 -0554 

3-1271 

40 

1.0438 

3.4867 

1.0495 

3-2951 

1.0555 

3.1244 

41 

I.0439 

3.4833 

1 .0496 

3-2921 

1.0556 

3.1217 

42 

1.0440 

3-4799 

1.0497 

3-2891 

I-0557 

3-1190 

43 

1. 0441 

3.4766 

1.0498 

3.2861 

1.0558 

3.1163 

44 

1.0442 

3-4732 

1.0499 

3-2831 

I-0559 

3-H37 

45 

1.0443 

3.4698 

1.0500 

3.2801 

1.0560 

3.1110 

46 

1.0444 

3-4665 

1.0501 

3.2772 

1. 0561 

3-1083 

47 

1.0445 

3-4632 

1.0502 

3.2742 

1.0562 

3-1057 

48 

1.0446 

3-4598 

1-0503 

3.2712 

1.0563 

3-1030 

49 

1.0447 

3-4S65 

1.0504 

3.2683 

1.0565 

3.1004 

50 

1 .0448 

3-4532 

1.0505 

3-2653 

1.0566 

3.0977 

5i 

1.0448 

3.4498 

1.0506 

3.2624 

1.0567 

3-095I 

52 

1.0449 

3-4465 

1.0507 

3-2594 

1.0568 

3-0925 

53 

1.0450 

3-4432 

1.0508 

3-2565 

1.0569 

3.0898 

54 

1. 045 1 

3-4399 

1.0509 

3-2535 

1.0570 

3.0872 

55 

1.0452 

3-4366 

1.0510 

3.2506 

1-0571 

3.0846 

56 

1 -0453 

3-4334 

1.0511 

3-2477 

1.0572 

3.0820 

57 

1.0454 

3-4301 

1.0512 

3.2448 

I-Q573 

3-0793 

58 

1 -0455 

3-4268 

1-0513 

3-24I9 

1  -05  74 

3-0767 

59 

1.0456 

3-4236 

1.0514 

3.2390 

1.0575 

3-074I 

5o 

1 -045  7 

3-4203 

1-0515 

3.2361 

1.0576 

3-07I5 

> 
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1.0576 
I-OS77 
1.0578 
1 -Q579 
1.0580 
1.0581 
1.0582 
1.0584 
1.0585 
1.0586 
1.0587 

1.0588 
1.0589 
1-0590 
1.0591 
1-0592 

1 -0593 
1.0594 

I-Q595 
1.0596 
1.0598 

1.0599 
1.0600 
1. 060 1 
1.0602 
1.0603 
1.0604 
1.0605 
1.0606 
1.0607 
1.0608 

1.0609 
1. 061 1 
1.0612 
1.0613 
1. 0614 
1.0615 
1.0616 
1.0617 
1.0618 
1.0619 

1.0620 
1.0622 
1.0623 
1.0624 
1.0625 
1.0626 
1.0627 
1.0628 
1.0629 
1.0630 

1.0632 
1.0633 
1.0634 
1.0635 
1.0636 
1.0637 
1.0638 
1.0639 

1. 0641 

1 .0642 
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1621 


20° 

21° 

22° 

23° 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

/ 

1.0642 

2.9238 

1.0711 

2.7904 

1.0785 

2.6695 

1.0864 

2-5593 

60 

1.0643 

2.9215 

1-0713 

2.7883 

1.0787 

2.6675 

1.0865 

2-5575 

59 

1 .0644 

2.9191 

1.0714 

2.7862 

1.0788 

2.6656 

1.0866 

2.5558 

58 

1.0645 

2.9168 

1-0715 

2.7841 

1.0789 

2.6637 

1.0868 

2.5540 

57 

1 .0646 

2.9145 

1.0716 

2.7820 

1.0790 

2.6618 

1.0869 

2.5523 

56 

1.0647 

2.9122 

1.0717 

2.7799 

1.0792 

2.6599 

1.0870 

2.5506 

55 

1.0648 

2.9098 

1.0719 

2.7778 

1.0793 

2.6580 

1.0872 

2.5488 

54 

1.0650 

2.9075 

1.0720 

2-7757 

1.0794 

2.6561 

1.0873 

2.5471 

53 

1. 065 1 

2.9052 

1.0721 

2.7736 

I-0795 

2.6542 

1.0874 

2-5453 

52 

1.0652 

2.9029 

1.0722 

2.7715 

1.0797 

2.6523 

1.0876 

2-5436 

51 

1.0653 

2.9006 

1.0723 

2.7694 

1.0798 

2.6504 

1.0877 

2.5419 

50 

1.0654 

2.8983 

1.0725 

2.7674 

1.0799 

2.6485 

1.0878 

2.5402 

49 

1-0655 

2.8960 

1.0726 

2.7653 

1. 080 1 

2.6466 

1.0880 

2.5384 

43 

i.o6=;6 

2.8937 

1.0727 

2.7632 

1.0802 

2.6447 

1. 088 1 

2.5367 

47 

1.0658 

2.8915 

1.0728 

2.7611 

1.0803 

2.6428 

1.0882 

2.5350 

46 

1.0659 

2.8892 

1.0729 

2.7591 

1 .0804 

2.6410 

1.0884 

2-5333 

45 

1 .0660 

2.8869 

1-0731 

2.7570 

1.0806 

2.6391 

1.0885 

2.5316 

44 

1. 066 1 

2.8846 

1.0732 

2.7550 

1.0807 

2.6372 

1.0886 

2.5299 

43 

1.0662 

2.8824 

I-0733 

2.7529 

1.0808 

2-6353 

1.0888 

2.5281 

42 

1.0663 

2.8801 

I-0734 

2.7509 

1. 08 10 

2.6335 

1.0889 

2.5264 

41 

1.0664 

2.8778 

1.0736 

2.7488 

1.0811 

2.6316 

1. 089 1 

2.5247 

40 

1.0666 

2.8756 

I-0737 

2.7468 

1.0812 

2.6297 

1.0892 

2.5230 

39 

1.0667 

2.8733 

1.0738 

2-7447 

1.0813 

2.6279 

1.0893 

2.5213 

38 

1.0668 

2.8711 

I-0739 

2.7427 

1.0815 

2.6260 

1.0895 

2.5196 

37 

1.0669 

2.8688 

1.0740 

2.7406 

1.0816 

2.6242 

1.0896 

2-5179 

36 

1.0670 

2.8666 

1.0742 

2.7386 

1.0817 

2.6223 

1.0897 

2-5163 

3S 

1. 0671 

2.8644 

1 -0743 

2.7366 

1.0819 

2.6205 

1.0899 

2.5146 

34 

1.0673 

2.8621 

1.0744 

2.7346 

1.0820 

2.6186 

1 .0900 

2.5129 

33 

1.0674 

2.8599 

1 -0745 

2.7325 

1.082 1 

2.6168 

1.0902 

2.5112 

32 

1.0675 

2.8577 

1.0747 

2.7305 

1.0823 

2.6150 

1.0903 

2-5095 

3i 

j.0676 

2.8554 

1.0748 

2.7285 

1.0824 

2.6131 

1.0904 

2.5078 

30 

1.0677 

2.8532 

1.0749 

2.7265 

1.0825 

2.6113 

1.0906 

2.5062 

29 

1.0678 

2.8510 

1.0750 

2.7245 

1.0826 

2.6095 

1.0907 

2.5045 

28 

1.0679 

2.8488 

1-0751 

2.7225 

1.0828 

2.6076 

1.0908 

2.5028 

27 

1. 0681 

2.8466 

I-0753 

2.7205 

1.0829 

2.6058 

1. 09 10 

2.5011 

26 

1.0682 

2 .8444 

I-0754 

2.7185 

1.0830 

2.6040 

1. 091 1 

2-4995 

25 

1.0683 

2.8422 

I-0755 

2.7165 

1.0832 

2.6022 

1.0913 

2.4978 

24 

1.0684 

2.8400 

1.0756 

2.7145 

1-0833 

2.6003 

1.0914 

2.4961 

23 

1.06S5 

2.8378 

1.0758 

2.7125 

1-0834 

2.5985 

1.0915 

2-4945 

22 

1.0686 

2.8356 

I-0759 

2.7105 

1.0836 

2.5967 

1.0917 

2.4928 

21 

1.0688 

2.8334 

1.0760 

2.7085 

1.0837 

2.5949 

1.0918 

2.4912 

20 

1.0689 

2.8312 

1. 0761 

2.7065 

1.0838 

2.5931 

1.0920 

2.4895 

19 

1.0690 

2.8290 

1.0763 

2.7045 

1.0840 

2.5913 

1. 092 1 

2.4879 

18 

1. 0691 

2.8269 

1.0764 

2.7026 

1.0841 

2.5895 

1.0922 

2.4862 

17 

1 .0692 

2.8247 

1.0765 

2.7006 

1.0842 

2.5877 

1.0924 

2.4846 

16 

1.0694 

2.8225 

1.0766 

2.6986 

1.0844 

2.5859 

1.0925 

2.4829 

15 

1.0695 

2.8204 

1.0768 

2.6967 

1.0845 

2.5841 

1.0927 

2.4813 

14 

1.0696 

2.8182 

1.0769 

2.6947 

1.0846 

2.5823 

1.0928 

2.4797 

13 

1.0697 

2.8160 

1.0770 

2.6927 

1.0847 

2.5805 

1.0929 

2.4780 

12 

1.0698 

2.8139 

1.0771 

2.6908 

1.0849 

2.5787 

1. 093 1 

2.4764 

II 

1.0699 

2.8117 

I-0773 

2.6888 

1.0850 

2.5770 

1.0932 

2.4748 

IO 

1. 0701 

2.8096 

1.0774 

2.6869 

1.0851 

2.5752 

1.0934 

2.4731 

9 

1.0702 

2.8074 

1-0775 

2.6849 

1.0853 

2.5734 

1-0935 

2.4715 

8 

1.0703 

2.8053 

1.0776 

2.6830 

1.0854 

2.5716 

1.0936 

2.4699 

7 

1.0704 

2.8032 

1.0778 

2.6810 

1.0855 

2.5699 

1.0938 

2.4683 

6 

1.0705 

2.8010 

1.0779 

2.6791 

1.0857 

2.5681 

1.0939 

2.4666 

5 

1.0707 

2.7989 

1.0780 

2.6772 

1.0858 

2.5663 

1. 094 1 

2.4650 

4 

1.0708 

2.7968 

1.0781 

2.6752 

1.0859 

2.5646 

1 .0942 

2.4634 

3 

1.0709 

2.7947 

1.0783 

2.6733 

1. 086 1 

2.5628 

1.0943 

2.4618 

2 

1.0710 

2.7925 

1.0784 

2.6714 

1.0862 

2.5610 

1.0945 

2.4602 

I 

1.0711 

2.7904 

1.0785 

2.6695 

1.0864 

2-5593 

1.0946 

2.4586 

0 
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24° 

25° 

21 

5° 

27° 

t 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec 

o 

1.0946 

2.4586 

1. 1034 

2.3662 

1.1126 

2.2812 

1.1223 

2.2027 

X 

1.0948 

2.4570 

1-1035 

2.3647 
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60 
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1.5242 

1-3456 
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1-3673 
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Sec. 
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CO-SEC. 
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~* 

4< 
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4« 

3° 

4 

7° 

41 

30 
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16 

44° 

44° 
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/ 

Sec. 

Co-sec. 

/ 

/ 

Sec. 

Co-sec. 

/ 

i 

Sec 

Co-sec. 

p 

1.3902 

1-4395 

60 

21 

1-3984 

1-4305 

39 

41 

1.4065 

1. 4221 

I 

1-3905 

I-439I 

59 

22 

1.3988 

1.430 1 

38 

42 

1 .4069 

1.4217 

2 

1.3909 

I-4387 

58 

23 

1.3992 

1.4297 

37 

43 

1-4073 

1.4212 

3 

1-3913 

1.4382 

57 

24 

1.3996 

1.4292 

36 

44 

1  4077 

1.4208 

1 

i-39i7 

1-4378 

56 

25 

1 .4000 

1.42S8 

35 

45 

1. 408 1 

1.4204 

i 

1. 392 1 

1-4374 

55 

26 

1.4004 

1.4284 

34 

46 

1.4085 

1.4200 

i 

1-3925 

1 -43  7o 

54 

27 

1 .4008 

1.4280 

33 

47 

1 .4089 

1.4196 

r 

1.3929 

I-4365 

53 

28 

1. 40 1 2 

1.4276 

32 

48 

1.4093 

1.4192 

^ 

1-3933 

1.4361 

52 

29 

1. 40 16 

1.4271 

31 

49 

1.4097 

1.4188 

.) 

1-3937 

1-4357 

51 

30 

1.4020 

1.4267 

30 

50 

1.4101 

1-4183 

i 

1 -3941 

1-4352 

50 

31 

1.4024 

1.4263 

29 

51 

1-4105 

1-4179 

! 

1-3945 

1.4348 

49 

32 

1.4028 

1.4259 

28 

52 

1. 4109 

i-4i75 

1 

1-3949 

1-4344 

48 

33 

1.4032 

1.4254 

27 

53 

1.4113 

1-4171 

) 

1-3953 

1-4339 

47 

34 

1.4036 

1.4250 

26 

54 

1-4117 

1.4167 

1 

1-3957 

1-4335 

46 

35 

1 .4040 

1.4246 

25 

55 

1. 4122 

1-4163 

i 

I.3960 

I-433I 

45 

36 

1.4044 

1.4242 

24 

56 

1. 4 1 26 

1-4159 

» 

I.3964 

1-4327 

44 

37 

1 .4048 

1.4238 

23 

57 

1-4130 

i-4i54 

' 

1.3968 

1.4322 

43 

38 

1.4052 

1-4233 

22 

58 

1-4134 

1-4150 

1 

I.3972 

i-43i8 

42 

39 

1-4056 

1.4229 

21 

59 

1-4138 

1. 4146 

1 

I.3976 

I.43I4 

41 

40 

1.4060 

1.4225 

20 

60 

1.4142 

1.4142 

' 

I.3980 

1.4310 

40 
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t 

/ 
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f 

/ 
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4, 

3° 

4, 

5° 

4 

5° 

19 
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15 
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Table  op 

Logarithmic  Numbers 

N. 

IOO 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Dil 

000000 

0434 

0868 

1301 

1734 

2166 

2598 

3029 

3461 

3891 

43 

IOI 

4321 

475i 

5181 

5609 

6038 

6466 

6894 

7321 

7748 

8174 

42 

I02 

8600 

9026 

9451 

9876 

*03co 

*o724 

*H47 

*i570 

*i993 

♦2415 

42 

I03 

012837 

3259 

36S0 

4100 

4521 

4940 

536o 

5779 

6197 

6616 

42 

I04 

7033 

745i 

7S68 

8284 

8700 

9116 

9532 

9947  *036i 

*0775 

41 

I05 

021 189 

1603 

2016 

2428 

2841 

3252 

3664 

4075 

4486 

4896 

41 

I06 

5306 

5715 

6125 

6533 

6942 

735o 

7757 

8164 

8571 

8978 

40 

I07 

9384 

9789 

*oi95 

*o6oo 

*ioo4 

*i4o8 

*l8l2 

*22l6 

*26i9 

♦3021 

4c 

I08 

033424 

3S26 

4227 

4628 
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4c 
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8620 
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9414 

9811 
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*0002 
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3S 

N. 
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I 

2 

3 

4 

5 

6 

7 

8 

9 

Di 

434 

43 

87 

130 

174 

217 

260 

3°4 

347 

391 

« 

433 

43 

87 

130 

173 

217 

260 

3°3 

346 

390 

4i 

432 

43 

86 

130 

173 

216 

259 

302 

346 

389 

4; 

43i 

43 

86 

129 

172 

216 

259 

302 

345 

388 

4: 

43° 

43 

86 

129 

172 

215 

258 

301 

344 

387 

4: 

429 

43 

86 

129 

172 

215 

257 

300 

343 

386 

4: 

428 

43 

86 

128 

171 

214 

257 

300 

342 

385 

4 

427 

43 

85 

128 

171 

214 

256 

299 

342 

384 

4 

426 

43 

85 

128 

170 

213 

256 

298 

341 

383 

4 

425 

43 

85 

128 

170 

213 

255 

298 

340 

383 

4 

424 

42 

85 

127 

170 

212 

254 

297 

339 

382 

4 

423 

42 

85 

127 

169 

212 

254 

296 

338 

381 

4 

422 

42 

84 

127 

169 

211 

253 

295 

338 

380 

4 

421 

42 

84 
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168 

211 

253 

295 

337 

379 

4 

420 

42 

84 
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168 

210 

252 

294 

336 

378 

A 

CO 
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42 

84 

126 

168 

210 

251 

293 

335 

377 

A 

< 

a. 
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42 

84 
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251 

293 

334 

376 

A 
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42 

83 
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209 

250 

292 

334 

375 

A 
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42 

83 
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208 
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291 

333 
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42 

83 

125 

166 
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4M 

41 

83 
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248 
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1 

< 
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41 

83 
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1 
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41 

82 

124 
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330 

37i 

0 
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41 

82 
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247 

288 

329 

37o 

H 
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4i 

82 
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246 

287 
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tt 
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41 

82 
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205 

245 

286 
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0 
0 
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41 

82 
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204 

245 

286 

326 
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1 

407 

41 

81 

122 

163 

204 

244 

285 

326 

366 

406 

41 

81 

122 

162 

203 

244 

284 

325 

365 

405 

41 

81 

122 

162 

203 

243 

284 

324 

365 

404 

40 

81 

121 

162 

202 

242 

283 

323 

364 

403 

40 

81 

121 

161 

202 

242 

282 

322 

363 

402 

40 

80 

121 

161 

201 

241 

281 

322 

362 

1 

401 

40 

80 

120 

160 

201 

241 

281 

321 

361 

A 
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40 

80 

120 

160 

200 

240 

280 

320 
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A 
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40 

80 

120 
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200 

239 

279 
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3 
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40 

80 

119 

159 

199 

239 

279 

3i8 

358 

3 

397 

40 

79 

119 

159 

109 

238 

278 

3i8 
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3 

396 

40 

79 

119 

158 

198 

238 

277 

317 

356 

3 

395 

40 

79 

119 

158 

198 

237 

277 

316 

356 

3 

394 

39 

79 

118 

158 

197 

236 

276 

315 

355 

3 
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39 

79 

118 

157 

197 

236 

275 

314 

354 

3 

392 

39 

78 

118 

157 

196 

235 

274 

3H 

353 

3 

391 

39 

78 

117 

156 

196 

235 

274 

313 

352 

3 

390 

39 

78 

117 

156 

195 

234 
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312 
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3 
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39 

78 

117 
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272 

3" 
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39 

78 
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D 
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H 

O 
A 

O 


041393 
5323 
9218 

O53078 
6905 

060698 
445§ 
8l86 

O71882 

5547 
079181 
082785 

6360 

9905 
093422 

Diff. 

387 
386 

385 
384 
383 
382 
381 
380 

379 
378 
377 
376 
375 
374 
373 
372 
371 
37o 

369 
368 

367 
366 

365 
364 
363 
362 
361 
360 

359 
358 
357 
356 
355 
354 
353 
352 
351 
350 

349 
348 
347 

Diff. 


1787 
57H 
9606 

3463 
7286 

1075 
4832 

8557 
2250 

5912 

9543 
3144 
6716 
'0258 

3772 


39 

39 
59 
38 
38 

33 
35 
3S 

38 
38 

33 
3S 
33 
37 
37 
37 
37 
37 

37 
37 
37 
37 
37 
36 

% 
36 
36 

36 

3* 

36 
36 

35 
35 
35 
35 
35 

35 
35 
35 


2182 
6105 

9993 
3846 
7666 
1452 
5206 
8928 
2617 
6276 

9904 

3503 

7071 

*o6n 

4122 


77 
77 
77 
77 

77 

76 
76 

^ 
76 

75 
75 
75 
75 
75 
74 
74 
74 

74 
74 
73 
73 
73 
73 
73 
72 
72 
72 

72 
72 

71 
7i 
71 
71 
71 
70 
70 
70 

70 
70 
69 


2576 

6495 
0380 
4230 
8046 
1829 
558o 
9298 

2985 
6640 

*0266 
3861 
7426 
0963 
4471 


116 
116 
116 
115 
115 
"5 
114 
114 

114 
113 
"3 
"3 
113 
112 
112 
112 
III 
III 

III 

no 
no 
no 
no 
109 
109 
109 
108 
108 

108 
107 
107 
107 
107 
106 
106 
106 
105 
105 

105 

104 
104 


2969 
6885 
0766 

4613 
8426 
2206 
5953 


3352 
7004 

♦0626 
4219 
7781 

'1315 

4820 


155 

154 
154 
154 
153 
153 
152 
152 

152 
151 
151 
150 
150 
150 
149 
149 
148 
148 

148 
147 

146 
146 
146 
145 
145 
144 
144 

144 
143 
143 
142 
142 
142 
141 
141 
140 
140 

140 
139 
139 


3362 
7275 

*"53 
4996 
8805 
2582 
6326 

*oo38 
37i8 
7368 

*0987 
4576 
8136 

*i667 
5169 


194 
193 
193 
192 
192 
191 
191 
190 

190 
189 
189 
1S8 
188 
187 
187 
186 
186 
185 

185 
184 
184 
183 
183 
182 
182 
181 
181 
180 

180 
179 
179 
178 
178 
177 
177 
176 
176 
175 

175 
174 
174 


3755 
7664 

*I538 
5378 
9185 
2958 
6699 

♦0407 
4085 
7731 

*i347 
4934 


*20l8 

55i8 


232 
232 
231 
230 
230 
229 
229 
228 

227 
227 
226 
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225 
224 
224 
223 
223 
222 

221 
221 
220 
220 
219 
218 
218 
217 
217 
216 

215 

215 
214 
214 
213 
212 
212 
211 
211 
210 

209 
209 
208 


4148 
8053 

*I924 

5760 
9563 

3333 
7071 

4451 
8094 

*i707 

5291 

8845 

*2370 

5866 


271 
270 
270 
269 
268 
267 
267 
266 

265 
265 
264 
263 
263 
262 
261 
260 
260 
259 
258 
258 
257 
256 
256 
255 
254 
253 
253 
252 

251 
251 
250 

249 
249 
248 

247 
246 
246 
245 
244 
244 
243 


8 


Diff. 


4540 
8442 

♦2309 
6142 
9942 
3709 
7443 

*"45 
4816 

8457 

*2o67 

5647 

9198 

♦2721 

6215 


8 

310 

309 
308 

307 
306 
306 
305 
304 

303 
302 
302 
301 
300 
299 
298 
298 

297 
296 

295 

294 

294 
293 
292 
291 
290 
290 
289 
288 

287 
286 
286 
285 
284 
2S3 
282 
282 
281 
280 

279 

278 
278 

8 


4932 

8830 
♦2694 

6524 
♦0320 

4083 

7815 

♦1514 

5182 

8819 

♦2426 
6004 
9552 

♦3071 
6562 


348 
347 
347 
346 
345 
344 
343 
342 

341 
340 
339 
338 
338 
337 
336 
335 
334 
333 

332 
33i 
33° 
329 
329 
328 

327 
326 

325 
324 

323 

322 
321 
320 
320 
319 
3i8 
317 
316 

315 

314 
313 
312 
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N. 
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0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Dii 

096910 

7257 

7604 

7951 

8298 

8644 

8990 

9335 

9681 

*0026 

34' 

126 

100371 

0715 

1059 

1403 

1747 

2091 

2434 

2777 

3"9 

3462 

34. 

127 

3804 

4146 

4487 

4828 

5169 

5510 

5851 

6191 

6531 

6871 

34 

128 

7210 

7549 

7888 

8227 

8565 

8903 

9241 

9579 

9916 

*0253 

33; 

129 

I 10590 

0926 

1263 

1599 

1934 

2270 

2605 

2940 

3275 

3609 

33. 

130 

113943 

4277 

461 1 

4944 

5278 

561 1 

5943 

6276 

6608 

6940  1  33: 

131 

7271 

7603 

7934 

'8265 

8595 

8926 

9256 

9586 

9915 

*0245 

33' 

132 

120574 

0903 

1231 

1560 

1888 

2216 

2544 

2871 

3198 

3525 

32: 

133 

3852 

4178 

4504 

4830 

5156 

5481 

5806 

6131 

6456 

6781 

32 

134 

7105 

7429 

7753 

8076 

8399 

8722 

9045 

9368 

9690 

*OOI2 

32. 

135 

130334 

0655 

0977 

1298 

1619 

1939 

2260 

2580 

2900 

3219 

32 

136 

3539 

3858 

4177 

4496 

4814 

5133 

5451 

5769 

6086 

6403 

3* 

137 

6721 

7037 

7354 

7671 

7987 

8303 

8618 

8934 

9249 

9564 

3i' 

138 

9879 

*oi94 

*05o8 

*0822 

*H36 

♦1450 

♦1763 

*2076 

♦2389 

*2702 

3i 

139 

143015 

3327 

3639 

3951 

4263 

4574 

4885 

5196 

5507 

5S18 

3i 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

DiJ 

347 

35 

69 

104 

139 

174 

208 

243 

278 

312 

34 

346 

35 

69 

104 

138 
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208 

242 

277 

311 

34 

345 

35 

69 

104 

138 

173 

207 

242 

276 

311 

34 

344 

34 

69 

103 

138 

172 

206 

241 

275 

310 

34 

343 

34 

69 

103 

137 

172 

206 

240 

274 

309 

34 

342 

34 

68 

103 

137 

171 

205 

239 

274 

308 

34 

34i 

34 

68 

102 

136 

171 

205 

239 

273 

307 

34 

340 

34 

68 

102 

136 

170 

204 

238 

272 

306 

34 

339 

34 

68 

102 

136 

170 

203 

237 

271 

305 

33 

333 

34 

68 

101 

135 

169 

203 

237 

270 

304 

33 

337 

34 

67 

IOI 

135 

169 

202 

236 

270 

303 

33 

336 

34 

67 

10  r 

134 

168 

202 

235 

269 

302 

33 

w 

335 

34 

67 

IOI 

134 

168 

201 

235 

268 

302 

33 
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334 

33 

67 

100 

134 

167 
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234 

267 

301 

33 

U 

333 

33 

67 

100 

133 

167 

200 

233 

266 

300 

33 

< 

332 

33 

66 

100 

133 

166 

199 

232 

266 

299 

33 

a, 

33i 

33 

66 

99 

132 

166 

199 

232 

265 

298 

33 

< 

330 

33 

66 

99 

132 

165 

198 

231 

264 

297 

33 

329 

33 

66 

99 

132 

165 

197 

230 

263 

296 

32 

z 

328 

33 

66 

98 

131 

164 

197 

230 

262 

295 

32 

0 

327 

33 

65 

98 

131 

164 

196 

229 

262 

294 

32 

H 
O 

326 

33 

65 

98 

130 

163 

196 

228 

261 

293 

32 

325 

33 

65 

98 

130 

163 

195 

228 

260 

293 

32 

324 

32 

65 

97 
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162 

194 

227 

259 

292 

32 

323 

32 

65 

97 
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162 

194 

226 

258 

291 

32 

O 

322 

32 

64 

97 
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161 

193 

225 

258 

290 

32 

Pi 

321 

32 

64 

96 

128 

161 

193 

225 

257 

289 

32 

A 

320 

32 

64 

96 

128 

160 

192 

224 

256 

288 

32 

319 

32 

64 

96 

128 

160 

191 

223 

255 

287 

3i 

3i8 

32 

64 

95 

127 

159 

191 

223 

254 

2S6 

3i 

317 

32 

63 

95 

127 

159 

190 

222 

254 

2S5 

3i 

316 

32 

63 

95 

126 

158 

190 

221 

253 

284 

3i 

315 

32 

63 

95 

126 

158 

189 

221 

252 

284 

3i 

314 

3i 

63 

94 

126 

157 

188 

220 

251 

283 

3i 

313 

3i 

63 

94 

125 

157 

188 

219 

250 

2S2 

3i 

312 

3i 

62 

94 

125 

156 

187 

218 

250 

281 

3i 

3" 

3i 

62 

93 

124 

156 

187 

218 

249 

280 

3i 

310 

31 

62 

93 

124 

155 

186 

217 

248 

279 

3i 

309 

3i 

62 

93 

124 

155 

185 

216 

247 

278 

3° 

308 

31 

62 

92 

123 

154 

185 

216 

246 

277 

30 

307 

3i 

61 

92 

123 

154 

184 

215 

246 

276 

30 
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2 

3 

4 

5 

6 

7 

8 
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I 

631 

N. 
140 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

146128 

6438 

6748 

7058 

7367 

7676 

J^5 

8294 

8603 

891 1 

309  ! 

141 

9219 

9527 

9835 

*OI42 

*o449 

*o756 

*io63 

*I370 

♦1676 

*I982 

307 

142 

152288 

2594 

2900 

3205 

35io 

3815 

4120 

4424 

4728 

5032 

305 

143 

5336 

5640 

5943 

6246 

6549 

6852 

7154 

7457 

,.7759 

8061 

303 

144 

8362 

8664 

8965 

9266 

9567 

9868 

*oi68 

♦0469 

^769 

*io68 

301 

M5 

161368 

1667 

1967 

2266 

2564 

2863 

3161 

.  346o 

3758 

4055 

299 

146 

4353 

4650 

4947 

5244 

5541 

5838 

6i34 

6430 

6726 

7022 

297 

147 

7317 

7613 

7908 

8203 

8497 

8792 

9086 

9380 

9674 

9968 

295 

148 

170262 

0555 

0848 

1141 

1434 

1726 

2019 

231 1 

2603 

2895 

293 

'49 

3186 

3478 

3769 

4060 

4351 

4641 

4932 

5222 

5512 

5802 

291 

150 

176091 

6381 

6670 

6959 

7248 

7536 

7825 

8113 

8401 

8689 

289 

151 

8977 

9264 

9552 

9839 

*OI26 

*c>4i3 

*o699 

*og86 

♦1272 

*I558 

287 

152 

181844 

2129 

2415 

2700 

2985 

3270 

3555 

3839 

4123 

4407 

285 

153 

4691 

4975 

5259 

5542 

5825 

6108 

6391 

6674 

6956 

7239 

283 

154 

7521 

7803 

8084 

8366 

8647 

8928 

9209 

9490 

9771 

*005i 

281 

155 

190332 

0612 

0892 

1171 

1451 

1730 

2010 

2289 

2567 

2846 

279 

'5° 

3i25 

3403 

3681 

3959 

4237 

45H 

4792 

5069 

5346 

5623 

278 

=57 

5900 

6176 

6453 

6729 

7005 

7281 

7556 

7832 

8107 

8382 

276 

tfJ 

8657 

8932 

9206 

948i 

9755 

*0029 

♦0303 

^577 

♦0850 

*II24 

274 

^59 

ST. 

1 

201397 

1670 

1943 

2216 

2488 

2761 

3°33 

3305 

3577 

3848 

272 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

306 

3i 

61 

92 

122 

153 

184 

214 

245 

275 

306 

305 

3i 

61 

92 

122 

153 

183 

214 

244 

275 

305 

304 

30 

61 

91 

122 

152 

182 

213 

243 

274 

304 

303 

3° 

61 

91 

121 

152 

182 

212 

242 

273 

303 

302 

30 

60 

91 

121 

151 

181 

211 

242 

272 

302 

301 

3° 

60 

90 

120 

151 

181 

211 

241 

271 

301 

300 

3° 

60 

90 

120 

150 

180 

210 

240 

270 

300 

299 

30 

60 

90 

120 

150 

179 

209 

239 

269 

299 

298 

30 

60 

s9 

119 

149 

179 

209 

238 

268 

298 

297 

30 

59 

89 

119 

149 

178 

208 

238 

267 

297 

296 

30 

59 

89 

118 

148 

178 

207 

237 

266 

296 

295 

3° 

59 

89 

118 

148 

177 

207 

236 

266 

295 

294 

29 

59 

88 

118 

147 

176 

206 

235 

265 

294 

293 

29 

59 

88 

117 

147 

176 

205 

234 

264 

293 

fc 

2g2 

29 

58 

88 

117 

146 

175 

204 

234 

263 

292 

< 

291 

29 

58 

87 

116 

146 

i75 

204 

233 

262 

2gi 

290 

29 

58 

87 

116 

145 

i74 

203 

232 

261 

290 

z 

289 

29 

58 

87 

116 

145 

i73 

202 

231 

260 

2S9 

I  2 

288 

29 

58 

86 

"5 

144 

i73 

202 

230 

259 

288 

1  '—< 

287 

29 

57 

86 

115 

144 

172 

201 

230 

258 

287 

>'  X 

286 

29 

57 

86 

114 

143 

172 

200 

229 

257 

286 

;•  0 

285 

29 

57 

86 

114 

143 

171 

200 

228 

257 

285 

..  x 

284 

28 

57 

85 

114 

142 

170 

199 

227 

256 

284 

\  o 

283 

28 

57 

85 

113 

142 

170 

198 

226 

255 

283 

1  x 

1  Xi 

282 

28 

56 

85 

"3 

141 

169 

197 

226 

254 

282 

281 

28 

56 

84 

112 

141 

169 

197 

225 

253 

281 

3' 
3! 

280 

28 

56 

84 

112 

140 

168 

196 

224 

252 

280 

3' 

279 

28 

56 

84 

112 

140 

167 

195 

223 

251 

279 

3' 

278 

28 

56 

83 

in 

139 

167 

195 

222 

250 

278 

3' 

277 

28 

55 

83 

in 

139 

166 

194 

222 

249 

277 

3: 

276 

28 

55 

83 

no 

138 
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193 

221 

248 

276 

3' 

275 

28 

55 

83 

no 

138 

165 

193 

220 

248 

275 

J1 

? 

274 

27 

55 

82 

no 

137 

164 

192 

219 

247 

274 

273 

27 

55 

82 

109 

137 

164 

191 

218 

246 

273 

272 

27 

54 

82 

109 

136 

163 

190 

218 

245 

272 

271 

27 

54 

81 

108 

136 

163 

190 

217 

244 

271 

Di 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

1 6^ 

,2 

GENERAL  TABLES 

N. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff 

160 

204120 

4391 

4663 

4934 

5204 

5475 

5746 

6016 

6286 

6556 

271 

161 

6826 

7096 

7365 

7634 

7904 

8i73 

8441 

8710 

8979 

9247 

269 

162 

9515 

9783 

*oo5i 

♦0319 

♦0586 

*o853 

*II2I 

♦1388 

♦1654 

♦1921 

267 

163 

212188 

2454 

2720 

2986 

3252 

35i8 

3783 

4049 

43M 

4579 

266 

164 

4844 

5109 

5373 

5638 

5902 

6166 

643O 

6694 

6957 

7221 

264 

165 

217484 

7747 

8010 

8273 

8536 

8798 

9060 

9323 

9585 

9846 

262 

166 

220108 

0370 

0631 

0892 

1 153 

1414 

1675 

1936 

2196 

2456 

261 

167 

2716 

2976 

3236 

3496 

3755 

4015 

4274 

4533 

4792 

5051 

259 

168 

5309 

5568 

5826 

6084 

6342 

6600 

6858 

7ii5 

7372 

7630 

258 

169 

7887 

8144 

8400 

8657 

8913 

9170 

9426 

9682 

9938 

*oi93 

256 

170 

230449 

0704 

0960 

1215 

1470 

1724 

1979 

2234 

2488 

2742 

255 

171 

2996 

3250 

3504 

3757 

401 1 

4264 

4517 

4770 

5023 

5276 

253 

172 

5528 

578i 

6033 

6285 

6537 

6789 

704I 

7292 

7544 

7795 

252 

173 

8046 

8297 

8548 

8799 

9049 

9299 

955° 

9800 

*oo5o 

*03oo 

250 

174 

240549 

0799 

1048 

1297 

1546 

1795 

2044 

2293 

2541 

2790 

249 

175 

243038 

3286 

3534 

3782 

4030 

4277 

4525 

4772 

5019 

5266 

248 

176 

5513 

5759 

6006 

6252 

6499 

6745 

699I 

7237 

7482 

7728 

246 

177 

7973 

8219 

8464 

8709 

8954 

9198 

9443 

9687 

9932 

*oi;6 

245 

178 

250420 

0664 

0908 

"51 

1395 

1638 

1881 

2125 

2368 

2610 

243 

179 

2853 

3096 

3338 

3580 

3822 

4064 

4306 

4548 

4790 

5031 

242 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Difl 

272 

27 

54 

82 

109 

136 

163 

190 

218 

245 

27a 

: 

271 

27 

54 

81 

igS 

136 

163 

190 

217 

244 

271 

270 

27 

54 

81 

108 

135 

162 

189 

216 

243 

27c 

269 

27 

54 

81 

108 

135 

161 

188 

215 

242 

26c 

263 

27 

54 

80 

107 

134 

161 

188 

214 

241 

26i 

- 

267 

27 

53 

80 

107 

134 

160 

187 

214 

240 

26: 

266 

27 

53 

80 

106 

133 

160 

186 
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239 

2&( 

265 

27 

53 

80 

106 

133 

159 

186 

212 

239 

26- 

264 

26 

53 

79 

106 

132 

158 

185 

211 

238 

26* 

ro 

263 

26 

53 

79 

105 

132 

158 

184 

210 

237 

26: 

H 

262 

26 

52 

79 

105 

131 

i57 

183 

210 

236 

26: 

C4 

261 

26 

52 

78 

104 

131 

157 

183 

209 

235 

26: 

< 

<J 
Z 
O 

l-H 

260 

26 

52 

78 

104 

13° 

156 

182 

208 

234 

26c 

259 

26 

52 

78 

104 

130 

155 

181 

207 

233 

25c 

258 

26 

52 

77 

103 

129 

155 

181 

206 

232 

25J 

257 

26 

51 

77 

103 

129 

154 

180 

206 

231 

25; 

256 

26 

51 

77 

102 

128 

154 

179 

205 

230 

25< 

255 

26 

5i 

77 

102 

128 

153 

179 

204 

230 

2£ 

H 

254 

25 

51 

76 

102 

127 

152 

178 

203 

229 

25' 

< 

0 
0 

253 

25 

5i 

76 

IOI 

127 

152 

177 

202 

228 

25: 

• 

252 

25 

50 

76 

IOI 

126 

151 

176 

202 

227 

25: 

; 

251 

25 

50 

75 

100 

126 

151 

176 

201 

226 

25: 

X 

250 

25 

5° 

75 

100 

125 

150 

175 

200 

225 

25< 

ft 

249 

25 

50 

75 

100 

125 

149 

174 

199 

224 

24! 

248 

25 

5° 

74 

99 

124 

149 

174 

198 

223 

24! 

247 

25 

49 

74 

1 

124 

148 

173 

198 

222 

24; 

246 

25 

49 

74 

123 

148 

172 

197 

221 

24f 

: 

245 

25 

49 

74 

9f 

123 

147 

172 

196 

221 

24! 

244 

24 

49 

73 

98 

122 

146 

171 

195 

220 

24, 

243 

24 

49 

73 

97 

122 

146 

170 

194 

219 

24: 

242 

24 

48 

73 

97 

121 

145 

169 

194 

218 

24: 

241 

24 

48 

72 

96 

121 

145 

169 

193 

217 

24: 

240 

24 

48 

72 

96 

120 

144 

168 

192 

216 

24c 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 
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LOGARITHMIC  NUMBERS 


^33 


N. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

180 

255273 

5514 

5755 

5996 

6237 

6477 

6718 

6958 

7198 

7439 

241 

181 

7679 

7918 

8158 

8398 

8637 

8877 

91 16 

9355 

9594 

9833 

239 

182 

260071 

0310 

0548 

0787 

1025 

1263 

1501 

1739 

1976 

2214 

238 

183 

2451 

26S8 

2925 

3162 

3399 

3636 

3873 

4109 

4346 

4582 

237 

184 

4818 

5054 

5290 

5525 

576i 

5996 

6232 

6467 

6702 

6937 

235 

:  185 

267172 

7406 

7641 

7S75 

8110 

8344 

857S 

8812 

9046 

9279 

234 

186 

9513 

9746 

9980 

*02I3 

*0446 

*o679 

♦0912 

•1144 

*I377 

*i6o9 

233 

187 

271842 

2074 

2306 

2538 

2770 

3001 

3233 

3464 

3696 

3927 

232 

i  1S8 

4153 

4389 

4620 

4850 

5081 

53ii 

5542 

5772 

6002 

6232 

230 

l8g 

6462 

6692 

6921 

7151 

7380 

7609 

7838 

8067 

8296 

8525 

229 

190 

278754 

8982 

9211 

9439 

9667 

9895 

*OI23 

*035i 

*°578 

*o8o6 

228 

191 

281033 

1261 

1488 

1715 

1942 

2169 

2396 

2622 

2849 

3075 

227 

192 

3301 

3527 

3753 

3979 

4205 

4431 

4656 

4882 

5™7 

5332 

226 

193 

5557 

5782 

6007 

6232 

6456 

6681 

6905 

7130 

7354 

7578 

225 

194 

7802 

8026 

8249 

8473 

8696 

8920 

9H3 

9366 

95S9 

9812 

223 

195 

290035 

0257 

0480 

0702 

0925 

1 147 

1369 

I59i 

1813 

2034 

222 

1 96 

2256 

2478 

2699 

2920 

3J4i 

3363 

3584 

3804 

4025 

4246 

221 

197 

4466 

4687 

4907 

5127 

5347 

5567 

5787 

6007 

6226 

6446 

220 

198 

6665 

6884 

7104 

7323 

7542 

7761 

7979 

8198 

8416 

8635 

219 

199 

8853 

9071 

9289 

9507 

9725 

9943 

*oi6i 

♦0378 

*°595 

*o8i3 

218 

200 

301030 

1247 

1464 

1681 

1898 

2114 

2331 

2547 

2764 

2980 

217 

201 

3196 

3412 

3628 

3844 

4059 

4275 

4491 

4706 

4921 

5136 

216 

202 

535i 

5566 

5781 

5996 

6211 

6425 

6639 

6854 

7068 

7282 

215 

203 

7496 

7710 

7924 

8i37 

8351 

8564 

8778 

8091 

9204 

94i7 

213 

204 

9630 

9S43 

*oo56 

*0268 

"=0481 

*o693 

*09o6 

*ni8 

*i33o 

*I542 

212 

IT. 

Diff. 

I 

2 

3 

4 

5 

C 

7 

8 

9 

Diff. 

239 

24 

48 

72 

96 

120 

143 

167 

191 

215 

239 

238 

24 

48 

71 

95 

119 

143 

167 

190 

214 

238 

237 

24 

47 

71 

95 

119 

142 

166 

190 

213 

237 

236 

24 

47 

71 

94 

118 

142 

165 

189 

212 

236 

235 

24 

47 

71 

94 

118 

141 

165 

188 

212 

235 

234 

23 

47 

70 

94 

117 

140 

164 

187 

211 

234 

233 

23 

47 

70 

93 

117 
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163 

186 

210 

233 

07 

232 

23 

46 

70 

93 

116 

139 

162 

186 

209 

232 

H 

< 

231 

23 

46 

69 

92 

116 

139 

162 

185 

208 

231 

230 

23 

46 

69 

92 

"5 

138 

161 

184 

207 

230 

A 

229 

23 

46 

69 

92 

115 

137 

160 

183 

206 

229 

J 

228 

23 

46 

68 

91 

114 

137 

160 

182 

205 

228 

< 

227 

23 

45 

68 

91 

114 

136 

159 

182 

204 

227 

2 

226 

23 

45 

68 

90 

"3 

136 

158 

181 

203 

226 

1  O 

225 

23 

45 

68 

90 

"3 

135 

158 

180 

203 

225 

1   *H 

H 

OS 

224 

22 

45 

67 

90 

112 

134 

157 

179 

202 

224 

223 

22 

45 

67 

89 

112 

134 

156 

178 

201 

223 

■  0 

222 

22 

44 

67 

89 

in 

133 

155 

178 

200 

222 

CU 

221 

22 

44 

66 

88 

in 

133 

155 

177 

199 

221 

0 
1  OS 

Oh 

220 

22 

44 

66 

88 

no 

132 

154 

176 

198 

220 

219 

22 

44 

66 

88 

no 

131 

153 

175 

197 

219 

218 

22 

44 

65 

87 

109 

131 

153 

174 

196 

218 

217 

22 

43 

65 

87 

109 

130 

152 

174 

i95 

217 

216 

22 

43 

65 

86 

108 

130 

151 

173 

194 

216 

215 

22 

43 

65 

86 

108 

129 

151 

172 

194 

215 

214 

21 

43 

64 

86 

107 

128 

150 

171 

193 

214 

213 

21 

43 

64 

85 

107 

128 

149 

170 

192 

213 

212 

21 

42 

64 

85 

106 

127 

148 

170 

191 

212 

Diff. 

X 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

1634 


GENERAL  TABLES 


N. 
205 

0 

I 

2 

3 

4 

5 

6 

1 

8 

9 

Diff. 

311754 

1966 

2177 

2389 

2600 

2812 

3023 

3234 

3445 

3656 

211 

206 

3867 

4078 

4289 

4499 

4710 

4920 

5I30 

5340 

5551 

5760 

210 

207 

5970 

6180 

6390 

6599 

6809 

7018 

7227 

7436 

7646 

7854 

209 

208 

8063 

8272 

8481 

8689 

8898 

9106 

9314 

9522 

9730 

9938 

208 

2og 

320146 

0354 

0562 

0769 

0977 

1184 

1391 

1598 

1805 

2012 

207 

210 

322219 

2426 

2633 

2839 

3046 

3252 

3458 

3665 

3871 

4077 

206 

211 

4282 

4488 

4694 

4899 

5105 

5310 

55l6 

5721 

5926 

6131 

205 

212 

6336 

6541 

6745 

6950 

7155 

7359 

7563 

7767 

7972 

8176 

204 

213 

8380 

8583 

8787 

8991 

9194 

9398 

960I 

9805 

*ooo8 

*02II 

203 

214 

330414 

0617 

0819 

1022 

1225 

1427 

I63O 

1832 

2034 

2236 

202 

215 

332438 

2640 

2842 

3044 

3246 

3447 

3649 

3850 

4051 

4253 

202 

216 

4454 

4655 

4856 

5057 

5257 

5458 

5658 

5859 

6059 

6260 

201 

217 

6460 

6660 

6860 

7060 

7260 

7459 

7059 

7858 

8058 

8257 

200 

218 

8456 

8656 

8855 

9054 

9253 

9451 

965O 

9849 

*oo47 

*o246 

199 

2ig 

340444 

0642 

0841 

1039 

1237 

1435 

I632 

1830 

2028 

2225 

198 

220 

342423 

2620 

2817 

3014 

3212 

3409 

3606 

3802 

3999 

4196 

197 

221 

4392 

4589 

4785 

4981 

5178 

5374 

5570 

5766 

5962 

6i57 

196 

222 

6353 

6549 

6744 

6939 

7135 

7330 

7525 

7720 

79i5 

8110 

195 

223 

8305 

8500 

8694 

8S89 

9083 

9278 

9472 

9666 

9860 

*oo54 

194 

224 

350248 

0442 

0636 

0829 

1023 

1216 

1410 

1603 

1796 

1989 

193 

225 

352183 

2375 

2568 

2761 

2954 

3147 

3339 

3532 

3724 

3916 

193 

226 

4108 

4301 

4493 

4685 

4876 

5068 

5260 

5452 

5643 

5834 

192 

227 

6026 

6217 

6408 

6599 

6790 

6981 

7172 

7363 

7554 

7744 

191 

228 

7935 

8125 

8316 

8506 

8696 

88S6 

9076 

9266 

9456 

9646 

190 

229 

9835 

*0025 

*02I5 

*0404 

^593 

=•=0783 

♦0972 

*n6i 

*I35° 

*i539 

189 

230 

361728 

1917 

2105 

2294 

2482 

2671 

2859 

3048 

3236 

3424 

188 

231 

3612 

3800 

3988 

4176 

4363 

4551 

4739 

4926 

5i  13 

530I 

188 

232 

5488 

5675 

5862 

6049 

6236 

6423 

6610 

6796 

6983 

7169 

187 

233 

7356 

7542 

7729 

7915 

8101 

8287 

8473 

8659 

8845 

9030 

186 

234 

9216 

9401 

9587 

9772 

9958 

*oi43 

♦0328 

♦0513 

♦0698 

*oS83 

185 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff 

212 

21 

42 

64 

85 

106 

127 

148 

170 

191 

212 

2ix 

21 

42 

63 

84 

106 

127 

148 

169 

190 

211; 

210 

21 

42 

63 

84 

105 

126 

147 

168 

189 

210 

209 

21 

42 

63 

84 

105 

125 

146 

167 

188 

3 

09 

208 

21 

42 

62 

83 

104 

125 

146 

166 

187 

207 

21 

41 

62 

S3 

104 

124 

145 

166 

186 

207 

tf 

206 

21 

41 

62 

82 

103 

124 

144 

165 

185 

206 

< 

205 

21 

41 

62 

82 

103 

123 

144 

164 

185 

205 

cu 

204 

20 

41 

61 

82 

102 

122 

143 

163 

184 

204 

< 
2 
0 

203 

20 

41 

61 

81 

102 

122 

142 

162 

183 

203 

202 

20 

40 

61 

81 

IOI 

121 

141 

162 

182 

202 

201 

20 

40 

60 

80 

IOI 

121 

141 

161 

181 

201 

200 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

>— < 

H 

199 

20 

40 

60 

80 

100 

119 

139 

159 

179 

igg 

Pi 

198 

20 

40 

59 

79 

99 

119 

139 

158 

178 

198 

O 

197 

20 

39 

59 

79 

99 

118 

138 

158 

177 

197 

-u 

196 

20 

39 

59 

78 

98 

118 

137 

157 

176 

196 

0 

04 

195 

20 

39 

59 

78 

98 

117 

137 

156 

176 

195 

194 

19 

39 

58 

78 

97 

116 

136 

155 

175 

194 

193 

19 

39 

58 

77 

97 

116 

135 

154 

i74 

193 

192 

19 

38 

58 

77 

96 

115 

134 

154 

173 

192 

191 

19 

38 

57 

76 

96 

"5 

134 

153 

172 

191 

190 

19 

38 

57 

76 

95 

114 

133 

152 

171 

190 

l8g 

19 

38 

57 

76 

95 

113 

132 

151 

170 

\U 

188 

19 

38 

56 

75 

94 

113 

132 

150 

169 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

LOGARITHMIC  NUMBERS 


1635 


N. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

*35 

836 
«37 
!38 
539 
640 
841 
242 

'43 

'.44 

>45 

!46 

'■47 
!48 

•49 
•52 

;53 
:54 
>55 
36 
57 
58 
59 
:6o 
:6i 
:62 

53 
64 

371068 

2912 

4748 

6577 
8398 

3802 I I 
2017 

3815 

5606 

7390 
389166 

390935 

2697 

4452 
6199 

397940 
9674 

401401 

3121 

4834 
406540 

8240 

9933 
411620 

33oo 

414973 
6641 
8301 

9956 
421604 

1253 

3096 

4932 
6759 
8580 

0392 
2197 
3995 
5785 
7568 

9343 
1112 
2873 
4627 
6374 
8114 
9847 
1573 
3292 

5005 
6710 
8410 

*0I02 
1788 
3467 

5140 
6807 
8467 
*OI2I 
1768 

1437 
3280 

5"5 
6942 
8761 

0573 
2377 
4174 
5964 
7746 
9520 
1288 
3048 
4S02 
6548 

8287 

*0020 
1745 
3464 
5176 
688l 

8579 
*027I 

1956 
3635 

5307 
6973 
8633 

*o286 
1933 

1622 
3464 
5298 
7124 

8943 

0754 
2557 
4353 
6142 

7923 
9698 
1464 
3224 

4977 
6722 

8461 

*OI92 

1917 

3635 
5346 

7051 
8749 

*o440 
2124 
3803 

5474 
7139 
8798 
*045i 
2097 

1806 
3647 
5481 
7306 
9124 

0934 
2737 
4533 
6321 
8101 

9875 
1641 
3400 
5152 
6896 

8634 

*0365 

2089 
3807 

5517 
7221 
8918 
*o6o9 
2293 
3970 

5641 
73o6 
8964 
*o6i6 
2261 

1991 

3831 
5664 
7488 
9306 

i"5 
2917 
4712 
6499 
8279 

*oo5i 
1817 

3575 
5326 
7071 

8808 
*o538 
2261 
3978 
5688 

7391 
90S7 

*o777 
2461 
4137 
5808 
7472 
9129 

*078i 
2426 

2175 
4015 
5846 
7670 
9487 

1296 

3097 
4891 
6677 
8456 

*0228 
1993 
3751 
5501 
7245 
898I 

*07ii 

2433 
4149 

5858 
756l 
9257 
*0946 
2629 
4305 

5974 
7638 

9295 

*0945 

2590 

2360 
4198 
6029 
7852 
9668 

1476 
3277 
5070 
6856 

8634 

*0405 
2169 
3926 
5676 
7419 

9154 
*o883 
2605 
4320 
6029 

7731 
9426 
*ni4 
2796 
4472 

6141 
7804 
9460 

*IIIO 

2754 

2544 
4382 
6212 
8034 
9849 
1656 
3456 
5249 
7034 
8Sn 
*os82 

2345 
4101 

5850 
7592 

9328 
=•=1056 
2777 
4492 
6199 
790I 
9595 
*I283 
2964 
4639 
6308 
7970 
9625 

*i275 
2918 

2728 
4565 
6394 
8216 
*oo30 

1837 
3636 
5428 
7212 
8989 
*o759 
2521 

4277 
6025 
7766 

9501 

*I228 

2949 
4663 
6370 

8070 

9764 

*i45i 
3132 
4806 

6474 

8i35 
9791 

*I439 
3082 

184 
184 

183 
182 

.181 

181 
180 
179 
178 
178 
177 
176 
176 
175 
174 

173 
173 
172 
171 
171 
170 
169 
169 
168 
167 

167 
166 
165 
165 
164 

W 
H 

<: 

2 
0 

H 

06 

■   0 

0. 
0 

& 

0, 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

187 
186 

^5 

184 

183 
182 
181 
180 

179 
178 
177 
176 
175 
174 
173 
172 

171 

170 

i6g 
168 
167 
166 
165 
164 

19 
19 
19 

18 
18 
18 
18 
18 

18 
18 
18 
18 
18 
17 
17 
17 
17 
17 

17 
17 
17 
17 
17 
16 

37 
37 
37 
37 
37 
36 
36 
36 

36 
35 
35 
35 
35 
35 
34 
34 
34 

34 
34 
33 
33 
33 
33 

56 
56 
56 

55 
55 
55 
54 

54 

54 
53 
53 
53 
53 
52 
52 
52 
51 
5i 

5i 
50 
50 
50 
50 
49 

75 
74 
74 
74 
73 
73 
72 
72 

72 
7i 
7i 
70 

70 
70 

69 

68 

68 

68 

67 

66 
66 
66 

94 
93 
93 
92 
92 
91 
9i 
90 

90 
89 
89 
88 
88 
87 
87 
86 
86 
85 

85 

84 
84 
83 
83 
82 

112 
112 
in 
no 
no 
109 
109 
108 

107 
107 
106 
106 

105 
104 
104 
103 
103 
102 

101 

IOI 

100 
100 

99 
98 

131 
130 
130 
129 
128 
127 
127 
126 

125 
125 
124 
123 
123 
122 
121 
120 
120 
119 

118 
118 
117 
116 
116 
115 

150 
149 
148 

i47 
146 
146 
145 

144 

143 
142 
142 

141 
140 
139 
138 
138 
i37 
136 

i35 
134 
134 
133 
132 

131 

168 
167 
167 
166 

165 
164 
163 
162 

161 
160 
159 
158 
158 
157 
156 
155 
154 
153 

152 
151 
150 
149 
149 
148 

187 
186 
185 
184 
183 
182 
181 
180 

179 
178 
177 
176 
175 
174 
173 
172 
171 
170 

i6g 
168 
167 
166 
X65 
164 

Wv 

Diff. 

z 

2 

3 

4 

5 

6 

7 

8     9   piff. 

1636 


GENERAL  TABLES 


N. 


265 
266 
267 
268 

269 

270 
271 
272 

273 
274 

275 
276 

277 
278 
279 

280 
281 
282 
283 
284 
285 
286 
287 
288 
289 

290 

291 
292 

293 
294 

295 
296 

297 
298 
299 


423246 
4882 
651 1 
8135 
9752 

431364 
2969 

4569 
6163 

775i 
439333 
440909 

2480 

4045 
5604 

447158 
8706 

450249 
1786 
33i8 

454845 
6366 
7882 
9392 


462398 
3893 
5383 


8347 
469822 
471292 
2756 
4216 
5671 


34io 

5045 
6674 

8297 
9914 

1525 
3130 
4729 
6322 
7909 
9491 
1066 
2637 
4201 
5760 

7313 
8S61 
0403 
1940 
3471 
4997 
6518 
8033 
9543 
1048 

2548 
4042 
5532 
7016 

8495 
9969 

1438 
2903 
4362 
5816 


3574 
5208 
6836 

8459 
'0075 

1685 
3290 


6481 
8067 
9648 
1224 
2793 
4357 
5915 
7468 
9°i5 
0557 
2093 
3624 
5150 
6670 
8184 
9694 
1 198 

2697 
4191 
56S0 
7164 
8643 
:ou6 

1585 
3049 
4508 
5962 


3737 
5371 
6999 
8621 
^0236 

1846 
3450 
5048 
6640 
8226 
9806 
1381 
2950 

4513 
6071 

7623 
9170 
0711 
2247 

3777 
5302 
6821 
8336 
9845 
1348 

2847 
4340 
5829 
7312 
8790 
^0263 
1732 
3i95 
4653 
6107 


3901 

5534 
7161 

87S3 
'0398 

2007 
3610 
5207 
6799 


9964 
1538 
3106 
4669 
6226 

7778 

9324 
0865 
2400 
393° 
5454 
6973 


9995 
1499 

2997 
4490 

5977 
7460 

8938 
^io 
1878 
3341 
4799 
6252 


4065 
5697 
7324 
8944 
*°559 
2167 
377o 
5367 
6957 
8542 

*OI22 
1695 

3263 
4825 
63S2 

7933 
9478 
1018 

2553 

4082 
5606 
7125 
8638 
^0146 
1649 

3146 
4639 
6126 
7608 
90S5 

*°557 
2025 

3487 
4944 
6397 


4228 
5860 
7486 
9106 

*0720 

2328 
3930 
5526 
7116 
8701 

*o279 

1852 

3419 
4981 

6537 


9633 
1172 
2706 
4235 
5758 
7276 
87S9 
^0296 
1799 

3296 
4788 
6274 
7756 
9233 
•=0704 
2171 

3633 
5090 
6542 


8 


4392 
6023 
7648 
9268 
*o88i 

2488 
4090 
5685 
7275 


*°437 
2009 

3576 
5137 
6692 

8242 
9787 
1326 

28^9 

4387 
59io 
7428 
8940 

*0447 
1948 

3445 
4936 
6423 
7904 
9380 
*o85i 
2318 
3779 
5235 
6687 


4555 
6186 
781 1 
9429 

*I042 

2649 
4249 
5844 

7433 
9017 

*Q594 
2166 

3732 
5293 
6848 

8397 
9941 
1479 
3012 

4540 
6062 

7579 
9091 

*0597 
2098 

3594 
5085 
6571 
8052 

9527 
♦0998 
2464 
3925 
5381 
6832 


N. 


Diff. 


164 
163 
162 
161 
160 

159 
158 
157 
156 
155 
154 
153 
152 
151 
150 

149 
148 

147 
146 

145 
144 

143 
Diff. 


16 
16 
16 

16 
16 

16 

16 
16 
16 
16 
15 
15 
15 
15 
15 

15 
15 
15 
15 
IS 
14 
14 


33 

33 

32 
32 
32 

32 
32 
31 

3i 
3i 
31 

3i 
30 
30 

3° 

30 
30 

29 
29 
29 

29 

29 


49 

66 

49 

65 

49 

65 

4« 

64 

48 

64 

48 

64 

47 

6.3 

47 

63 

47 

62 

47 

62 

46 

62 

46 

61 

46 

61 

45 

60 

45 

60 

45 

60 

44 

59 

44 

59 

44 

58 

44 

58 

43 

58 

43 

57 

77 
77 
76 
76 
75 

75 
74 
74 
73 
73 
72 
72 


97 

°7 
96 

95 
95 
94 
94 
93 
92 
92 
91 
91 
90 

S9 
89 


"5 
114 

"3 
113 
112 

in 
in 
no 

109 
109 
10S 
107 
106 
106 
105 

104 
104 
103 
102 
102 

IOI 

IOO 


s 

131 
130 
130 
129 

128 
127 

126 

126 

125 

124 
123 

122 
122 
121 
I20 

119 

Il8 
Il8 
117 
Il6 

"5 
114 


LOGARITHMIC  NUMBERS 


1637 


CO 

H 

< 

< 
2 

o 


472XS 

8566 

480007 
1443 
2S74 

484300 

5721 
7138 
8551 
9953 

491362 
2760 
4155 
5544 
6930 

4983 1 1 
96S7 

501059 
2427 
3791 

505150 
6505 
7856 
9203 

5IQ545 
511883 
3218 
4548 
5874 
7196 

518514 
9828 

521 138 
2444 
3746 

525045 
6339 
7630 

8917 
530200 


7266 
8711 
0151 
1586 
3016 
4442 
5863 
72S0 
8692 
"•0099 

1502 
2900 
4294 

5683 
7068 


9824 
1196 
2564 
3927 
5286 
6640 
7991 

9337 
0679 
2017 

3351 
4681 
6006 
7328 

8646 

9959 
1269 

2575 
3876 

5174 
6469 

7759 
9045 
0328 


7411 

8855 
0294 
1729 
3159 
4585 
6005 
7421 

8S33 
=0239 

1642 
3040 
4433 
5822 
7206 


9962 

1333 
2700 
4063 

5421 
6776 
8126 

9471 
0813 
2151 
3484 
4813 
6i39 
7460 

8777 

^oogo 

1400 

2705 
4006 

5304 
6598 


7555 


9X74 
0456 


0438 
1872 
3302 
4727 
6147 
7503 
8974 
*038o 

1782 

3*79 
4572 
5960 

7344 
8724 
^0099 
1470 
2837 
4199 

5557 
691 1 
8260 
9606 
0947 
2284 
3617 
4946 
6271 
7592 

8909 

*022I 
I530 
2835 
4136 

5434 
6727 
8016 
9302 
0584 


7700 

9X43 
0582 
2016 

3445 
4869 
6289 
7704 
9114 
^0520 

1922 

3319 
4711 
6099 

7483 
8862 
'0236 
1607 
2973 
4335 

5693 
7046 

8395 
9740 
1081 
2418 
3750 

5079 
6403 
7724 

9040 

l!°353 

1661 
2966 
4266 

5563 
6856 

8i45 
9430 
0712 


7844 
9287 

0725 
2159 
3587 
501 1 
6430 
7845 
9255 
*o66i 

2062 
3458 
4850 
62.38 
7621 


F0374 
1744 
3109 

4471 
5828 
7181 
8530 
9874 
1215 
2551 
3883 
5211 

6535 
7855 
9171 
*0484 
1792 
3096 
4396 
5693 
6985 
8274 

9559 
0840 


79S9 
9431 
0869 
2302 
3730 
5i53 
6572 
7986 
9396 
*o8oi 

2201 

3597 
49S9 

6376 
7759 
9i37 
*05ii 
18S0 
3246 
4607 

5964 

7316 

8664 

*ooo9 

1349 
2684 
4016 

5344 
6668 
7987 

9303 
*o6i5 
1922 
3226 
4526 
5822 
7114 
8402 
9687 


8i33 
9575 
1012 

2445 
3872 

5295 
6714 
8127 

9537 
*094l 

2341 
3737 
5128 

6515 
7897 
9275 


2017 
3382 
4743 
6099 
7451 
8799 
*oi43 
1482 
2818 
4149 
5476 
6800 
8119 

9434 
*0745 
2053 
3356 
4656 

5951 
7243 
8531 
9Si5 
1096 


8278 
9719 
1156 
2588 

4015 
5437 
6855 
8269 

9677 
*io8l 

2481 
3876 
5267 
6653 
8035 
9412 

♦0785 
2154 
35i8 
4878 

6234 

7586 

8934 

*0277 

1616 

2951 
4282 
5609 
6932 
8251 

9566 

*o876 

2183 

3486 

4785 
6081 

7372 
8660 

9943 
1223 


8422 
9863 
1299 
2731 
4157 
5579 
6997 
8410 
'9818 

*I222 
2621 

4015 
5406 

6791 
8173 
9550 
*0922 
2291 
3655 
5014 
637O 
7721 


*04II 
I750 
3084 
4415 
5741 
7064 
8382 

9697 

*ioo7 

2314 
3616 

49i5 
6210 

750i 


*0072 

1351 


Diff. 


145 
144 
144 
143 
143 
142 
142 
141 
141 
140 

140 
139 
139 
139 
138 
133 
137 
137 
136 
136 

136 
135 
135 
134 
134 
133 
133 
133 
132 

132 

131 
131 
131 
130 
130 
129 
129 
129 
128 
128 


Diff. 


142 
141 
140 

139 
138 
137 
136 

135 
134 
133 
132 
131 
130 

129 
128 
127 

Diff". 


2    3    4    5 


14 
14 
14 

14 

14 
14 
14 
14 
13 
13 
13 
13 
13 

13 

13 
13 


28 
28 
28 

28 
28 
27 

27 
27 
27 

27 
26 
26 
26 

26 
26 
25 


57 

55 
56 


42 

56 

41 

55 

41 

55 

41 

54 

41 

54 

40 

54 

40 

53 

40 

53 

39 

52 

39 

52 

71 
71 

70 

70 
69 

68 
68 
67 

67 
66 
66 
65 

65 

64 
64 


35- 
85 
84 

83 
83 
82 
82 
81 
80 
80 
79 
79 
78 

77 
77 
76 


99 
99 
98 

97 
97 
96 

95 
95 
94 
93 
92 
92 

9i 

9° 

90 


114 

H3 
112 

in 
no 
no 
109 
108 
107 
106 
106 
105 
104 

103 
102 
102 

8 


Diff. 


128 
127 
126 

125 
124 
123 
122 
122 
121 
120 
119 
118 
117 

116 
H5 

114 

9 


142 
141 
140 

139 
138 
137 
136 
135 
134 
133 
132 
131 
130 

I2g 
128 
127 

Diff. 


i638 


GENERAL  TABLES 


N. 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

DU 

340 

531479 

1607 

1734 

1862 

1990 

2117 

2245 

2372 

2500 

2627 

I2i 

341 

2754 

2882 

3009 

3136 

3264 

3391 

3518 

3645 

3772 

3899 

12' 

342 

4026 

4i53 

4280 

4407 

4534 

4661 

4787 

4914 

5041 

5167 

12' 

343 

5294 

5421 

5547 

5674 

5800 

5927 

6053 

6180 

6306 

6432 

12' 

344 

6558 

66S5 

681 1 

6937 

7063 

7189 

7315 

744i 

7567 

7693 

12. 

345 

5373x9 

7945 

8071 

8197 

8322 

8448 

8574 

8699 

8825 

8951 

12' 

346 

9076 

9202 

9327 

9452 

9578 

9703 

9829 

9954 

*<x>79 

♦0204 

12 

347 

540329 

0455 

05S0 

0705 

0830 

0955 

1080 

1205 

1330 

1454 

12 

348 

1579 

1704 

1S29 

1953 

2078 

2203 

2327 

2452 

2576 

2701 

12 

349 

2S25 

2950 

3074 

3199 

3323 

3447 

357i 

3696 

3820 

3944 

12. 

35° 

544068 

4192 

43i6 

4440 

4564 

4688 

4812 

4936 

5060 

5183 

12. 

35i 

5307 

5431 

5555 

5678 

5S02 

5925 

6049 

6172 

6296 

6419 

12. 

352 

6543 

6666 

67S9 

6913 

7036 

7159 

7282 

7405 

7529 

7652 

12. 

353 

7775 

789S 

8021 

8144 

8267 

8389 

8512 

8635 

8758 

88S1 

12. 

354 

9003 

9126 

9249 

9371 

9494 

9616 

9739 

9861 

9984 

*oio6 

12. 

355 

550228 

0351 

0473 

0595 

0717 

0840 

0962 

1084 

1206 

1328 

12 

356 

1450 

1572 

1694 

1816 

1938 

2060 

2181 

2303 

2425 

2547 

12: 

357 

2668 

2790 

291 1 

3033 

3155 

3276 

3398 

3519 

3640 

3762 

12 

358 

3S83 

4004 

4126 

4247 

4368 

4489 

4610 

4731 

4852 

4973 

12 

359 

5094 

52I5 

5336 

5457 

5578 

5699 

5820 

5940 

6061 

61S2 

12 

360 

556303 

6423 

6544 

6664 

6785 

6905 

7026 

7146 

7267 

7387 

I2< 

361 

7507 

7627 

7748 

7868 

7988 

8108 

8228 

8349 

8469 

85S9 

12- 

362 

8709 

8S29 

8948 

9068 

9188 

93o8 

9428 

9548 

9667 

9787 

12. 

363 

99o7 

*002O 

*oi46 

*0265 

*Q385 

*0504 

*o624 

*0743 

*o863 

*09S2 

II- 

364 

561 IOI 

1221 

1340 

1459 

1578 

1698 

1817 

1936 

2055 

2174 

II 

365 

562293 

2412 

2531 

2650 

2769 

2887 

3006 

3125 

3244 

3362 

IK 

366 

3481 

360O 

37i8 

3837 

3955 

4074 

4192 

43i  1 

4429 

4548 

II- 

367 

4666 

4784 

4903 

5021 

5139 

5257 

5376 

5494 

5612 

5730 

II 

358 

5848 

5966 

6084 

6202 

6320 

6437 

6555 

6673 

6791 

6909 

II 

369 

7026 

7144 

7262 

7379 

7497 

7614 

7732 

7849 

7967 

8084 

II 

37o 

568202 

8319 

8436 

8554 

8671 

8788 

8905 

9023 

9140 

9257 

II 

371 

9374 

9491 

9608 

9725 

9842 

9959 

♦0076 

*oi93 

^309 

*0426 

II 

372 

570543 

0660 

0776 

0893 

10 10 

1126 

1243 

1359 

1476 

1592 

II 

373 

1709 

1825 

1942 

2058 

2174 

2291 

2407 

2523 

2639 

2755 

in 

374 

2872 

29S8 

3^4 

3220 

3336 

3452 

3568 

36S4 

3800 

3915 

III 

375 

574031 

4147 

4263 

4379 

4494 

4610 

4726 

4841 

4957 

5072 

IK 

376 

5188 

5303 

54i9 

5534 

5650 

5765 

5880 

5996 

6111 

6226 

Ii; 

377 

6341 

6457 

6572 

6687 

6802 

6917 

7032 

7147 

7262 

7377 

«.' 

378 

7492 

7607 

7722 

7836 

7951 

8066 

8181 

8295 

8410 

8525 

"! 

379 

8639 

8754 

8868 

8983 

9097 

9212 

9326 

9441 

9555 

9669 

lit 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Dif 

128 

13 

26 

38 

51 

64 

77 

90 

102 

"5 

I2& 

127 

13 

25 

38 

51 

64 

76 

89 

102 

114 

127 

CO 

H 

126 

13 

25 

38 

50 

63 

76 

88 

IOI 

"3 

126 

125 

13 

25 

38 

50 

63 

75 

88 

100 

"3 

125 

< 

124 

12 

25 

37 

50 

62 

74 

87 

99 

112 

124 

Ph 

123 

12 

25 

37 

49 

62 

74 

86 

98 

in 

123 

122 

12 

24 

37 

49 

61 

73 

85 

98 

no 

12a 

o<" 

121 

12 

24 

36 

48 

61 

73 

85 

97 

109 

121 

0 

120 

12 

24 

36 

48 

60 

72 

84 

96 

108  120 

(A 
Ah 

ng 

12 

24 

36 

48 

60 

7i 

83 

95 

107 

"S 

118 

12 

24 

35 

47 

59 

7i 

83 

94 

106 

117 

12 

23 

35 

47 

59 

70 

82 

94 

105 

117 

zi6 

12 

23 

35 

46 

58 

70 

81 

93 

104 

Il6 

1 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff 

LOGARITHMIC  NUMBERS 


1639 


N. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

380 

579784 

9898 

*0OI2 

*OI26 

♦0241 

*Q355 

^0469 

♦0583 

♦0697 

*o8n 

114 

381 

580925 

1039 

"53 

1267 

1381 

1495 

1608 

1722 

1836 

1950 

114 

382 

2063 

2177 

2291 

2404 

2518 

2631 

2745 

2858 

2972 

3085 

114 

383 

3199 

33i2 

3426 

3539 

3652 

3765 

3879 

3992 

4105 

4218 

"3 

384 

4331 

4444 

4557 

4670 

4783 

4S96 

5009 

5122 

5235 

5348 

"3 

385 

585461 

5574 

5686 

5799 

5912 

6024 

6137 

6250 

6362 

6475 

"3 

386 

6587 

6700 

6812 

6925 

7037 

7149 

7262 

7374 

7486 

7599 

112 

387 

771 1 

7823 

7935 

8047 

8160 

8272 

8384 

8496 

8608 

8720 

112 

388 

8832 

8944 

9056 

9167 

9279 

9391 

9503 

9615 

9726 

9838 

112 

389 

9950 

*oo6i 

=^0173 

*o284 

♦0396 

*o5o7 

*o6i9 

*o730 

*o842 

*0953 

112 

39o 

591065 

1 176 

1287 

1399 

1510 

1621 

1732 

1843 

1955 

2066 

in 

391 

2177 

2288 

2399 

2510 

2621 

2732 

2843 

2954 

3064 

3175 

in 

392 

3286 

3397 

35o8 

3618 

3729 

3840 

395o 

4061 

4171 

4282 

in 

393 

4393 

4503 

4614 

4724 

4834 

4945 

5055 

5165 

5276 

5386 

no 

394 

5496 

5606 

5717 

5827 

5937 

6047 

6i57 

6267 

6377 

6487 

no 

395 

596597 

6707 

6817 

6927 

7037 

7146 

7256 

7366 

7476 

7586 

no 

396 

7695 

7S05 

7914 

8024 

8i34 

8243 

8353 

8462 

8572 

8681 

no 

397 

8791 

8900 

9009 

9119 

9228 

9337 

9446 

*955£ 

9665 

9774 

109 

393 

9883 

9992 

*OIOI 

*02IO 

*03i9 

♦0428 

*o537 

*o646 

M55 

*o864 

109 

399 

600973 

10S2 

1 191 

I299 

1408 

1517 

1625 

1734 

1843 

1951 

109 

400 

602060 

2169 

2277 

2386 

2494 

2603 

2711 

2819 

2928 

3036 

108 

401 

3144 

3253 

336i 

3469 

3577 

3686 

3794 

3902 

4010 

4118 

108 

403 

4226 

4334 

4442 

4550 

4658 

4766 

4874 

4982 

5089 

5197 

108 

403 

5305 

5413 

5521 

5628 

5736 

5844 

5951 

6059 

6166 

6274 

108 

404 

6381 

6489 

6596 

6704 

6811 

6919 

7026 

7133 

7241 

7348 

107 

405 

607455 

7562 

7669 

7777 

7884 

7991 

8098 

8205 

8312 

8419 

107 

406 

8526 

8633 

8740 

8847 

8954 

9061 

9167 

9274 

938i 

9488 

107 

407 

9594 

9701 

9808 

9914 

*002I 

*OI28 

*0234 

*034i 

*0447 

*0554 

107 

408 

610660 

0767 

0873 

0979 

I086 

1 192 

I298 

1405 

I5II 

1617 

106 

409 

1723 

1829 

1936 

2042 

2148 

2254 

2360 

2466 

2572 

2678 

106 

410 

612784 

2890 

2996 

3102 

3207 

3313 

3419 

3525 

3630 

3736 

106 

4" 

3842 

3947 

4053 

4159 

4264. 

4370 

4475 

458i 

4686 

4792 

106 

412 

4897 

5003 

5108 

5213 

5319 

5424 

5529 

5634 

5740 

5845 

105 

413 

5950 

6055 

6160 

6265 

637O 

6476 

6581 

6686 

6790 

6895 

105 

414 

7000 

7105 

7210 

7315 

7420 

7525 

7629 

7734 

7839 

7943 

105 

415 

618048 

8i53 

8257 

8362 

8466 

8571 

8676 

8780 

8884 

8989 

105 

416 

9093 

9198 

9302 

9406 

9511 

9615 

9719 

9824 

9928 

*0032 

104 

417 

620136 

0240 

0344 

0448 

0552 

0656 

0760 

0864 

0968 

1072 

104 

418 

1176 

1280 

1384 

1488 

1592 

1695 

1799 

1903 

2007 

2IIO 

104 

4i9 

2214 

2318 

2421 

2525 

2628 

2732 

2835 

2939 

3042 

3146 

104 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

"5 

12 

23 

35 

46 

58 

69 

81 

92 

104 

«5 

114 

11 

23 

34 

46 

57 

68 

80 

91 

103 

114 

00 

"3 

11 

23 

34 

45 

57 

68 

79 

90 

102 

"3 

H 
X 
< 

112 

11 

22 

34 

45 

% 

67 

78 

90 

101 

112 

III 

n 

22 

33 

44 

56 

67 

78 

89 

100 

in 

no 

n 

22 

33 

44 

55 

66 

77 

88 

99 

no 

. 

I09 

n 

22 

33 

44 

55 

65 

76 

87 

98 

iog 

0 

X 

I08 

11 

22 

32 

43 

54 

65 

76 

86 

97 

108 

I07 

11 

21 

32 

43 

54 

64 

75 

86 

96 

107 

I06 

11 

21 

32 

42 

53 

64 

74 

85 

95 

106 

I°5 

n 

21 

32 

42 

53 

63 

74 

84 

95 

105 

I04 

10 

21 

3i 

42 

52 

62 

73 

83 

94 

104 

I03 

10 

21 

3i 

4i 

52 

62 

72 

82 

93 

103 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

1640 


GENERAL  TABLES 


N. 

O 

I 

2 

3 

4 

5 

6 

7 

3 

9 

DlffJ 
103 

430 

623249 

3353 

3456 

3559 

3663 

3766 

3869 

3973 

4076 

4179 

421 

4282 

4385 

4488 

4591 

4695 

4798 

4901 

5004 

5107 

52IO 

103 

422 

5312 

5415 

55i8 

5621 

5724 

5827 

5929 

6032 

6135 

6238 

103  | 

423 

6340 

6443 

6546 

6648 

6751 

6853 

6956 

7058 

7161 

7263 

103 

424 

7366 

7468 

7571 

7673 

7775 

7878 

79S0 

8082 

81S5 

8287 

102 

425 

628389 

8491 

8593 

8695 

8797 

8900 

9002 

9104 

9206 

9508 

102 

426 

9410 

9512 

9613 

9715 

9817 

9919 

*002I 

*OI23 

*0224 

*0326 

102 

427 

630428 

0530 

0631 

0733 

0835 

0936 

IO38 

"39 

124 1 

1342 

102 

428 

1444 

1545 

1647 

1748 

1849 

1951 

2052 

2153 

2255 

2356 

101 

429 

2457 

2559 

2660 

2761 

2862 

2963 

3064 

3165 

3266 

3367 

101 

43° 

63346S 

3569 

3670 

3771 

3872 

3973 

4074 

4175 

4276 

4376 

101 

43i 

4477 

4578 

4679 

4779 

4880 

4981 

5081 

5182 

5283 

5383 

101 

432 

5484 

5584 

5685 

5785 

5886 

5986 

6087 

6187 

6287 

638S 

100 

433 

64S8 

6588 

6688 

67S9 

6889 

6989 

70S9 

7189 

729O 

7390 

100 

434 

7490 

7590 

7690 

7790 

7890 

7990 

809O 

Slqo 

829O 

8389 

100 

435 

638489 

8589 

8689 

8789 

8888 

8988 

90S8 

9188 

.92S7 

9337 

100 

436 

9486 

9586 

9686 

9785 

9885 

99S4 

*ooS4 

*0lS3 

*02S3 

♦0382 

99 

437 

640481 

0581 

0680 

0779 

0879 

0978 

1077 

1177 

1276 

1375 

99 

438 

1474 

1573 

1672 

1771 

1871 

1970 

2069 

2I6S 

2267 

2366 

99 

439 

2465 

2563 

2662 

2761 

2S60 

2959 

3058 

3156 

3255 

3354 

99 

440 

643453 

3551 

3650 

3749 

3847 

3946 

4044 

4143 

4242 

434o 

98 

441 

4439 

4537 

4636 

4734 

4S32 

4931 

5029 

5127 

5226 

5324 

98 

442 

5422 

5521 

5619 

5717 

5815 

59i3 

601 1 

6lIO 

6208 

6306 

98 

443 

6404 

6502 

6600 

6698 

6796 

6894 

6992 

7089 

71S7 

7285 

98 

444 

7383 

7481 

7579 

7676 

7774 

7872 

7969 

8067 

8165 

8262 

98 

445 

648360 

8458 

8555 

8653 

8750 

8848 

8945 

9043 

9140 

9237 

97 

446 

9335 

9432 

9530 

9627 

9724 

9S21 

9919 

*ooi6 

*oii3 

*02I0 

97 

447 

65030S 

0405 

0502 

0599 

0696 

0793 

0890 

09S7 

1084 

Il8l 

97 

448 

1278 

1375 

1472 

1569 

1666 

1762 

IS59 

1956 

2053 

2I50 

97 

449 

2246 

2343 

2440 

2536 

2633 

2730 

2S26 

2923 

3019 

3II6 

97 

450 

653213 

3309 

3405 

3502 

3598 

3695 

3791 

3SS8 

3984 

4080 

96 

451 

4177 

4273 

4369 

4465 

4562 

4658 

4754 

4850 

4946 

5042 

96 

452 

5133 

5235 

5331 

5427 

5523 

56i9 

57i5 

5810 

5906 

6002 

96 

453 

609S 

6194 

6290 

63S6 

6482 

6577 

6673 

6769 

6S64 

6960 

96 

454 

7056 

7152 

7247 

7343 

7438 

7534 

7629 

7725 

7820 

79l6 

96 

455 

65S011 

8107 

8202 

8298 

8393 

8488 

8584 

8679 

S774 

887O 

95 

456 

8965 

9060 

9135 

9250 

9346 

9441 

9536 

9631 

9726 

982I 

95 

457 

9916 

*OOII 

*oio6 

*020I 

*0296 

*039i 

♦0486 

*05Si 

*o676 

*°77I 

95 

458 

660865 

0960 

1055 

I I5O 

1245 

1339 

1434 

1529 

1623 

1718 

95 

459 

1813 

1907 

2002 

2096 

2191 

2286 

2380 

2475 

2569 

2663 

95 

460 

66275S 

2852 

2947 

3041 

3135 

3230 

3324 

34i8 

3512 

3607 

94 

461 

37oi 

3795 

3889 

3983 

4078 

4172 

4266 

4360 

4454 

4548 

94 

462 

4642 

4736 

4830 

4924 

5018 

5112 

5206 

5299 

5393 

54S7 

94 

463 

558l 

5675 

5769 

5862 

5956 

6050 

6143 

6237 

6331 

6424 

94 

464 

651S 

6612 

6705 

6799 

6S92 

69S6 

7079 

7173 

7266 

7360 

94 

IT. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

s 

9 

Diff. 

104 

10 

21 

31 

42 

52 

62 

73 

33 

94 

104  I 

GO 

103 

10 

21 

31 

41 

52 

62 

72 

82 

93 

103  1 

tf 

102 

10 

20 

31 

41 

51 

61 

7i 

82 

92 

10a 

< 

101 

10 

20 

30 

40 

51 

61 

71 

81 

9i 

101 

d 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

cC 

99 

10 

20 

30 

40 

50 

59 

69 

79 

89 

3 

0 

98 

10 

20 

29 

39 

49 

59 

69 

78 

88 

a 

9l 

10 

19 

29 

39 

49 

53 

6S 

78 

87 

97 

Pi 

96 

10 

19 

29 

38 

48 

58 

67 

77 

86 

o5 

95 

10 

19 

29 

38 

48 

57 

67 

76 

S6 

95 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff 

LOGARITHMIC  NUMBERS 


1641 


N. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

(65 

667453 

7546 

7640 

7733 

7826 

7920 

8013 

8106 

8199 

8293 

93 

[66 

8386 

8479 

S572 

8665 

8759 

8852 

8945 

9038 

.9131 

9224 

93 

(67 

9317 

9410 

9503 

9596 

9689 

9782 

9875 

9967 

*oo6o 

*oi53 

93 

[68 

670246 

0339 

0431 

0524 

0617 

0710 

0802 

0895 

0988 

1080 

93 

,69 

1 173 

1265 

1358 

1451 

1543 

1636 

1728 

1821 

I9!3 

2005 

93 

.70 

672098 

2190 

2283 

2375 

2467 

2560 

2652 

2744 

2836 

2929 

92 

71 

3021 

3"3 

3205 

3297 

339° 

3482 

3574 

3666 

3758 

3850 

92 

72 

3942 

4034 

4126 

4218 

4310 

4402 

4494 

4586 

4677 

4769 

92 

73 

4861 

4953 

5045 

5137 

5228 

5320 

5412 

5503 

5595 

5687 

92 

74 

5778 

5870 

5962 

6053 

6145 

6236 

6328 

6419 

6511 

6602 

92 

75 

676694 

6785 

6876 

6968 

7°59 

7151 

7242 

7333 

7424 
8336 

75i6 

91 

76 

7607 

7698 

7789 

7881 

7972 

8063 

8154 

8245 

8427 

91 

77 

8518 

8609 

8700 

8791 

8882 

8973 

9064 

9T55 

9246 

9337 

91 

78 

9428 

9519 

9610 

9700 

9791 

9882 

9973 

*oo63 

*oi54 

*0245 

91 

79 

6S0336 

0426 

°5J7 

0607 

0698 

0789 

0879 

0970 

1060 

1151 

91 

80 

681241 

1332 

1422 

1513 

1603 

1693 

1784 

1874 

1964 

2055 

90 

81 

2145 

2235 

2326 

2416 

2506 

2596 

2686 

2777 

2867 

2957 

90 

82 

3047 

3137 

3227 

3317 

3407 

3497 

3587 

3677 

3767 

3857 

90 

83 

3947 

4037 

4127 

4217 

4307 

4396 

44S6 

4576 

4666 

4756 

90 

8J 

4845 

4935 

5025 

5"4 

5204 

5294 

5383 

5473 

5563 

5652 

90 

85 

685742 

5831 

5921 

6010 

6100 

6189 

6279 

6368 

6458 

6547 

89 

86 

6636 

6726 

6S15 

6904 

6994 

70S3 

7172 

7261 

7351 

7440 

89 

87 

7529 

7618 

7707 

7796 

7886 

7975 

8064 

8i53 

8242 

8331 

89 

88 

8420 

8509 

8598 

8687 

8776 

8865 

8953 

9042 

9131 

9220 

89 

89 

9309 

9398 

9486 

9575 

9664 

9753 

9841 

9930 

*ooi9 

*oio7 

89 

90 

690196 

0285 

0373 

0462 

0550 

0639 

0728 

0816 

0905 

0993 

89 

9i 

1081 

I 1 70  1258 

1347 

1435 

1524 

1612 

1700 

1789 

1877 

88 

92 

1965 

2053 

2142 

2230 

2318 

2406 

2494 

2583 

2671 

2759 

88 

93 

2847 

2935 

3023 

3111 

3i99 

3287 

3375 

3463 

3551 

3639 

88 

94 

3727 

3815 

3903 

3991 

4078 

4166 

4254 

4342 

4430 

4517 

88 

95 

694605 

4693 

4781 

4868 

4956 

5044 

5i3i 

5219 

5307 

5394 

88 

96 

5482 

5569 

5657 

5744 

5832 

59i9 

6007 

6094 

6182 

6269 

87 

97 

6356 

6444 

6531 

6618 

6706 

6793 

6SS0 

6968 

7°55 

7142 

87 

98 

7229 

7317 

7404 

7491 

7578 

7665 

7752 

7839 

7926 

8014 

87 

99 

8101 

8188 

8275 

8362 

8449 

8535 

8622 

8709 

8796 

8883 

87 

00 

698970 

9°57 

9144 

9231 

9317 

9404 

9491 

9578 

9664 

9751 

87 

01 

9838 

9924 

*OOII 

*oo98 

*oi84 

*027I 

*0358 

*0444 

^531 

*o6i7 

87 

02 

700704 

0790 

0877 

0963 

1050 

1 136 

1222 

1309 

1395 

1482 

86 

03 

1568 

1654 

1741 

1827 

1913 

1999 

20S6 

2172 

2258 

2344 

86 

04 

2431 

2517 

2603 

26S9 

2775 

2S6I 

2947 

3°33 

3H9 

3205 

86 

05 

703291 

3377 

3463 

3549 

3635 

3721 

3807 

3893 

3979 

4065 

86 

06 

4151 

4236 

4322 

4408 

4494 

4579 

4665 

4751 

4837 

4922 

86 

07 

5008 

5094 

5179 

5265 

5350 

5436 

5522 

5607 

5693 

5778 

86 

08 

5864 

5949 

6035 

6120 

6206 

6291 

6376 

6462 

6547 

6632 

85 

09 

67  iS 

6S03 

6888 

6974 

7059 

7144 

7229 

7315 

7400 

7485 

85 

ST. 

Diff.  1   1 

2 

3    4 

5 

6 

7 

8 

9 

Diff. 

94 

9 

19 

28 

38 

47 

56 

66 

75 

85 

94 

CO 
H 

< 

93 

9 

19 

28 

37 

47 

56 

65 

74 

84 

93 

92 

9 

18 

28 

37 

46 

55 

64 

74 

83 

93 

91 

9 

18 

27 

36 

46 

55 

64 

73 

82 

9i 

b 

90 

9 

18 

27 

36 

45 

54 

63 

72 

81 

90 

cC 

& 

9 

18 

27 

36 

45 

53 

62 

71 

80 

8g 

O 

88 

9 

18 

26 

35 

44 

53 

62 

70 

79 

88 

87 

9 

17 

26 

35 

44 

52 

61 

70 

78 

87 

a, 

86 

9 

17 

26 

34 

43 

52 

60 

69 

77 

86 

85 

9 

17 

26 

34 

43 

5i 

60 

68 

77 

85 

Diff. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

1642 


GENERAL  TABLES 


N. 


5io 
5" 
513 
513 

515 
5i6 
517 
5i8 

5*9 
520 
521 
522 
523 
524 
525 
526 

527 
528 

529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 

55° 
55i 
552 
553 
554 


N. 


707570 
8421 
9270 

710117 
0963 

711S07 
2650 
3491 
4330 
5167 

716003 


7671 
8502 

9331 
720159 
09S6 
1811 
2634 
3456 
724276 

5095 
5912 
6727 
7541 

728354 
9i65 
9974 

730782 

1589 

732394 
3197 
3999 
4800 

5599 
736397 
7193 
7987 
8781 
9572 

740363 
1152 

1939 
2725 
35io 


7655 
8506 

9355 
0202 
1048 
1892 
2734 
3575 
4414 

5251 
6087 
6921 
7754 
8585 
9414 
0242 
1068 

1893 
2716 

3538 

4358 
5176 

5993 
6809 
7623 

8435 
9246 
"0055 
0863 
1669 

2474 
3278 
4079 
4880 

5679 
6476 
7272 
8067 
8860 
9651 

0442 
1230 
2018 
2804 
3588 


7740 

8591 
9440 
0287 
1132 
1976 
2818 
3659 
4497 
5335 
6170 
7004 
7837 


9497 
0325 
"51 
1975 
2798 
3620 

4440 
5258 
6075 
6890 
7704 
8516 

9327 
"0136 
0944 
1750 

2555 
3358 
4160 
4960 
5759 
6556 
7352 
8146 

8939 
9731 
0521 
1309 
2096 
2882 
3667 


7826 
8676 

9524 
0371 
1217 
2060 
2902 
3742 
458i 
54i8 

6254 
7088 
7920 

8751 
95S0 
0407 

1233 
2058 
2881 
3702 

4522 
5340 
6156 
6972 
7785 
8597 
9408 

*02I7 

1024 

IS30 

2635 
3438 

4240 

5040 

5838 
6635 
7431 
8225 

9018 
9810 

0600 

1388 
2175 

2961 
3745 


791 1 
8761 
9609 
0456 

1301 
2144 
2986 
3826 
4665 
5502 

6337 
7171 
8003 


9663 
0490 
1316 
2140 
2963 
3784 
4604 
5422 
6238 

7053 
7866 


7996 


^0293 
1 105 
1911 

2715 
35i8 
4320 
5120 
59i8 
6715 
75" 
8305 
9097 
9SS9 

0678 
1467 
2254 
3039 
3823 


9694 
0540 

1385 
2229 

3070 
3910 

4749 
55^6 

6421 

7254 
80S6 
8917 
9745 
0573 
1398 
2222 

3045 
3866 

4685 

5503 
6320 

7134 
7948 
8759 
9570 
*o378 
1 186 
1991 

2796 
3598 
4400 
5200 
5998 
6795 
7590 
8384 
9177 
996S 

0757 
1546 
2332 
3"8 
39°2 


Diff. 


79 


Diff. 


26 
26 
25 
25 
25 
24 
24 

24 


32 


34 

43 

34 

43 

34 

42 

33 

42 

33 

41 

32 

41 

32 

40 

40 


8081 

8931 

9779 
0625 
1470 
2313 
3i54 
3994 
4833 
5669 

6504 
7338 
8169 
9000 
9828 

0655 
1481 

2305 
3127 

3948 

4767 
55S5 
6401 
7216 
8029 
8841 

*965i 

^459 

1266 

2072 

2876 

3679 
4480 

5279 
6078 

6874 
7670 

8463 

9256 

*oo47 

0836 
1624 
2411 
3196 
3980 


8166 

9°iS 

9863 
0710 
1554 
2397 
3238 
4078 
4916 
5753 
6588 
7421 

8253 
9083 

99" 
0738 

1563 
2387 
3209 
4030 

4849 
5667 
6483 

7297 
8110 
8922 
9732 
*0540 

1347 
2152 

2956 

3759 
4560 

5359 
6i57 
6954 
7749 
8543 
9335 

*OI26 

0915 
1703 

2489 
3275 
4058 


8251 

9100 

9948 
0794 
1639 
2481 
3323 

4162 
5000 

5836 

6671 

7504 

8336 

9^5 
9994 
0821 
1646 
2469 
3291 
41 12 

4931 
5748 
6564 

7379 
8191 
9003 

.9813 

*o62i 

I42S 

2233 

3037 
3839 

4640 

5439 
6237 

7034 
7829 
8622 
9414 

*0205 

0994 
1782 
2568 

3353 
4136 


8336 
9185 
*oo33 
0879 
1723 
2566 

3407 
4246 
5084 
5920 

6754 
7.587 
8419 
9248 
♦0077 
0903 
172S 
2552 
3374 
4194 

5°i3 
5830 
6646 
7460 
8273 
9084 
9893 

*0702 

1508 
23!3 

3"7 
39i9 
4720 

5519 
6317 
7"3 
7908 
8701 

9493 
*02S4 

1073 
i860 
2647 
3431 
4215 


5^ 
5i 
50 
50 

49 

49 
4S 

47 


60 

60 

59 
58 
57 

57 
50 

55 


69 
68 

67 
66 
66 

65 
64 

63 


Di 


71 


77 

6 

77 

H 

76 

a 

75 

a 

74 

a 

73 

a 

72 

a 

Dil 


LOGARITHMIC  NUMBERS 


1643 


N. 
555 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

744293 

4371 

4449 

4528 

4606 

4684 

4762 

4840 

4919 

4997 

78 

556 

5°75 

5153 

5231 

5309 

5387 

5465 

5543 

5621 

5699 

5777 

78 

557 

5855 

5933 

601 1 

6089 

6167 

6245 

6323 

6401 

6479 

6556 

78 

558 

6634 

6712 

6790 

6868 

6945 

7023 

7101 

7179 

7256 

7334 

78 

559 

7412 

7489 

7567 

7645 

7722 

7800 

7878 

7955 

8033 

8110 

78 

560 

748188 

8266 

8343 

8421 

8498 

8576 

8653 

8731 

8808 

8885 

77 

561 

8963 

9040 

9118 

9J95 

9272 

935° 

9427 

9504 

9582 

9659 

77 

562 

9736 

9814 

9891 

9968 

*oo45 

♦0123 

*0200 

*0277 

*0354 

♦0431 

77 

563 

750508 

05S6 

0663 

0740 

0817 

0894 

O97I 

1048 

1125 

1202 

77 

564 

1279 

1356 

1433 

1510 

1587 

1664 

1741 

1818 

1895 

1972 

77 

565 

752048 

2125 

2202 

2279 

2356 

2433 

2509 

2586 

2663 

2740 

77 

566 

2816 

2893 

2970 

3°47 

3123 

3200 

3277 

3353 

3430 

35o6 

77 

567 

3583 

3660 

3736 

3813 

3889 

3966 

4042 

4119 

4195 

4272 

77 

568 

4348 

4425 

45oi 

4578 

4654 

4730 

4807 

4883 

4960 

5036 

76 

569 

5112 

5189 

5265 

5341 

5417 

5494 

5570 

5646 

5722 

5799 

76 

57° 

755875 

5951 

6027 

6103 

6180 

6256 

6332 

6408 

6484 

6560 

76 

57i 

6636 

6712 

6788 

6864 

6940 

7016 

7092 

7168 

7244 

7320 

76 

572 

7396 

7472 

7548 

7624 

7700  7775 

7851 

7927 

8003 

8079 

76 

573 

8155 

8230 

8306 

8382 

8458 

8533 

8609 

8685 

8761 

8836 

76 

574 

8912 

8988 

9063 

9X39 

9214 

9290 

9366 

9441 

9517 

9592 

76 

575 

759668 

9743 

9819 

9894 

9970 

*oo45 

*OI2I 

♦0196 

♦0272 

♦0347 

75 

576 

760422 

0498 

0573 

0649 

0724 

0799 

0875 

0950 

1025 

IIOI 

75 

577 

1176 

1251 

1326 

1402 

1477 

1552 

I627 

1702 

1778 

1853 

75 

578 

1928 

2003 

2078 

2153 

2228 

2303 

2378 

2453 

2529 

2604 

75 

:?9 

2679 

2754 

2829 

2904 

2978 

3053 

3128 

3203 

3278 

3353 

75 

■\8g 

763428 

3503 

3578 

3653 

3727 

3802 

3877 

3952 

4027 

4101 

75 

J8i 

4176 

4251 

4326 

4400 

4475 

4550 

4624 

4699 

4774 

4848 

75 

j82 

4923 

4998 

5°72 

5147 

5221 

5296 

5370 

5445 

5520 

5594 

75 

583- 

5669 

5743 

5S18 

5892 

5966 

6041 

6lI5 

6190 

6264 

6338 

74 

>84 

6413 

6487 

6562 

6636 

6710 

6785 

6859 

6933 

7007 

7082 

74 

585 

767156 

7230 

7304 

7379 

7453 

7527 

760I 

7675 

7749 

7823 

74 

iS6 

7898 

7972 

8046 

8120 

8i94 

8268 

8342 

8416 

8490 

8564 

74 

''ll 

8638 

8712 

8786 

8S60 

8934 

9008 

9082 

9J56 

9230 

9303 

74 

588 

9377 

9451 

9525 

9599 

9673 

9746 

982O 

9894 

9968 

♦0042 

74 

589 

770115 

0189 

0263 

0336 

0410 

0484 

0557 

0631 

0705 

0778 

74 

590 

770852 

0926 

0999 

1073 

1 146 

1220 

I293 

1367 

1440 

1514 

74 

W 

1587 

1661 

1734 

1808 

1881 

1955 

2028 

2102 

2175 

2248 

73 

>92 

2322 

2395 

2468 

2542 

2615 

2688 

2762 

2835 

2908 

2981 

73 

)93 

3055 

3128 

3201 

3274 

3348 

3421 

3494 

3567 

3640 

3713 

73 

594 

3786 

3860 

3933 

4006 

4079 

4152 

4225 

4298 

4371 

4444 

73 

595 

774517 

4590 

4663 

4736 

4809 

4882 

4955 

5028 

5100 

5J73 

73 

;g6 

5246 

5319 

5392 

5465 

5538 

5610 

5683 

5756 

5829 

5902 

73 

i97 

5974 

6047 

6120 

6193 

6265 

6338 

641 1 

6483 

6556 

6629 

73 

;g8 

6701 

6774 

6846 

6919 

6992 

7064 

7137 

7209 

7282 

7354 

73 

>99 

7427 

7499 

7572 

7644 

7717 

7789 

7862 

7934 

8006 

8079 

72 

Diflf.  1  1     2 

3    4    5 

6 

7 

8 

9 

Diff. 

CO 

H 

73 

8 

16 

23 

3i 

39 

47 

55 

62 

70 

78 

06 

77 

8 

15 

23 

3i 

39 

46 

54 

62 

69 

77 

< 

76 

8 

15 

23 

30 

38 

46 

53 

61 

68 

76 

0, 

75 

8 

15 

23 

30 

38 

45 

53 

60 

68 

75 

O 

74 

7 

15 

22 

30 

37 

44 

52 

59 

67 

74 

73 

7 

15 

22 

29 

37 

44 

5i 

58 

66 

73 

A 

72 

7 

14 

22 

29 

36 

43 

50 

58 

65 

7a 
Diff. 

Diff.    I 

2 

3 

4 

5 

6 

7 

8 

9 

1 644 


GENERAL  TABLES 


N. 

0 

I 

2 

3 

* 

5 

6 

7 

8 

9 

Diff. 

600 

778151 

8224 

8296 

8368 

8441 

8513 

8585 

8658 

8730 

8802 

72 

601 

8874 

8947 

9019 

9091 

9163 

9236 

9308 

9380 

9452 

9524 

72 

602 

9596 

9669 

9741 

9813 

9885 

9957 

♦0029 

*OIOl 

*oi73 

*0245 

72 

603 

780317 

0389 

0461 

0533 

0605 

0677 

0749 

0821 

0893 

0965 

72 

604 

1037 

1 109 

1181 

1253 

1324 

1396 

1468 

1540 

1612 

1684 

72 

605 

781755 

1827 

1899 

197 1 

2042 

2114 

2186 

2258 

2329 

2401 

72 

606 

2473 

2544 

2616 

2688 

2759 

2831 

2902 

2974 

3046 

3"7 

72 

607 

3189 

3260 

3332 

3403 

3475 

3546 

3618 

3689 

376i 

3832 

71 

608 

3904 

3975 

4046 

4118 

4189 

4261 

4332 

4403 

4475 

4546 

71 

6og 

4617 

46S9 

4760 

4831 

4902 

4974 

5°45 

51 16 

5187 

5259 

/  '■ 

610 

785330 

54oi 

5472 

5543 

5615 

5686 

5757 

5828 

5899 

597o 

1  * 

611 

6041 

6112 

6183 

6254 

6325 

6396 

6467 

6538 

6609 

6680 

71 

612 

6751 

6822 

6893 

6964 

7035 

7106 

7177 

7248 

7319 

739o 

71 

613 

7460 

7531 

7602 

7673 

7744 

7815 

7SS5 

7956 

8027 

8098 

71 

614 

8168 

8239 

8310 

8381 

8451 

8522 

8593 

8663 

8734 

8804 

7 [ 

615 

788875 

8946 

9016 

9087 

9X57 

9228 

9299 

9369 

9440 

95io 

7i 

616 

9581 

9651 

9722 

9792 

9863 

9933 

*ooo4 

*oo74 

*oi44 

*02I5 

70 

617 

7902S5 

0356 

0426 

0496 

0567 

0637 

0707 

0778 

0S48 

0918 

70 

618 

0988 

1059 

1 1 29 

1 199 

1269 

1340 

1410 

14S0 

I550 

1620 

70 

619 

1691 

1761 

1S31 

1901 

1971 

2041 

2111 

2181 

2252 

2322 

70 

620 

792392 

2462 

2532 

2602 

2672 

2742 

2812 

2882 

2952 

3022 

70 

621 

3092 

3162 

3231 

3301 

3371 

3441 

35i  1 

35Si 

3651 

3721 

7° 

622 

3790 

3860 

3930 

4000 

4070 

4139 

4209 

4279 

4349 

4418 

70 

623 

4488 

4558 

4627 

4697  4767 

4836 

4906 

4976 

5045 

5"5 

70 

624 

5185 

5254 

5324 

5393 

5463 

5532 

5602 

5672 

5741 

581 1 

70 

625 

795880 

5949 

6019 

6088 

6158 

6227 

6297 

6366 

6436 

6505 

69 

626 

6574 

6644 

6713 

6782 

6852 

6921 

6990 

7060 

7129 

7198 

69 

627 

7268 

7337 

7406 

7475 

7545 

7614 

7683 

7752 

7821 

7890 

69 

628 

7960 

8029 

8098 

8167 

8236 

8305 

8374 

8443 

8513 

8582 

69 

629 

8651 

8720 

8789 

8858 

8927 

8996 

9065 

9X34 

9203 

9272 

69 

630 

799341 

9409 

9478 

9547 

9616 

96S5 

9754 

9823 

9892 

9961 

69 

$31 

800029 

0098 

0167 

0236 

0305 

0373 

0442 

051 1 

05S0 

064S 

69 

632 

0717 

0786 

0854 

0923 

0992 

1061 

1 129 

1 198 

1266 

1335 

69 

633 

1404 

1472 

1541 

1609 

1678 

1747 

1815 

1884 

1952 

2021 

69  I 

634 

2089 

2158 

2226 

2295 

2363 

2432 

2SOO 

2568 

2637 

2705 

68  1 

635 

802774 

2842 

2910 

2979 

3°47 

3116 

3184 

3252 

3321 

3389 

68  1 

636 

3457 

3525 

3594 

3662 

3730 

3798 

3867 

3935 

4003 

4071 

68 

637 

4139 

4208 

4276 

4344 

4412 

44S0 

4548 

4616 

4685 

4753 

68 

638 

4S21 

4889 

4957 

5025 

5°93 

5161 

5229 

5297 

5365 

5433 

68 

639 

5501 

5569 

5637 

5705 

5773 

5841 

5908 

5976 

6044 

6112 

68 

640 

806180 

6248 

6316 

6384 

6451 

6519 

6587 

6655 

6723 

6790 

68 

641 

6858 

6926 

6994 

7061 

7129 

7197 

7264 

7332 

7400 

7467 

68 

642 

7535 

7603 

7670 

7738 

7806 

7873 

7941 

8008 

8076 

8143 

68 

643 

8211 

8279 

8346 

8414 

8481 

8549 

86l6 

8684 

8751 

8818 

67 

644 

8886 

8953 

9021 

9088 

9^6 

9223 

929O 

9358 

9425 

9492 

67 

645 

809560 

9627 

9694 

9762 

9829 

9896 

9964 

*oo3i 

♦009s 

♦0165 

67 

646 

810233 

0300 

0367 

0434 

0501 

0569 

0636 

0703 

0770 

0837 

67 

647 

0904 

0971 

1039 

1 106 

ii73 

1240 

I307 

1374 

1441 

1508 

67 

648 

1575 

1642 

1709 

1776 

1S43 

1910 

1977 

2044 

2111 

2178 

67 

649 

2245 

2312 

2379 

2445 

2512 

2579 

2646 

2713 

2780 

2847 

67 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

GO 

73 

7 

15 

22 

29 

37 

44 

51 

58 

66 

73 

H 

72 

7 

14 

22 

29 

36 

43 

50 

58 

65 

72 

A 

7i 

7 

14 

21 

28 

36 

43 

50 

57 

64 

71 

. 

70 

7 

14 

21 

28 

35 

42 

49 

56 

63 

70 

O 
04 

6g 

7 

14 

21 

28 

35 

41 

48 

55 

62 

6g 

a, 

68 

7 

14 

20 

27 

34 

41 

48 

54 

61 

68 

Diff.  - 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

LOGARITHMIC  NUMBERS 

1645 

N. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

67 

650 

812913 

2980 

3047 

3"4 

3181 

3247 

3314 

3381 

3448 

35i4 

651 

3581 

3648 

3714 

378i 

3848 

39H 

3981 

4048 

4114 

4181 

67 

652 

4248 

4314 

4381 

4447 

45i4 

4581 

4647 

4714 

4780 

4847 

67 

653 

4913 

4980 

5046 

5"3 

5i79 

5246 

5312 

5378 

5445 

55i  1 

66 

654 

5578 

5644 

5711 

5777 

5843 

5910 

5976 

6042 

6109 

6175 

66 

655 

816241 

6308 

6374 

6440 

6506 

6573 

6639 

6705 

6771 

6838 

66 

656 

6904 

6970 

7036 

7102 

7169 

7235 

7301 

7367 

7433 

7499 

66 

657 

7565 

7631 

7698 

7764 

7830 

7896 

7962 

8028 

8094 

8160 

66 

658 

8226 

8292 

8358 

8424 

8490 

8556 

8622 

8688 

8754 

8820 

66 

659 

8885 

8951 

9017 

9083 

9149 

9215 

9281 

9346 

9412 

9478 

66 

660 

819544 

9610 

9676 

9741 

9807 

9873 

9939 

*ooo4 

♦0070 

♦0136 

66 

661 

820201 

0267 

0333 

0399 

0464 

0530 

0595 

0661 

0727 

0792 

66 

662 

0858 

0924 

0989 

1055 

1120 

1186 

1251 

1317 

1382 

1448 

66 

663 

1514 

1579 

1645 

1710 

1775 

1841 

1906 

1972 

2037 

2103 

65 

664 

2168 

2233 

2299 

2364 

2430 

2495 

2560 

2626 

2691 

2756 

65 

665 

822S22 

2887 

2952 

3018 

3°83 

3148 

3213 

3279 

3344 

3409 

65 

666 

3474 

3539 

36°5 

3670 

3735 

3800 

3865 

3930 

3996 

4061 

65 

667 

4126 

4191 

4256 

4321 

43S6 

445i 

45i6 

4581 

4646 

4711 

65 

668 

4776 

4841 

4906 

4971 

5036 

5101 

5166 

5231 

5296 

536i 

65 

669 

5426 

5491 

5556 

5621 

56S6 

575i 

5815 

5880 

5945 

6010 

65 

670 

826075 

6140 

6204 

6269 

6334 

6399 

6464 

6528 

6593 

6658 

65 

671 

6723 

6787 

6852 

6917 

6981 

7046 

7111 

7175 

7240 

7305 

65 

672 

7369 

7434 

7499 

7563 

7628 

7692 

7757 

7821 

7886 

7951 

65 

673 

8015 

8080 

8144 

8209 

8273 

8338 

8402 

8467 

8531 

8595 

64 

674 

8660 

8724 

8789 

8853 

8918 

8982 

9046 

9111 

9*75 

9239 

64 

675 

829304 

9368 

9432 

9497 

956i 

9625 

9690 

9754 

9818 

9882 

64 

676 

9947 

*00II 

*oo75 

*oi39 

*0204 

*o268 

♦0332 

*0396 

♦0460 

♦0525 

64 

677 

830589 

o653 

0717 

0781 

0845 

0909 

0973 

1037 

1102 

1 166 

64 

678 

1230 

1294 

1358 

1422 

i486 

1550 

1614 

1678 

1742 

1806 

64 

679 

1870 

1934 

1998 

2062 

2126 

2189 

2253 

2317 

2381 

2445 

64 

680 

832509 

2573 

2637 

2700 

2764 

2828 

2892 

2956 

3020 

3083 

64 

681 

3147 

3211 

3275 

3338 

3402 

3466 

3530 

3593 

3657 

3721 

64 

682 

3784 

3848 

3912  3975 

4°39 

4103 

4166 

4230 

4294 

4357 

64 

683 

4421 

4484 

4548 

461 1 

4675 

4739 

4802 

4866 

4929 

4993 

64 

684 

5056 

5120 

5183 

5247 

53io 

5373 

5437 

5500 

5564 

5627 

63 

685 

835691 

5754 

5817 

5881 

5944 

6007 

6071 

6i34 

6197 

6261 

63 

686 

6324 

6387 

6451 

65U 

6577 

6641 

6704 

6767 

6830 

6894 

63 

687 

6957 

7020 

7083 

7146 

7210 

7273 

7336 

7399 

7462 

7525 

63 

688 

7588 

7652 

7715 

7778 

7S41 

7904 

7967 

8030 

8093 

8156 

6J 

689 

8219 

8282 

8345 

8408 

8471 

8534 

8597 

8660 

8723 

87S6 

63 

690 

838849 

8912 

8975 

9038 

9101 

9164 

9227 

9289 

9352 

9415 

63 

691 

9478 

9541 

9604 

9667 

9729 

9792 

9S55 

9918 

99S1 

*oo43 

63 

692 

840106 

0169 

0232 

0294 

0357 

0420 

0482 

0545 

0608 

0671 

63 

693 

0733 

0796 

0859 

0921 

0984 

1046 

1 109 

1172 

1234 

1297 

63 

694 

1359 

1422 

1485 

1547 

1610 

1672 

1735 

1797 

i860 

1922 

63 

695 

8419S5 

2047 

2110 

2172 

2235 

2297 

2360 

2422 

2484 

2547 

62 

696 

2609 

2672 

2734 

2796 

2859 

2921 

2983 

3046 

3108 

3170 

62 

697 

3233 

3295 

3357 

3420 

3482 

3544 

3606 

3669 

3731 

3793 

62 

698 

3855 

39i8 

3980 

4042 

4104 

4166 

4229 

4291 

4353 

4415 

62 

699 

1   4477 

4539 

4601 

4664 

4726 

4788 

4850 

4912 

4974 

5036 

62 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

67 

7 

13 

20 

27 

34 

40 

47 

54 

60 

67 

CU 

66 

7 

13 

20 

26 

33 

40 

46 

53 

59 

66 

65 

7 

13 

20 

26 

33 

39 

46 

52 

59 

65 

6 

64 

6 

13 

19 

25 

32 

38 

45 

5i 

58 

64 

& 

63 

6 

13 

19 

25 

32 

38 

44 

50 

57 

63 

a 

62 

6 

12 

19 

25 

3i 

37 

43 

50 

56 

62 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff". 

1646 


GENERAL  TABLES 


N. 

0 

X 

2 

3 

4 

5 

6 

7 

8 

9 

Dif 

700 

845098 

5160 

5222 

5284 

5346 

5408 

5470 

5532 

5594 

5656 

6; 

701 

57i8 

578o 

5842 

5904 

5966 

6028 

6090 

6151 

6213 

6275 

6; 

702 

6337 

6399 

6461 

6523 

6585 

6646 

6708 

6770 

6832 

6894 

6i 

703 

6955 

7017 

7079 

7141 

7202 

7264 

7326 

7388 

7449 

75i  1 

6: 

704 

7573 

7634 

7696 

7758 

7819 

7881 

7943 

8004 

8066 

8128 

6: 

7°5 

848189 

8251 

8312 

8374 

8435 

8497 

8559 

8620 

8682 

8743 

61 

706 

8805 

8866 

8928 

8989 

9051 

9112 

9X74 

9235 

9297 

9358 

6i 

707 

9419 

9481 

9542 

9604 

9665 

9726 

9788 

9849 

9911 

9972 

61 

708 

850033 

0095 

0156 

0217 

0279 

0340 

0401 

0462 

0524 

0585 

6i 

709 

0646 

0707 

0769 

0S30 

0891 

0952 

1014 

1075 

1136 

1 197 

6i 

710 

851258 

1320 

I38l 

1442 

1503 

1564 

1625 

1686 

1747 

1809 

6i 

711 

1870 

193 1 

1992 

2053 

2114 

2175 

2236 

2297 

2358 

2419 

6i 

71a 

2480 

2541 

2602 

2663 

2724 

2785 

2846 

2907 

2968 

3029 

6] 

713 

3090 

3150 

3211 

3272 

3333 

3394 

3455 

35i6 

3577 

3637 

6i 

7M 

3698 

3759 

3820 

3S81 

3941 

4002 

4063 

4124 

4185 

4245 

61 

715 

854306 

4367 

4428 

4488 

4549 

4610 

4670 

4731 

4792 

4852 

6) 

716 

4913 

4974 

5°34 

5095 

5156 

5216 

5277 

5337 

5398 

5459 

6) 

717 

5519 

558o 

5640 

5701 

576i 

5822 

5882 

5943 

6003 

6o<54 

61 

718 

6124 

6185 

6245 

6306 

6366 

6427 

64S7 

6548 

6608 

6668 

6c 

719 

6729 

6789 

6850 

6910 

6970 

7031 

7091 

7152 

7212 

7272 

6c 

720 

857332 

7393 

7453 

7513 

7574 

7634 

7694 

7755 

78i5 

7875 

6c 

721 

7935 

7995 

8056 

8116 

8176 

8236 

8297 

8357 

8417 

8477 

6 

722 

8537 

8597 

8657 

8718 

8778 

8838 

8898 

8958 

9018 

9078 

6c 

723 

9138 

9198 

9258 

9318 

9379 

9439 

9499 

..9559 

9619 

9679 

6c 

724 

9739 

9799 

9859 

9918 

9978 

*oo38 

♦0098 

*oi58 

*02l8 

*0278 

6c 

725 

860338 

0398 

0458 

0518 

0578 

0637 

0697 

0757 

0817 

0877 

6 

726 

0937 

0996 

1056 

1116 

1176 

1236 

1295 

1355 

1415 

1475 

6 

727 

1534 

1594 

1654 

1714 

1773 

1833 

1893 

1952 

2012 

2072 

6 

728 

2131 

2191 

2251 

2310 

2370 

2430 

2489 

2549 

2608 

2668 

6 

729 

2728 

2787 

2847 

2906 

2966 

3025 

30S5 

3H4 

3204 

3263 

6 

730 

863323 

3382 

3442 

3501 

356i 

3620 

36S0 

3739 

3799 

3858 

5' 

731 

39i7 

3977 

4036 

4096 

4155 

4214 

4274 

4333 

4392 

4452 

5 

732 

45i  1 

4570 

4630 

4689 

4748 

4808 

4867 

4926 

4985 

5045 

5 

733 

5104 

5i63 

5222 

5282 

5341 

5400 

5459 

5519 

5578 

5637 

5' 

734 

5696 

5755 

5814 

5874 

5933 

5992 

6051 

6110 

6169 

6228 

5' 

735 

866287 

6346 

6405 

6465 

6524 

6583 

6642 

6701 

6760 

6819 

5' 

736 

6878 

6937 

6996 

7055 

71 14 

7173 

7232 

7291 

735° 

7409 

5' 

737 

7467 

7526 

7585 

7644 

7703 

7762 

7821 

7880 

7939 

7998 

5' 

738 

8056 

8115 

8174 

8233 

8292 

8350 

8409 

8468 

8527 

8586 

5' 

739 

8644 

8703 

8762 

8821 

8879 

8938 

8997 

9056 

9114 

9*73 

5' 

740 

869232 

9290 

9349 

9408 

9466 

9525 

9584 

9642 

9701 

9760 

5' 

74i 

9818 

9877 

9935 

9994 

*oo53 

*0III 

♦0170 

*0228 

♦0287 

*0345 

5' 

742 

870404 

0462 

0521 

0579 

0638 

0696 

0755 

0813 

0872 

0930 

5: 

743 

0989 

1047 

1 106 

1 164 

1223 

1281 

1339 

1398 

1456 

1515 

5> 

744 

1573 

1631 

1690 

1748 

1806 

1865 

1923 

I98I 

2040 

2098 

5> 

745 

872156 

2215 

2273 

2331 

2389 

2448 

2506 

2564 

2622 

2681 

5' 

746 

2739 

2797 

2855 

2913 

2972 

3030 

30S8 

3146 

3204 

3262 

5- 

747 

3321 

3379 

3437 

3495 

3553 

361 1 

3669 

3727  - 

3785 

3844 

5' 

748 

3902 

3960 

4018 

4076 

4134 

4192 

4250 

430S 

4366 

4424 

5' 

749 

4482 

4540 

459s 

4656 

47H 

4772 

4S30 

4SS3 

4945 

5003 

5; 

N. 

Diff.    1 

J 

4 

5 

G 

7 

8 

- 

Dif 

CO 

H 

62 

6 

12 

19 

25 

31 

37 

43 

50 

56 

62 

Oh 

61 

6 

12 

18 

24 

31 

37 

43 

49 

55 

61 

60 

6 

12 

18 

24 

30 

36 

42 

4S 

54 

6c 

O 

59 

6 

12 

18 

24 

30 

35 

41 

47 

53 

1 

ft 

58 

6 

12 

17 

23 

29 

35 

4i 

46 

53 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Dif 

LOGARITHMIC  NUMBERS 


1647 


N. 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

'5° 

87506I 

5"9 

5177 

5235 

5293 

5351 

5409 

5466 

5524 

5582 

58 

5i 

5640 

5698 

5756 

5813 

5871 

5929 

5987 

6045 

6102 

6160 

5S 

52 

62l8 

6276 

6333 

6391 

6449 

6507 

6564 

6622 

6680 

6737 

58 

53 

6795 

6853 

6910 

6968 

7026 

7083 

7141 

7199 

7256 

73H 

58 

54 

7371 

7429 

7487 

7544 

7602 

7659 

7717 

7774 

7832 

7889 

58 

55 

877947 

8004 

8062 

8119 

8177 

8234 

8292 

8349 

8407 

8464 

57 

56 

8522 

8579 

8637 

8694 

8752 

8809 

8866 

8924 

8981 

9°39 

57 

57 

9O96 

9153 

9211 

9268 

9325 

9383 

9440 

9497 

9555 

9612 

57 

58 

9669 

9726 

9784 

9841 

9898 

9956 

*ooi3 

♦0070 

♦0127 

*oi85 

57 

59 

880242 

0299 

0356 

0413 

0471 

0528 

0585 

0642 

0699 

0756 

57 

60 

8808I4 

0871 

0928 

0985 

1042 

1099 

1156 

1213 

1271 

1328 

57 

61 

1335 

1442 

1499 

1556 

1613 

1670 

1727 

1784 

184 1 

1898 

57 

62 

1955 

2012 

2069 

2126 

2183 

2240 

2297 

2354 

2411 

2468 

57 

63 

2525 

2581 

2638 

2695 

2752 

2809 

2866 

2923 

2980 

3037 

57 

64 

3093 

3150  ' 

3207 

3264 

3321 

3377 

3434 

3491 

3548 

3605 

57 

65 

88366I 

37i8  | 

3775 

3832 

3888 

3945 

4002 

4059 

4115 

4172 

57 

66 

4229 

42S5 

4342 

4399 

4455 

4512 

4569 

4625 

4682 

4739 

57 

4795 

4852 

4909 

4965 

5022 

5078 

5135 

5192 

5248 

5305 

57 

68 

536i 

54i8 

5474 

5531 

5587 

5644 

5700 

5757 

5813 

5870 

57 

69 

5926 

5983 

6039 

6096 

6152 

6209 

6265 

6321 

6378 

6434 

56 

7o 

886491 

6547 

6604 

6660 

6716 

6773 

6829 

6885 

6942 

6998 

56 

n 

7054 

7111 

7167 

7223 

7280 

7336 

7392 

7449 

7505 

756i 

56 

72 

7617 

7674 

7730 

7786 

7842 

7898 

7955 

801 1 

8067 

8123 

56 

73 

8179 

8236 

8292 

8348 

8404 

8460 

8516 

8573 

8629 

8685 

56 

74 

8741 

8797 

8853 

8909 

8965 

9021 

9077 

9134 

9190 

9246 

56 

75 

889302 

9358 

9414 

9470 

9526 

95S2 

9638 

9694 

9750 

1  9806 

56 

76 

9862 

9918 

9974 

♦0030 

*ooS6 

*oi4i 

*oi97 

*0253 

♦0309 

♦0365 

56 

77 

890421 

0477 

0533 

0589 

0645 

0700 

0756 

0812 

0868 

0924 

56 

78 

0980 

1035 

1091 

1 147 

1203 

1259 

1314 

1370 

1426 

1482 

56 

79 

1537 

1593 

1649 

1705 

1760 

1816 

1872 

1928 

1983 

2039 

56 

80 

892095 

2150 

2206 

2262 

2317 

2373 

2429 

2484 

2540 

2595 

56 

81 

2651 

2707 

2762 

2818 

2873 

2929 

2985 

3040 

3096 

3i5i 

56 

82 

3207 

3262 

33i8 

3373 

3429 

3484 

354o 

3595 

3651 

3706 

56 

83 

3762 

3817 

3873 

3928 

3984 

4039 

4094 

4150 

4205 

4261 

55 

!4 

43i6 

4371 

4427 

4482 

4538 

4593 

4648 

4704 

4759 

4814 

55 

85 

894870 

4925 

4980 

5036 

5091 

5146 

5201 

5257 

5312 

5367 

55 

86 

5423 

5478 

5533 

5588 

5644 

5699 

5754 

5809 

5864 

5920 

55 

87 

5975 

6030 

6085 

6140 

6i95 

6251 

6306 

6361 

6416 

6471 

55 

88 

6526 

6581 

6636 

6692 

6747 

6802 

6857 

6912 

6967 

7022 

55 

89 

7077 

7132 

7187 

7242 

7297 

7352 

7407 

7462 

7517 

7572 

55 

90 

897627 

7682 

7737 

7792 

7847 

7902 

7957 

8012 

8067 

8122 

55 

9i 

8176 

8231 

8286 

8341 

8396 

8451 

8506 

8561 

8615 

8670 

55 

92 

8725 

8780 

8835 

8890 

8944 

8999 

9°54 

9109 

9164 

9218 

55 

93 

9273 

9328 

9383 

9437 

9492 

9547 

9602 

9656 

9711 

9766 

55 

94 

9821 

9875 

993° 

9985 

*oo39 

*oo94 

*oi49 

*0203 

♦0258 

*03I2 

55 

95 

900367 

0422 

0476 

0531 

0586 

0640 

0695 

0749 

0804 

0859 

55 

96 

0913 

0968 

1022 

1077 

1131 

1 186 

1240 

1295 

1349 

1404 

55 

97 

1458 

1513 

1567 

1622 

1676 

1731 

1785 

1840 

1894 

1948 

54 

98 

2003 

2057 

2112 

2166 

2221 

2275 

2329 

2384 

2438 

2492 

54 

99    2547 

2601 

2655 

2710 

2764 

2818 

2873 

2927 

2981 

3036 

54 

ST. 

Diff. 

I 

0 

3 

4    5 

6 

7 

8 

9 

Diff. 

H 

57 

6 

11 

17 

23 

29 

34 

40 

46 

51 

57 

CU 

56 

6 

11 

17 

22 

28 

34 

39 

45 

50 

56 

pi 

04 

55 

6 

11 

17 

22 

28 

33 

39 

44 

50 

55 

54 

5 

11 

16 

22 

27 

32 

38 

43 

49 

54 

Diff. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

— -1 

1648 

GENERAL  TABLES 

N. 
800 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

903090 

3144 

3199 

3253 

3307 

3361 

3416 

347° 

3524 

3578 

54 

801 

3633 

3687 

3741 

3795 

3849 

3904 

3958 

4012 

4066 

4120 

54 

802 

4174 

4229 

4283 

4337 

4391 

4445 

4499 

4553 

4607 

4661 

54 

803 

4716 

4770 

4824 

4878 

4932 

4986 

5040 

5094 

5148 

5202 

54 

804 

5256 

53io 

5364 

54i8 

5472 

5526 

558o 

5634 

5688 

5742 

54 

805 

905796 

5850 

5904 

5958 

6012 

6066 

6119 

6i73 

6227 

6281 

54 

806 

6335 

6389 

6443 

6497 

6551 

6604 

6658 

6712 

6766 

6820 

54 

807 

6874 

6927 

6981 

7035 

7089 

7M3 

71Q6 

7250 

7304 

7358 

54 

808 

741 1 

7465 

7519 

7573 

7626 

7680 

7734 

7787 

7841 

7895 

54 

809 

7949 

8002 

8056 

8110 

8163 

8217 

8270 

8324 

8378 

8431 

54 

810 

908485 

8539 

8592 

8646 

8699 

8753 

8807 

8860 

8914 

8967 

54 

811 

9021 

9074 

9128 

9181 

9235 

9289 

9342 

9396 

9449 

9503 

54 

8i3 

9556 

9610 

9663 

9716 

9770 

9823 

9877 

9930 

9984 

♦0037 

53 

813 

910091 

0144 

0197 

0251 

0304 

0358 

041 1 

0464 

0518 

0571 

53 

814 

0624 

0678 

0731 

0784 

0838 

0891 

0944 

0998 

1051 

1 104 

53 

815 

91 1 158 

1211 

1264 

1317 

1371 

1424 

1477 

I530 

1584 

1637 

53 

816 

1690 

1743 

1797 

1850 

1903 

1956 

2009 

2063 

2116 

2169 

53 

817 

2222 

2275 

2328 

2381 

2435 

2488 

2541 

2594 

2647 

2700 

53 

818 

2753 

2806 

2859 

2913 

2966 

3019 

3072 

3125 

3178 

3231 

53 

819 

3284 

3337 

3390 

3443 

3496 

3549 

3602 

3655 

3708 

376i 

53 

820 

913814 

3867 

3920 

3973 

4026 

4079 

4132 

4184 

4237 

4290 

53 

821 

4343 

4396 

4449 

4502 

4555 

4608 

4660 

4713 

4766 

4819 

53 

822 

4872 

4925 

4977 

5030 

5083 

5136 

5189 

5241 

5294 

5347 

53 

823 

5400 

5453 

5505 

5558 

561 1 

5664 

57i6 

5769 

5822 

5875 

53 

824 

5927 

5980 

6033 

6085 

6138 

6191 

6243 

6296 

6349 

6401 

53 

825 

916454 

6507 

6559 

6612 

6664 

6717 

6770 

6822 

6875 

6927 

53 

826 

6980 

7033 

7085 

7i38 

7190 

7243 

7295 

7348 

7400 

7453 

53 

827 

7506 

7558 

761 1 

7663 

7716 

7768 

7820 

7873 

7925 

7978 

52 

828 

8030 

8083 

8i35 

8188 

8240 

8293 

8345 

8397 

8450 

8502 

52 

829 

8555 

8607 

8659 

8712 

8764 

8816 

8869 

8921 

8973 

9026 

52 

830 

919078 

9130 

9183 

9235 

9287 

934o 

9392 

9444 

9496 

9549 

52 

831 

9601 

9653 

9706 

9758 

9810 

9S62 

9914 

9967 

♦0019 

♦0071 

52 

832 

920123 

0176 

0228 

0280 

0332 

0384 

0436 

0489 

0541 

0593 

52 

833 

0645 

0697 

0749 

0801 

0S53 

0906 

0958 

IOIO 

1062 

1114 

52 

834. 

1166 

1218 

1270 

1322 

1374 

1426 

1478 

1530 

1582 

1634 

52 

835 

921686 

1738 

1790 

1842 

1894 

1946 

1998 

2050 

2102 

2154 

52 

836 

2206 

2258 

2310 

2^62 

2414 

2466 

2518 

2570 

2622 

2674 

52 

837 

2725 

2777 

2829 

2881 

2933 

2985 

3°37 

3089 

3i4o 

3192 

52  ' 

838 

3244 

3296 

3348 

3399 

3451 

3503 

3555 

3607 

3658 

3710 

52 

839 

3762 

3814 

3865 

3917 

3969 

4021 

4072 

4124 

4176 

4228 

52 

840 

924279 

4331 

4383 

4434 

4486 

4538 

4589 

4641 

4693 

4744 

52 

841 

4796 

4848 

4899 

4951 

5°°3 

5054 

5106 

5157 

5209 

5261 

52 

842 

5312 

5364 

5415 

5467 

55i8 

5570 

5621 

5673 

5725 

5776 

52  < 

843 

5828 

5879 

5931 

5982 

6034 

6085 

6137 

6188 

6240 

6291 

51  j 

844 

6342 

6394 

6445 

6497 

6548 

6600 

6651 

6702 

6754 

6805 

51  .' 

845 

926857 

6908 

6959 

7011 

7062 

71  u 

7165 

7216 

7268 

7319 

51  : 

846 

7370 

7422 

7473 

7524 

7576 

7627 

7678 

7730 

778i 

7832 

51  .: 

847 

7883 

7935 

7986 

8037 

8088 

8140 

8191 

8242 

8293 

8345 

51  : 

848 

8396 

8447 

8498 

8549 

8601 

8652 

8703 

8754 

8805 

8857 

51 

849 

8908 

8959 

9010 

9061 

9112 

9163 

9^5 

9266 

9317 

936S 

51  s 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

r 

Diff  - 

i 

55  " 

09 

H 

55 

6 

II 

17 

22 

28 

33 

39 

44 

50 

Oh 

54 

5 

II 

16 

22 

27 

32 

38 

43 

49 

54 

• 

53 

5 

II 

16 

21 

27 

32 

37 

42 

48 

53   : 

04 

53 

5 

10 

16 

21 

26 

3i 

36 

42 

47 

4 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff  ^ 

LOGARH 


929419 

993° 
930440 

0949 

1458 

931966 

2474 
2981 

3487 
3993 

934498 
5Q°3 
5507 
601 1 
6514 

9370K 

75i 
803 

85- 
90. 


9470 
9981 
0491 
1000 

1509 
2017 

2524 
3°3 
35.' 
4C 


9521 

*oo? 


^6943 
7434 
7924 
8413 

i-9  8902 


69, 
7483 
7973 
8462 

8951 


9390 

9439 

b878 

9926 

p3b5 

0414 

1*51 

0900 

F338 

1386 

[823 

1872 

I308 

2356 

■792 

2841 

27b 

3325 

I760 

3808 

fKZ 

5 

150 

5 

(9 

5 

.8 

5 

11 

I 

9 

Diff. 

46 

51  1 

45 

50  ! 

44 

49 

43 

481 

7 


ISLES 

7 

8 

9 

Di 

4580 

4628 

4677 

>62 

5110 

5158 

, 

3 

5592 

5640 

t 

6072 

6120 

1 

6553 

6601 

7032 

7080 

7512 

7559 

^990 

8038 

468 

8516 

>4fe 

8994 

947i 
^9947 
♦0423 

0899 

1374 
1848 
2322 

2795 
^268 

741 

1212 
S84 

"5 

49 

.Jl2 

4972 
975432 
5891 
6350 
6808 
7266 

oi74 
3636 
4097 
4558 
5018 
5478 
5937 
6396 
6854 
7312 

-/08.  1 
3220 

3632 

4  M3 
4604 
5064 
5524 
5983 
6442 
6900 
7358 

-O-T-6  . 
2804 

3266 
3728 
4189 
465O 
5110 
5570 
6029 
6488 
6946 
7403 

3313 

3774 
4235 
4696 

5156 
5616 

6075 
6533 
6992 

7449 

2897 

3359 
3820 
4281 
4742 
5202 
5662 
6121 
6579 
7°37 
7495 

34^ 
3866 

4327 
4788 
5248 
5707 
6167 
6625 
7083 
7541 

1 
2989 

345i 
39J3 
4374 
4834 
5294 
5753 
6212 
6671 
7129 
7586 

0 
1647 
21 10 
2573 

3°35 

3497 
3959 
4420 
4880 
5340 

5799 
6258 
6717 

7175 
7632 

I 
II 

2 

2' 

3' 

3 
4' 
4 
4 
5 
5 
6 
6 
7 

N. 

Diff.    1,2 

3 

4 

5 

6 

7 

8 

39 
38 
38 
37 

09 
H 
ft 

oi 
ft 

49 

48 

4£ 

5 
5 
5 
5 

10 

10 

9 

9 

15 
14 
14 
14 

20 
19 
19 

18 

1 

25 
24 
24 
23 

29 
29 
28 
28 

6 

34 
34 
33 
32 

1 

Diff. 

I 

2 

3 

4 

5 

7 

8 

LOGARITHMIC  NUMBERS 

1651 

N. 

0 

I 

1 

3 

4 

5 

6 

7 

8 

*  9 

Diff. 

95o 

977724 

7769 

7815 

7861 

7906 

7952 

7998 

8043 

8089 

8135 

46 

95i 

8181 

8226 

8272 

8317 

8363 

8409 

8454 

8500 

8546 

8591 

46 

1952 

8637 

8683 

8728 

8774 

8819 

8865 

891 1 

8956 

9002 

9047 

46 

953 

9°93 

9138 

9184 

9230 

275 

9321 

9366 

9412 

9457 

9503 

46 

954 

9548 

9594 

9639 

9685 

9730 

9776 

9821 

9867 

9912 

9958 

46 

955 

980003 

0049 

0094 

0140 

0185 

0231 

0276 

0322 

0367 

0412 

45 

956 

0458 

0503 

0549 

0594 

0640 

0685 

0730 

0776 

0821 

0867 

45 

957 

0912 

0957 

1003 

1048 

1093 

1139 

1 184 

1229 

1275 

1320 

45 

958 

1366 

1411 

1456 

1 501 

1547 

1592 

1637 

1683 

1728 

1773 

45 

959 

1819 

1864 

1909 

1954 

2000 

2045 

2090 

2135 

2181 

2226 

45 

960 

982271 

2316 

2362 

2407 

2452 

2497 

2543 

2588 

2633 

2678 

45 

961 

2723 

2769 

2814 

2859 

2904 

2949 

2994 

3040 

3o85 

3130 

45 

962 

3175 

3220 

3265 

3310 

3356 

3401 

3446 

3491 

3536 

3581 

45 

963 

3626 

3671 

3716 

3762 

3807 

3852 

3897 

3942 

3987 

4032 

45 

964 

4077 

4122 

4167 

4212 

4257 

4302 

4347 

4392 

4437 

4482 

45 

965 

984527 

4572 

4617 

4662 

4707 

4752 

4797 

4842 

4887 

4932 

45 

966 

4977 

5022 

5067 

5112 

5157 

5202 

5247 

5292 

5337 

5382 

45 

967 

5426 

5471 

5516 

5561 

5606 

5651 

5696 

5741 

57S6 

5830 

45 

1  968 

5875 

5920 

5965 

6010 

6055 

6100 

6144 

6189 

6234 

6279 

45 

1  969 

6324 

6369 

6413 

6458 

6503 

6548 

6593 

6637 

6682 

6727 

45 

1  97o 

986772 

6817 

6861 

6906 

6951 

6996 

7040 

7085 

7130 

7i75 

45 

1  971 

7219 

7264 

7309 

7353 

7398 

7443 

74S8 

7532 

7577 

7622 

45 

1  972 

7666 

7711 

7756 

7800 

7845 

7S90 

7934 

7979 

8024 

8068 

45 

973 

8113 

8i57 

8202 

8247 

8291 

8336 

8381 

8425 

8470 

8514 

45 

||974 

8559 

8604 

8648 

8693 

8737 

8782 

8826 

8871 

8916 

8960 

45 

1  975 

989005 

9049 

9094 

9138 

9183 

9227 

9272 

9316 

9361 

9405 

45 

976 

9450 

9494 

9539 

9583 

9628 

9672 

*97J7 

9761 

9806 

9850 

44 

977 

9895 

9939 

9983 

*0028 

*0072 

*oii7 

*oi6i 

*0206 

*0250 

*0294 

44 

978 

990339 

0383 

0428 

0472 

0516 

0561 

0605 

0650 

0694 

0738 

44 

979 

0783 

0827 

0871 

0916 

0960 

1004 

1049 

1093 

1137 

1 182 

44 

1  980 

991226 

1270 

1315 

1359 

1403 

1448 

1492 

1536 

1580 

1625 

44 

1  9Sl 

1669 

1713 

1758 

1802 

1846 

1890 

1935 

1979 

2023 

2067 

44 

1  982 

2111 

2156 

2200 

2244 

2288 

2333 

2377 

2421 

2465 

2509 

44 

l  933 

2554 

2598 

2642 

2686 

2730 

2774 

2819 

2863 

2907 

2951 

44 

■984 

2995 

3°39 

3083 

3127 

3172 

3216 

3260 

3304 

3348 

3392 

44 

.:985 

993436 

3480 

3524 

3568 

3613 

3657 

3701 

3745 

3789 

3833 

44 

j  986 

3877 

3921 

3965 

4009 

4053 

4097 

4141 

4185 

4229 

4273 

44 

::  987 

4317 

436i 

4405 

4449 

4493 

4537 

458i 

4625 

4669 

4713 

44 

j  988 

4757 

4801 

4845 

4889 

4933 

4977 

5021 

5065 

5108 

5152 

44 

3  989 

5^6 

5240 

5284 

5328 

5372 

54i6 

5460 

5504 

5547 

5591 

44 

i  990 

995635 

5679 

5723 

5767 

5811 

5854 

5898 

5942 

5986 

6030 

44 

E  991 

6074 

6117 

6161 

6205 

6249 

6293 

6337 

63S0 

6424 

6468 

44 

ii  992 

6512 

6555 

6599 

6643 

6687 

6731 

6774 

6S18 

6862 

6906 

44 

9  993 

6949 

6993 

7037 

7080 

7124 

7168 

7212 

7255 

7299 

7343 

44 

9  994 

7386 

7430 

7474 

7517 

756i 

7605 

7648 

7692 

7736 

7779 

44 

i  995 

997823 

7867 

7910 

7954 

7998 

8041 

8085 

8129 

8172 

8216 

44 

y  996 

8259 

8303 

8347 

8390 

8434 

8477 

8521 

8564 

8608 

8652 

44 

9  997 

8695 

8739 

8782 

8826 

8869 

8913 

8956 

9000 

9°43 

9087 

44 

a  998 

9J3i 

9174 

9218 

9261 

9305 

9348 

9392 

9435 

9479 

9522 

44 

1  999 

9565 

9609 

9652 

9696 

9739 

9783 

9826 

9870 

9913 

9957 

43 

K. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

CO 

46 

5 

9 

14 

18 

23 

28 

32 

37 

41 

46 

fU 

45 

5 

9 

14 

18 

23 

27 

32 

36 

41 

45 

Pi 

44 

4 

9 

13 

18 

22 

26 

31 

35 

40 

44 

43 

4 

9 

13 

17 

22 

26 

30 

34 

39 

43 

Diff. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

1652 


GENERAL  TABLES 


N. 

O 

I 

2 

3 

4 

5 

6 

7 

8 

.• 

Diff. 

1000 

000000 

0043 

0087 

0130 

0174 

0217 

0260 

0304 

0347 

0391 

43 

1001 

0434 

0477 

0521 

0564 

0608 

0651 

0694 

0738 

0781 

0824 

43 

1002 

0868 

0911 

0954 

0998 

1041 

1084 

1128 

1171 

1214 

1258 

43 

1003 

1301 

1344 

1388 

1431 

1474 

1517 

1561 

1604 

1647 

1690 

43 

1004 

1734 

1777 

1820 

1863 

1907 

1950 

1993 

2036 

2080 

2123 

43 

1005 

002166 

2209 

2252 

2296 

2339 

2382 

2425 

2468 

2512 

2555 

43 

1006 

2598 

2641 

2684 

2727 

2771 

2814 

2857 

2900 

2943 

2986 

43 

1007 

3029 

3°73 

3116 

3159 

3202 

3245 

3288 

3331 

3374 

3417 

43 

1008 

34°  1 

3504 

3547 

3590 

3633 

3676 

3719 

3762 

3805 

3848 

43 

zoog 

3S91 

3934 

3977 

4020 

4063 

4106 

4149 

4192 

4235 

4278 

43 

IOIO 

004321 

4364 

4407 

445o 

4493 

4536 

4579 

4622 

4665 

4708 

43 

ion 

4751 

4794 

4837 

4880 

4923 

4966 

5009 

5052 

5095 

5138 

43 

1012 

5181 

5223 

5266 

5309 

5352 

5395 

5438 

5481 

5524 

5567 

43 

1013 

5609 

5652 

5695 

5738 

5781 

5824 

5867 

5909 

5952 

5995 

43 

1014 

6038 

6081 

6124 

6166 

6209 

6252 

6295 

6338 

6380 

6423 

43 

1015 

006466 

6509 

6552 

6594 

6637 

6680 

6723 

6765 

6808 

6851 

43 

1016 

6S94 

6936 

6979 

7022 

7065 

7107 

7*5° 

7193 

7236 

7278 

43 

1017 

732! 

7364 

7406 

7449 

7492 

7534  7577 

7620 

7662 

7705 

43 

1018 

7748 

7790 

7833 

7876 

7918 

7961 

8004 

8046 

8089 

8132 

43 

ioig 

8174 

8217 

8259 

8302 

8345 

8387 

8430 

8472 

8515 

8558 

43 

1020 

OO860O 

8643 

8685 

8728 

8770 

8813 

8856 

8898 

8941 

8983 

43 

102 1 

9026 

9068 

9111 

9153 

9196 

9238 

9281 

9323 

9366 

9408 

42 

1022 

9451 

9493 

9536 

9578 

9621 

9663 

9706 

9748 

9791 

9833 

42 

1023 

9876 

9918 

9961 

*ooo3 

*oo45 

*oo88 

*oi30 

♦0173 

*02I5 

♦0258 

42 

1024 

OIO3OO 

0342 

0385 

0427 

0470 

0512 

0554 

0597 

0639 

0681 

42 

1025 

010724 

0766 

0809 

0851 

0893 

0936 

0978 

1020 

1063 

1 105 

42 

1026 

1 147 

1190 

1232 

1274 

1317 

1359 

1401 

1444 

i486. 

1528 

42 

1027 

1570 

1613 

1655 

1697 

1740 

17S2 

1824 

1866 

1909 

1951 

42 

1028 

1993 

2035 

2078 

2120 

2162 

2204 

2247 

22S9 

2331 

2373 

42 

1029 

2415 

2458 

2500 

2542 

2584 

2626 

2669 

2711 

2753 

2795 

42 

1030 

OI2837 

2S79 

2922 

2964 

3006 

3048 

3090 

3132 

3174 

3217 

42 

1031 

3259 

33oi 

3343 

3385 

3427  3469 

35" 

3553 

3596 

3638 

42 

1032 

3680 

3722 

3764 

3806 

3848 

3890 

3932 

3974 

4016 

4058 

42 

1033 

4IOO 

4142 

4184 

4226 

4268 

43io 

4353 

4395 

4437 

4479 

42 

1034 

4521 

4563 

4605 

4647 

4689 

4730 

4772 

4814 

4856 

4898 

42 

1035 

OI494O 

4982 

5024 

5066 

5108 

5150 

5192 

5234 

5276 

53i8 

42 

1036 

536o 

5402 

5444 

5485 

5527 

5569 

561 1 

5653 

5695 

5737 

42 

1037 

5779 

5821 

5863 

5904 

5946 

5988 

6030 

6072 

6114 

6156 

42 

1038 

6197 

6239 

6281 

6323 

6365 

6407 

6448 

6490 

6532 

6574 

42 

1039 

6616 

6657 

6699 

6741 

6783 

6824 

6S66 

6908 

6950 

6992 

42 

1040 

017033 

7075 

7117 

7159 

7200 

7242 

7284 

7326 

7367 

7409 

42 

1041 

7451 

7492 

7534 

7576 

7618 

7659 

7701 

7743 

77S4 

7826 

42 

X042 

7868 

7909 

7951 

7993 

8034 

8076 

8118 

8159 

8201 

8243 

42 

1043 

8284 

8326 

8368 

8409 

8451 

8492 

8534 

8576 

8617 

8659 

42 

1044 

8700 

8742 

8784 

8825 

8867 

8908 

8950 

8992 

9°33 

9°75 

42 

1045 

019116 

9158 

9199 

9241 

9282 

9324 

9366 

9407 

9449 

9490 

42 

1046 

9532 

9573 

96i5 

9656 

9698 

9739 

9781 

9822 

9864 

9905 

41 

1047 

9947 

9988 

♦0030 

*oo7i 

♦0113 

*oi54 

*oi95 

*0237 

*0278 

♦0320 

41 

1048 

020361 

0403 

0444 

0486 

0527 

0568 

0610 

0651 

0693 

0734 

41 

1049 

0775 

0817 

0858 

0900 

0941 

0982 

1024 

1065 

1 107 

1148 

41 

1050 

02 1 189 

1231 

1272 

1313 

1355 

1396 

1437 

1479 

1520 

1561 

41 

N. 

Diff. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

H 

44 

4 

9 

13 

18 

22 

26 

31 

35 

40 

44 

43 

4 

9 

13 

17 

22 

26 

30 

34 

39 

43 

42 

•  4 

8 

13 

17 

21 

25 

29 

34 

38 

42 

04 
0t 

4i 

4 

8 

12 

16 

21 

25 

29 

33 

37 

4i 

■ 

Diff. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1653 
Table  of  Logarithmic  Sines — Cosines  179* 


M. 


o 
1 
2 
3 
4 
5 
6 

7 
8 

9 

10 
11 

12 
13 
14 
15 

16 

17 

18 

19 
20 
21 
22 

23 
24 

25 

26 
27 
28 
29 


Sin. 


D.  I' 


6.463726 
.764756 
.940847 
7.065786 
7.162696 
.241877 
.308824 
.366816 
.417968 

7.463726 
.505118 
.542906 
.577668 
.609853 

7-639816 

.667845 
.694173 
.718997 
.742478 

7-764754 
•785943 
.806146 
.825451 

.843934 
7.861662 
.878695 
.895085 
.910879 
.926119 

7.940842 
.955082 
.968870 
.982233 
.995198 

8.007787 
.020021 
.031919 
.043501 
.054781 

8.065776 
.076500 
.086965 
.097183 
.107167 

8. 1 16926 
.126471 
.135810 
•144953 
.153907 

8.162681 
.171280 
.179713 
.1879S5 
.196102 

8.204070 
.211895 
.219581 
.227134 

-234557 
8.241855 


Cos. 


5017.17 

2934.85 

2082.32 

1615.17 

1319-68 

1115-78 

966.53 

852.53 

762.63 

689.87 
629.80 
579-37 
536.42 
499-38 
467-I5 
438.80 

413.73 
39L35 
371.27 

353.15 
335.72 
321.75 
308.05 

295-47 
283.88 

273.17 
263.23 
254.00 
245.38 

237.33 
229.80 
222.72 
216.08 
209.82 
203.90 
198.30 
193.03 
188.00 
183.25 

178.73 
174.42 
170.30 
166.40 
162.65 
159.08 
155-65 
152.38 
149-23 
146.23 

143.32 
140.55 
137.87 
135.28 
132.80 
130.42 
128.10 
125.88 
123.72 
121.63 


D.  1' 


Cos. 


D.  i' 


10.000000 
.000000 
.000000 
.000000 
.000000 
10.000000 
9.999999 
.999999 

•999999 
.999999 

9.999998 
.999998 
•999997 
•999997 
.999996 

9.999996 
•999995 
•999995 
•999994 
•999993 

9.999993 
.999992 
.999991 
.999990 
.999989 

9.999989 
.999988 

•999987 
.9999S6 

•999985 

9-999983 
.999982 
.999981 
.999980 

•999979 
9.999977 
.999976 
•999975 
•999973 
•999972 

9.999971 
.999969 


.999966 

.999964 

9.999963 

.999961 

•999959 
.999958 

•999956 

9.999954 

•999952 

•999950 

.999948 

•999946 

9.999944 

.999942 

.999940 

•999938 

.999936 

9-999934 


Sin. 


.00 
.00 
.00 
.00 

.02 
.00 

.00 
.00 
.02 

.00 

.02 
.00 
.02 
.00 
.02 
.00 
.02 
.02 
.00 

.02 
.02 
.02 
.02 
•  OO 
.02 
.02 
.02 
.02 
.03 
.02 
.02 
.02 
.02 

•03 
.02 
.02 

•03 
.02 
.02 

•03 
.02 

.03 
.03 
.02 

•03 
.03 
.02 

•03 
.03 

•03 
•03 
.03 
.03 
•03 
.03 
•03 
.03 
.03 
.03 


Tan. 


D.  1' 


6.463726 
.764756 
•940847 
7.065786 
7.162696 
.241878 
.308S25 
.366817 
.417970 

7.463727 
.505120 

•542909 
.577672 
.609857 
7.639820 
.667849 
.694179 
.719003 
.742484 

7.764761 
•785951 
.806155 
.825460 

•843944 
7.861674 
.878708 
.895099 
.910894 
.926134 

7.940858 
.955100 


D.  I' 


.982253 

•995219 
8.007809 
.020044 
•031945 
•043527 
.054809 

8.065806 
.076531 
.0S6997 
.097217 
.107203 

8. 1 16963 
.126510 

•135851 
.144996 

.153952 

8.162727 

.171328 

.179763 

.188036 

.196156 

8.204126 

•2II953 
219641 
.227195 
.234621 
8.241921 


Cot. 


5017.17 
2934-85 
2082.32 
1615.17 

1319.70 
1115-78 
966.53 

852.55 
762.62 

689.88 
629.82 
579-38 
536.42 
499.38 
467.15 
438.83 
413.73 
39L35 
371-28 

353.17 
336.73 
321.75 
308.07 

295.50 
283.90 
273.18 
263.25 
254.00 
245.40 

237-37 
229.82 
222.73 
216.10 
209.83 
203.92 
198.35 
193-03 
188.03 
183.28 

178.75 
174.43 
170.33 
166.43 
162.67 
159.12 
155-68 
152.42 
149-27 
146.25 

143-35 
140.58 
137-88 
135-33 
132.83 

130.45 
128.13 

125.90 
123-77 
121.67 


Cot. 


3.536274 
•235244 
•059153 
2.934214 
2.837304 
.758122 
.691175 
•633183 
.582030 

2.536273 
.494880 
.457091 
.422328 

.390143 
2.360180 

•332I5I 
.305821 
.280997 
•257516 

2.235239 
.214049 

.193845 
.174540 
.156056 
2.138326 
.121292 
.104901 
.089106 
.073866 

2.059142 
.044900 
.031 1  ii 
.017747 
.004781 

1.992191 
.979956 
.96S055 

.956473 
.945191. 

1.934194 
.923469 
.913003 
.902783 
.892797 

1.883037 
.873490 
.864149 
.855004 
.846048 

1.837273 
.828672 
.820237 
.811964 
.803844 

I.795874 
.788047 

•780359 
.772805 

.765379 
I.758079 


D.  x' 


Tan. 


•  From  Allen's  "Field  and  Office  Tables."     Copyright. 
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GENERAL  TABLES 


M. 


Sin. 


o 
I 

2 

3 
4 
5 
6 

7 
8 

9 

io 
zi 

12 

13 
14 
15 
16 

17 

iS 

*9 

20 
21 
22 
23 

24 
25 

26 

27 

28 
29 

3° 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
46 

47 
48 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 


8. 241855 

.249033 
.256094 
. 263042 
.269SS1 
8.276614 
.283243 
.289773 
.296207 
.302546 

8.308794 

.314954 
.321027 
.327016 
.332924 

s. 338753 

.344504 
.350181 

.355733 

.361315 

8. 366777 

.372171 

•377499 
.382762 
.387962 
8.393101 
.398179 

.403199 
.408161 
.413068 

8.417919 
.422717 
.  4274.62 
.432156 
. 436S00 

8.441394 

.445941 
.450440 

.454893 
.459301 

8.463665 

.467985 
.472263 
.47649S 
.480693 
8.4S4848 
.488963 
.493040 
.497078 
.501080 

8.505045 
.50S974 
.512867 
.516726 

.520551 

8.524343 

.528102 

.531828 

.535523 

•539lS6 

8. 542819 

Cos. 


D.  i' 


U9.63 

117.68 
115.80 
113.98 
112.22 
110.48 
108. 83 
107. 23 
105. 65 
104. 13 

102. 67 
101.22 
99.82 
98.47 
97.15 
95.85 
94.62 

93-37 
92.20 
91.03 

89.90 
88.80 
87.72 
86.67 
85.65 
84.63 
83.67 
82.70 
81.78 
80.85 

79-97 
79.08 
78.23 
77.40 
76.57 
75.78 
74.98 
74.22 

73-47 
72.73 
72.00 
71.30 
70.58 
69.92 
69.25 
68. 58 

67.95 
67.30 
66.70 
66.08 

65.48 
64.88 
64.32 
63.75 
63.20 
62.65 
62.10 
61.58 
61.05 

60.55 
D.  1". 


Cos. 


9-999934 
.999932 
.999929 
.999927 

.999925 
.999922 
.999920 
.999918 
.999915 
.999913 
999910 
999907 
999905 
999902 


999897 


999888 
999885 

999882 
999S79 
999876 
999873 


999867 
999864 


999854 

999851 
999848 
999844 
999841 
999838 

999S34 
999831 

999827 
999824 
999820 

999816 
999813 
999809 
999805 


999797 
999794 
999790 
9997S6 
999782 

999778 
999774 
999769 
999765 
999761 

999757 
999753 
999748 

999744 
999740 

999735 
Sin. 


D.  1' 


•  °3 
.05 

•  °3 

•  °3 
.05 

•  °3 

•  °3 
.05 
.03 
.05 

.05 
.03 
.05 
.05 
.03 
.05 
.05 
.05 
.05 
.05 

.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.07 
.05 

.05 
.07 
.05 
.05 
.07 
.05 
.07 

.05 
.07 

.07 

.05 
.07 
.07 

.07 
.07 

.05 
.07 
.07 
.07 
.07 
.07 
.08 
.07 

•  07 
.07 
.07 
.08 
.07 
.07 
.08 

D.  1", 


Tan. 


8.241921 
.249102 
.256165 
.263115 
. 269956 

8. 276691 
.283323 
.289856 
. 296292 
.302634 


.315046 
.321122 

.327"4 
.333025 

8.338856 
.344610 
.350289 
.355895 
.36143° 

8.366895 
.372292 
.377622 


.388092 
8.393234 
.398315 
.403338 
.408304 

.413213 

8.418068 

.422869 

.427618 

.432315 
.436962 
8.441560 
.446110 
.450613 
.455070 
.459481 

8.463849 
.468172 
.472454 
.476693 
. 480892 

8.485050 
.489170 
.493250 
.497293 
.501298 

8.505267 
.509200 
.513098 
.516961 
.520790 

8.524586 

.528349 
.532080 

•535779 

•539447 

8. 543084 

Cot. 


D.  1". 


Cot. 


119.68 

117.72 

"5.83 
114.02 
112.25 
110.53 
108. 88 
107. 27 
105. 70 
104. 17 

102. 70 
I01.27 
99.87 
98.52 
97.18 
95.90 
94.65 

93-43 
92.25 
91.08 

89.95 
88.83 

87.78 
86.72 
85.70 
84.68 
83.72 
82.77 
81.82 
80.92 

80.02 

79-15 
78.28 

77-45 
76.63 

75.83 
75-05 
74.28 
73.52 
72.80 

72.05 

71.37 
70.65 
69.98 
69.30 
68.67 
68.00 
67.38 
66.75 
66.15 

65.55 
64.97 
64.38 
63.82 

63.27 
62.72 
62.18 
61.65 
61.13 
60.62 

D.  1". 


I.758079 

.750898 

•743835 
.736885 

.730044 
I-  723309 
.716677 
.710144 
.703708 
.697366 

1.691116 

.684954 
.678878 
.672886 
.666975 
1.661144 
.655390 
.649711 
.644105 
.638570 

I. 633105 
.627708 
.622378 
.617111 
.611908 

1.606766 
.601685 
. 596662 
.591696 
.5867S7 

1. 581932 

.577131 
.572382 
.567685 
.563038 
1.558440 

.553890 
.549387 
.544930 
.540519 

1-536151 
.531828 

.527546 
.523307 
.51910S 
1. 514950 
.510S30 
.506750 

.502707 
.498702 

1.494733 
.490800 
.486902 

.483039 
.479210 
1. 475414 
.471651 
.467920 
.464221 

.460553 
I. 456916 

Tan. 


91 


TABLE  OF  LOGARITHMIC  SINES— COSINE,  ETC.    1655 


177' 


Sin. 


D.  1' 


Cos. 


D.  i' 


Tan. 


D.  i' 


Cot. 


S.  542819 
.546422 
•549995 
•553539 
.557054 

3. 560540 

.563999 
.567431 
.570836 
.574214 

5.577566 
. 580892 
.534193 
.587469 
.590721 
5.593948 
.597152 
.600332 
.603489 
. 606623 

L609734 
.612823 
.615891 
.618937 
.621962 

:.  624965 
.627948 
.630911 

.633854 
.636776 

;.  639680 
.642563 
.645428 
.648274 
.651102 
;.  65391 1 
. 656702 

.659475 
.662230 


.667689 

.670393 
.673080 

.675751 
.678405 
.681043 
.683665 
.686272 


.691438 

8. 693998 
.696543 
•699073 
.701589 
.  704090 

8. 706577 
.709049 
.7"507 
.713952 
.716383 

8. 718800 

Cos. 


60.05 
59-55 
59-07 
58.58 
58.10 

57.65 
57.20 

56.75 
56.30 
55.87 

55-43 
55-02 
54.60 
54-20 
53.73 
53.40 
53- 00 
52.62 
52.23 
5i.  S5 

51.48 
5i-i3 
50.77 
50.42 
50.05 
49.72 
49.38 
49-05 
48.70 
48.40 

48. 05 
47-75 
47-43 
47.13 
46. 82 

46.52 
46.22 
45.92 
45.63 
45-35 

45-07 
44.78 
44-52 
44.23 
43-97 
43.7o 
43-45 
43.18 
42.92 
42.67 

42.42 
42.17 

41.93 
41.68 

41-45 
41.20 

4o.97 
4o.75 
40. 52 
40.28 

D.  i". 


9-999735 
•999731 
.999726 
•999722 
.999717 

9-999713 
.999708 

•999704 
•999699 
.999694 

9.999689 
•9996S5 
. 9996S0 

.999675 

•999670 

9.999665 

.999660 

.999655 
.999650 

•999645 
9.999640 
•999635 
•999629 
.999624 
.999619 
9.999614 
.999608 
•9996o3 
•999597 
.999592 

9.999586 
.999581 
•999575 
.999570 
.999564 

9.999558 
•999553 
•999547 
•999541 
•999535 

9.999529 
•999524 
.999518 
.999512 
.999506 

9.999500 

•999493 
.999487 
.999481 
•999475 

9.999469 
.999463 
.999456 
•999450 
•999443 

9-999437 
•999431 
.999424 
.999418 
.999411 

9.999404 

Sin, 


.07 
.08 

.07 
.08 

.07 
.08 

.07 


.08 
.07 


.08 
.08 
.08 
.08 
.08 
.08 
.08 

.08 
.10 
.08 
.08 


.08 
.10 
.08 
.10 

.08 
.10 
.08 
.10 
.10 
.08 


.08 
.  10 


10 
10 


,  10 
,12 

,  10 

,  10 

12 

10 


D.  i' 


8.543084 
.546691 
.550268 
.553817 
.557336 

8.560828 
.564291 
.567727 
.57"37 
•574520 

8.577877 
.581208 

.5845H 

•537795 

.591051 

8.594283 

.597492 
.600677 
.603839 
.606978 

8.610094 
.613189 
.616262 
.619313 
.622343 

8.625352 
. 628340 
.63130S 
.634256 
.637184 

8. 640093 
. 642982 

.645853 
.  648704 

.651537 
8.654352 
.657T49 
.659928 
.  662689 
.665433 

8.668160 
.670870 

.673563 
.676239 
. 678900 
8.681544 
.684172 
.6S6784 
.689381 
.691963 

8.694529 
.697081 
.699617 
.702139 
. 704646 

8. 707140 
.709618 
.712083 

•714534 
.716972 

8. 719396 
Cot. 


60. 12 
59.62 

59.15 
58.65 
58.20 
57.72 
57-27 
56.83 
56.38 
55-95 

55-52 
55-io 
54-63 
54.27 
53.87 
53-43 
53.o8 
52.70 
52.32 
51.93 

51.58 
51.22 
50.85 
50.50 
50.15 
49.80 

49-47 
49.13 
48.  So 


48.15 
47.85 
47-52 
47-22 
46.92 
46.62 
46.32 
46.02 

45-73 
45-45 

45.17 
44.S8 
44.60 

44-35 
44.07 
43.8o 
43-53 
43.28 
43-03 
42.77 

42.53 
42.27 
42.03 
41.78 

41.57 
41.30 
41.08 
40.85 
40.63 
40.40 

D.  i". 


1. 456916 
•453309 
•449732 
.446183 
. 442664 

1. 439172 
•435709 
.432273 
.428863 
.425480 

1. 422123 
.418792 
.415486 
.412205 
.408949 

1. 405717 
.402508 

.399323 
.396161 
.393022 

1. 389906 
.386811 
.333738 
.380687 

.377657 

1.374648 

.371660 

. 368692 

.365744 
.362816 

I.359907 
.357oi8 

.354147 
•351296 

.348463 
1. 345648 
.342851 
.340072 
.337311 
.334567 


1. 331840  20 
.329130  " 

.326437 
.323761 
.321100 
1. 318456 
.315828 
.313216 
.310619 
. 308037 

1. 305471 
.302919 
. 300383 
.297861 

•  295354 
1. 292860 

. 290382 

.287917 
1  .285466 
'  .283028 
1.280604 

Tan. 


7 
6 

5 
4 
3 
2 

1 
o 

M. 

87c 


1656 


GENERAL  TABLES 


M. 


Sin. 


o 

I 

2 

3 
4 
5 
6 

7 
8 

9 

io 

ii 

12 

13 
M 

15 
16 

17 
18 

19 

20 
21 

22 
23 

24 
25 
26 

27 
28 

29 

30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 
4i 
42 
43 
44 
45 
46 

47 
48 

49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


718800 
721204 

723595 
725972 

728337 
730688 

733027 
735354 
737667 

739969 
742259 
744536 
746802 

749°55 
751297 
75352S 
755747 
757955 
760151 

762337 

76451 1 
766675 
768828 
770970 
773101 
775223 
777333 
779434 
781524 
783605 

7S5675 
787736 
789787 
791828 

793859 
795881 
797894 
799897 
801892 
803876 

805852 
807819 
809777 
811726 
813667 

815599 
817522 
819436 

821343 
823240 

825130 
82701 1 
828884 
830749 
832607 
834456 
836297 
838130 
839956 
841774 
843585 

Cos. 


D.  l". 


40.07 

39.85 
39-62 
39.42 
39.i8 
38.98 
38.78 
38.55 
38.37 
38.17 

37-95 

37-77 
37-55 
37-37 
37.18 
36.98 
36.80 
36.60 

36.43 
36.23 

36.07 

35-88 
35-70 
35.52 
35.37 
35-17 
35- 02 

34.83 
34-68 

34.50 

34-35 
34.18 
34.02 
33.85 
33.7o 
33-55 
33.38 
33.25 
33.07 
32.93 

32.78 
32.63 

32.48 

32.35 
32.20 
32.05 
31.90 
3I.78 
31.62 

31.50 

31-35 
31.22 
31.08 

30.97 
30.82 
30.68 
30.55 
30.43 
30.30 
30.18 

D.  1". 


Cos. 


9. 999404 
.999398 
-999391 
.999384 
.999378 

9-999371 
.999364 
•999357 
.999350 
•999343 

9.999336 
•999329 
•999322 
.999315 
.999308 

9.999301 
.999294 
.999287 
.999279 
•999272 

9.999265 
•999257 
.999250 
.999242 
.999235 

9.999227 
. 999220 
.999212 
.999205 
.999197 

9.999189 
.9991S1 

.999174 

.999166 

.999158 

9.999150 

.999142 

.999134 
.999126 
.999118 

9. 9991 10 
.999102 
.999094 
. 999086 

.999077 

9.999069 

.999061 

•999053 
.999044 
.999036 

9.999027 
.999019 
.999010 
.  999002 

.998993 

9.998984 

.998976 

.998967 


.998950 
9.998941 

Sin. 


D.  1' 


D.  i' 


Tan. 


8. 719396 
721806 
724204 
726588 
728959 
73I3I7 
733663 
735996 
738317 
740626 


742922 
745207 
747479 
749740 
751989 
754227 

756453 
758668 
760872 
763065 

765246 
767417 
769578 
771727 
773866 

775995 
7781 14 
780222 
782320 
784408 

786486 

788554 
790613 
792662 
794701 
796731 
798752 
800763 
802765 
804758 

806742 
808717 
810683 
8 1 2641 
814589 
816529 
818461 
820384 
822298 
824205 

826103 
827992 
829874 
831748 
833613 
835471 
837321 
839163 
840998 
842825 
844644 

Cot. 


D.  1' 


40.17 
39-97 
39-73 
39-52 
39-30 
39.10 
38.88 
38.68 
38.48 
38.27 

38.08 
37-87 
37-68 
37-48 
37-30 
37.10 
36.92 
36.73 
36.55 
36.35 

36.18 
36.02 
35.82 
35.65 
35-48 
35-32 
35-13 
34-97 
34-8o 
34.63 

34-47 
34-32 
34-15 
33.98 
33.83 
33-68 
33-52 
33-37 

33-22 

33.07 

32.92 
32.77 
32.63 

32.47 
32.33 

32.20 

32.05 
31.90 
31.78 
31.63 

31.48 
31.37 
31.23 
31.08 

30.97 
30.83 
30.70 

30.58 
30.45 
30.32 

p.  I". 


Cot. 


1.280604 
,  278194 
,275796 
.273412 
,271041 
, 268683 
, 266337 
, 264004 
, 261683 
.259374 


Tan. 


93' 


S( 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1657 
4°  I75< 


M 


Sin. 


8.8435S5 
.845387 
.847183 
.848971 

.850751 
8. 852525 
.854291 
.856049 
.857801 
.859546 
8.861283 
.863014 
.864738 
.866455 
.868165 
8. 869868 
.871565 
.873255 
.874938 
.876615 

8.878285 
.879949 
.881607 
.883258 
.884903 

8.886542 
.888174 
. S89801 
.891421 
.S93035 

8. 894643 
. 896246 
.897842 
.899432 
.901017 

8.902596 
.904169 
.905736 
.907297 
.908853 

8. 910404 
.911949 
.913488 
.915022 
.916550 

8.918073 

.919591 
.921103 
.922610 
.924112 

8.925609 
.927100 
.928587 
. 930068 
•931544 

8.933015 
.934481 
•935942 
.937398 
.938850 

8.940296 

Cos. 


r>.  1' 


Cos. 


30.03 

29-93 
29.80 
29.67 
29-57 
29-43 
29.30 
29.20 
29.08 
28.95 

28.85 

28.73 
28.62 
28.50 
28.38 
28.28 
28.17 
28.05 

27-95 
27.83 

27.73 
27.63 
27.52 
27.42 
27.32 
27.20 
27. 12 
27.00 
26.90 
26.80 

26.72 
26.60 
26.50 
26.42 
26.32 
26.22 
26. 12 
26.02 
25-93 
25.85 

25.75 
25.65 
25-57 
25-47 
25.38 
25.30 
25.20 
25.12 
25-03 
24.95 

24.85 
24.78 
24.68 
24.60 
24.52 
24.43 
24.35 
24.27 
24.20 
24. 10 

D.  1". 


9. 99S941 
998932 
998923 
998914 
998905 


998851 


998832 
998823 
998813 
998804 

998795 
998785 
998776 
998766 

998757 
998747 
998738 
998728 
998718 
998708 


998689 
998679 
998669 

998659 
998649 
998639 
998629 
998619 
998609 
998599 


998578 


998558 


998537 
998527 
998516 
998506 
998495 
998485 
998474 


998453 
998442 
998431 
998421 
998410 
998399 


998377 
998366 
998355 
998344 

Sin. 


D  1". 


D.  i' 


Tan. 


8. 844644 

.846455 
.848260 
.850057 
.851846 
8.853628 
.855403 
.857171 
.858932 
.8606S6 

8.862433 
.864173 
.865906 
.867632 
•  869351 

8.871064 
.872770 
.874469 
.876162 
.877849 

8.879529 
.881202 


.884530 
.886185 
8.887833 
.889476 
.891112 
.892742 
.894366 


.897596 
. 899203 
.900803 
. 902398 
8. 903987 
.905570 
.907147 
.908719 
.910285 

8. 91 1846 
.913401 
.914951 
.916495 

.  9^034 
8.919568 
.921096 
.922619 
.924136 
.925649 

8.927156 
.928658 
.930155 
.931647 
.933134 

8.934616 

.936093 
.937565 
•939032 
• 940494 
8.941952 

Cot. 


D.  I". 


30.18 
30.08 

29-95 
29.82 
29.70 
29.58 
29.47 
29-35 
29.23 
29.12 

29.00 

28.88 
28.77 
28.65 

28.55 
28.43 
28.32 
28.  22 
28.12 
28.00 

27.88 
27.78 
27.68 
27.58 
27.47 
27.38 
27.27 
27.17 
27.07 
26.97 

26.87 
26.78 
26.67 
26.58 
26.48 
26.38 
26.28 
26.  20 
26. 10 
26.02 

25.92 
25.83 
25-73 
25.65 
25-57 
25.47 
25.38 
25.28 
25.22 
25.12 

25.03 

24-95 
24.87 

24.78 
24.70 
24.62 

24-53 
24-45 
24-37 
24.30 

D.  1". 


Cot. 


1. 155356 
■  153545 
151 740 

149943 
148154 
146372 

144597 
, 142829 
, 141068 
I393H 

137567 
135827 
134094 
132368 
130649 
128936 
127230 

12553 1 
123838 
122151 

120471 
1 18798 
117131 
1 15470 
"3815 
112167 
I 10524 
108888 
107258 
105634 
104016 
102404 
100797 
099197 
097602 
096013 

094430 
092853 
091281 
089715 

088154 
086599 
085049 
083505 
0S1966 
080432 
078904 
077381 
075864 
074351 

072844 
071342 
069845 
068353 
066866 
065384 
063907 
062435 
060968 
059506 
058048 

Tan. 


85' 


i658 


GENERAL  TABLES 


174 


M.        Sin. 


o 

8. 940296 

I 

•941738 

2 

.943174 

3 

. 944606 

4 

•  946034 

5 

8. 947456 

6 

•  948874 

7 

.950287 

8 

.951696 

9 

.953100 

IO 

8. 954499 

II 

.955894 

12 

.957284 

13 

. 958670 

M 

.960052 

15 

8.961429 

16 

. 962801 

17 

.964170 

18 

•965534 

19 

.966893 

20 

8. 968249 

21 

.  969600 

22 

.970947 

23 

. 972289 

24 

•  973628 

25 

8. 974962 

26 

•  976293 

27 

.977619 

28 

.978941 

29 

.980259 

30 

8.981573 

31 

. 982883 

32 

.  984189 

33 

.985491 

34 

. 986789 

35 

8. 9S8083 

36 

•  989374 

37 

.990660 

38 

•991943 

39 

.993222 

40 

8. 994497 

4i 

.995768 

42 

.997036 

43 

•998299 

44 

•999560 

45 

9.000816 

4b 

. 002069 

47 

.003318 

48 

.004563 

49 

.005805 

5° 

9. 007044 

5i 

. 008278 

52 

.009510 

53 

.010737 

54 

.011962 

55 

9.013182 

5^ 

.014400 

57 

.015613 

58 

.016824 

59 

.018031 

bo 

9.019235 

D.  i' 


Cos. 


Cos. 


24.03 

23.93 
23.87 
23.80 
23.70 
23.63 
23.55 
23.48 
23.40 
23.32 

23.25 
23.17 
23.10 
23.03 
22.95 
22.87 
22.82 

22.73 
22.65 
22.60 

22.52 
22.45 
22.37 
22.32 
22.  23 
22.18 
22. 10 
22.03 
21.97 
21.90 

21.83 

21.77 
21.70 
21.63 

21.57 
21.52 

21-43 
21.38 
21.32 
21.25 

21.18 
21.13 
21.05 
21.02 
20.93 
20.88 
20.82 
20.75 
20.70 
20.65 

20.57 

20.53 
20.45 
20.42 
20.33 
20.  30 
20.22 
20. 18 
20. 12 
20.07 

D.  1". 


9- 998344 
•998333 
. 998322 
.998311 
.998300 


998277 
998266 

998255 
998243 

998232 
998220 
998209 
998197 
998186 
998174 
998163 
998151 
998139 
998128 

9981 16 
998104 


998056 
998044 
998032 
998020 


997996 

997984 
997972 

997959 
997947 
997935 
997922 
997910 
997897 
997885 

997872 
997860 
997847 
997835 
997822 
997809 

997797 
997784 
997771 
997758 

997745 
997732 
997719 
997706 
997693 
997680 
997667 

997654 
997641 
997628 
997614 

Sin. 


D.  1' 


Tan. 


.18 
.18 
.18 
.18 
.18 

,20 
,18 
.18 
.20 

,18 


.20 

.18 
.20 

.18 

,20 
.20 
.18 
,20 

,20 
,20 
.20 
.20 
.20 
.20 
.20 
,20 
,20 
,20 

.20 
,20 
.22 
,20 
,20 
.22 
,20 
,22 
.20 
,22 

.20 
.22 
.20 
'22 
.22 
,20 
.22 
.22 


,22 
.22 
.22 
.22 
.22 
,22 
.22 
.22 
.22 
.23 


D.  l' 


8.941952 

•943404 
.944852 
.946295 
•947734 

8. 949168 

•950597 
.952021 

•953441 
.954856 

8.956267 
.957674 
•959075 
.960473 
.961866 

8. 963255 
•964639 
. 966019 

.967394 
.968766 

8.970133 
.971496 

.972855 
.974209 
.97556o 
8. 976906 
.978248 
.979586 
.980921 
.982251 

8.983577 


.986217 

.987532 


0.990149 
.991451 
.992750 
.994045 
•995337 

8. 996624 
.99790S 
.999188 

9.000465 
.001738 

9.003007 
.004272 
.005534 
.006792 
. 008047 

9. 009298 
.010546 
.011790 
.013031 
.014268 

9.015502 
.016732 
.017959 
.019183 
. 020403 

9.021620 

Cot. 


D.  i' 


Cot. 


24.20 
24.13 
24.05 
23.98 
23.90 
23.82 

23-73 
23.67 

23.58 
23-52 

23.45 
23-35 
23.30 
23.22 

23.15 
23.07 
23.00 
22.92 
22.87 
22.78 

22.72 
22.65 
22.57 
22.52 
22.43 
22.37 
22.30 
22.  25 
22. 17 
22.10 

22.03 
21.97 
21.92 
21.83 
21.78 
21.70 
21.65 
21.58 
21.53 
21.45 
21.40 

21.33 
21.28 
21.22 
21.15 
21.08 
21.03 
20.97 
20.92 
20.85 

20.80 
20.73 
20.68 
20.62 
20.57 
20.50 
20.45 
20.40 
20.  33 
20.28 


D.  1' 


1.058048 
.056596 
.055148 

.053705 

. 052266 

1.050832 

.049403 

.047979 
.046559 

.045144 

I.043733 
.042326 
.040925 

.039527 
.038134 
1.036745 
.035361 
.033981 
.032606 
.031234 

1.029867 
. 028504 
.027145 
.025791 
. 024440 

1.023094 
.021752 
.020414 
.019079 
.017749 

1. 016423 
.015101 
.013783 
.012468 
.011158 

1. 009851 
.008549 
. 007250 
.005955 
.004663 

1.003376 
.002092 
.000812 

C999535 
. 99S262 

°- 996993 
.995728 
.994466 
. 993208 
.991953 

o. 990702 

. 9S9454 

.988210 

9S6969 

.985732 

o.  984498 

983268 

982041 

.980817 
.979597 

o. 978380 
Tan. 


95' 


84' 


TABLE  OF  LOGARITHMIC  SINES-COSINES,  ETC.     1659 


I73< 


M.        Sin.         D.  1".  Cos.  D.  1".  J       Tan.        D.  1".  Cot. 


o 
1 
2 
3 
4 
5 
6 

7 
8 

9 

10 

11 
12 
13 
14 

15 
16 

17 

18 

19 


9.019235 
.020435 
.021632 
.022825 
.024016 

9. 025203 
. 026386 
.027567 
. 028744 
.029918 

9.031089 
.032257 
.033421 
.0345S2 

.035741 
9. 036896 
.  038048 
.039197 
.040342 
.041485 

9. 042625 
.043762 
.044895 
. 046026 
.047154 

9.048279 
. 049400 
.050519 
.051635 
.052749 

9-053859 
.054966 
.056071 
.057172 

.058271 

9-059367 
. 060460 
.061551 
. 062639 
.063724 

9.064806 
.065885 
. 066962 
. 068036 
.069107 

9.070176 
.071242 
. 072306 
.073366 
.074424 

9.075480 
.076533 
•077583 
.078631 
.  079676 

9.080719 
.081759 
.082797 
.083832 


9. 085894 


20.00 

19-95 
19.88 

19.85 
19.78 
19.72 
19.68 
19.62 
19-57 
19-52 

19-47 
19.40 

19.35 
19.32 

19-25 
19.20 

19-15 
19.08 

19-05 
19.00 

18.95 
18. 88 
18.85 
18.80 

18.75 
18.68 
18.65 
18.60 

18.57 
18.50 

18.45 

18.42 

18.35 
18.32 
18.27 
18.22 
18.18 
18.13 
18.08 
18.03 

17.98 
17.95 
17.90 

17-85 
17.82 

17-77 
17-73 
17.67 
17.63 
17.60 

17-55 
17-50 
17-47 
17.42 

I7-38 
17-33 
17.30 

17-25 
17.20 
17.17 


9.997614 
.997601 
.997588 
•997574 
.997561 

9-997547 
•997534 
.997520 

.997507 
•997493 

9. 997480 
.997466 
•997452 
•997439 
.997425 

9- 9974 1 1 
•997397 
.997383 
.997369 
•997355 

9.997341 
.997327 
•997313 
.997299 
.9972S5 

9.997271 

.997257 
.997242 
.997228 
.997214 

9.997199 
.997185 
.997170 
.997156 
.997141 

9.997127 
.997112 
•997098 
.997083 
•  997068 

9.997053 
•997039 
•997024 
.997009 
.996994 

9.996979 
.996964 

•996949 
.996934 
.996919 

9.996904 


•996874 


Cos. 


D.  1' 


.996843 
9. 996828 
.996812 
.996797 
.996782 
.996766 
9. 996751 

Sin. 


.22 
.22 

.23 
.22 

•  23 
.22 

•23 
.22 

.23 
.22 

•23 
.23 
.22 

.23 
•23 
•23 
•23 
.-23 

•  23 
•23 

•23 
•23 
•23 
.23 
•23 
•23 
•25 
•23 
•23 
.25 

•23 
•25 
•23 
•25 
•23 
•25 
■23 
•25 
•25 
•25 

•23 
•25 
.25 
•25 
.25 
.25 
•25 
•25 
.25 
.25 

•25 
.25 
.27 

•25 
.25 
.27 

.25 
•25 
.27 

.25 


D.  1' 


9.021620 
. 022834 
. 024044 
.025251 
.026455 

9-027655 
.028852 
. 030046 
•031237 
.032425 

9.033609 
.034791 

•035969 
.037144 
.038316 

9-039485 
.040651 
.041813 
.042973 
.044130 

9.045284 
.046434 

.047582 
.048727 


9.051008 
.052144 

•053277 
.054407 

•°55535 
9.056659 
.057781 
. 058900 
.060016 
.061130 
9.062240 
.063348 
•  064453 
.065556 
.066655 

9.067752 
.068846 
.069938 
.071027 
.072113 

9.073197 
.074278 
•075356 
. 076432 

.077505 
9.078576 

.079644 
.080710 
.081773 
.082833 
9.083891 
.084947 
.086000 
. 087050 


9. 089144 
Cot. 


20.23 
20. 17 
20. 12 
20.07 
20.00 

19-95 
19.90 

19-85 
19.80 

19-73 
19.70 
19-63 
19.58 
19-53 
19.48 

19-43 
19-37 
19-33 
19.28 
19.23 

19.17 

19.13 
19.08 
19.03 
18.98 

18.93 
18.88 
18.83 
18.80 
18.73 
18.70 
18.65 
18.60 

18.57 
18.  so 
18.47 
18.42 
18.38 
18.32 
18.28 

18.23 
18.20 
18.15 
18.10 
18.07 
18.02 
17.97 

17-93 

17.88 

17.85 
17.80 

17-77 
17.72 
17.67 
17-63 
17.60 
17-55 
I7-50 
17-47 
17-43 

D.  1". 1 


o. 978380 
.977166 
.975956 
•974749 
•973545 

0.972345 
.971148 

•969954 
.968763 

•967575 

o.  966391 

.965209 
.964031 
.962856 

.961684 

0.960515 

.959349 
.958187 
.957027 
.955870 
0.954716 
•953566 
.952418 
.951273 
.950131 

o. 948992 

.947856 
•946723 

•945593 
.944465 

0.94334I 
.942219 
.941100 

.939984 
.938870 

o. 937760 
.936652 
•935547 
•934444 
•933345 

0.932248 

.931154 
. 930062 

.928973 
.927887 
o. 926803 
.925722 
.924644 
.923568 

.922495 
0.921424 
.920356 
.919290 
.918227 
.917167 
0.916109 

•915053 
.914000 
.912950 
.911902 
o. 910856 


Tan. 


60 
59 
58 
57 
56 
55 
54 
53 
52 
5i 

50 
49 
48 

47 
46 
45 
44 
43 
42 
4i 
40 
39 
38 
37 
35 
35 
34 
33 
32 
3i 

30 
29 
28 
27 
26 

25 
24 

23 
22 
21 

20 

19 

18 

17 
16 

15 

14 
13 
12 
11 


83' 


i66o 


GENERAL  TABLES 


172' 


M. 


o 

1 
2 
3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
M 
»5 
16 

17 

i3 

19 

20 
21 

22 
23 
24 
25 
25 
27 
23 
29 

30 
31 
33 

33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 

49 

50 
5i 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sin. 


9.085894 
086922 

087947 
088970 
089990 
091008 
092024 
093037 
094047 
095056 

096062 
097065 


099065 
100062 
101056 
102048 
103037 
104025 
105010 

105992 
106973 

i°795i 
108927 

1 0990 1 

110873 

11 1842 

1 12809 

1 13774 

1 14737 

1 15698 

1 16656 

117613 

1 18567 

"9519 
120469 
121417 
122362 
123306 
124248 

125187 
126125 
127060 
127993 
128925 
129854 
130781 
131706 
132630 
I3355I 

134470 
135387 
136303 
137216 
138128 
I39037 
139944 
140850 

I4I754 
142655 
H3555 

Cos. 


D.I' 


17-13 
17.08 

I7-05 
17.00 
16.97 
16.93 
16.88 
16.83 
16.82 
16.77 

16.72 
16.68 
16.65 
16.62 
16-57 
16.53 
16.48 

16.47 
16.42 

16.37 

16.35 
16.30 
16.27 
16.23 
16.20 
16.15 
16. 12 
16.08 
16.05 
16.02 

15-97 
15-95 
I5-90 
15-87 
15.83 
15-80 

15-75 
15-73 
i5-7o 
15-65 

15-63 
I5-58 
15-55 
15-53 
15.48 
15-45 
15-42 
15.40 
15-35 
15.32 

15.28 

15-27 
15.22 
15.20 

15.15 
15.12 
15.10 

i5-°7 
15.02 
15.00 

D.  I". 


Cos. 


9.996751 

.996735 
. 996720 
.996704 


9.996673 
.996657 
.996641 
.996625 
.996610 

9.996594 
.996578 
.996562 
.996546 
.996530 

9.996514 
.996498 
.996482 
.996465 
.996449 

9.996433 
.996417 
. 996400 
.996384 
.996368 

9.99635I 
.996335 
.996318 
.996302 
.996285 

9. 996269 
.996252 

.996235 
.996219 
. 996202 
9.996185 
.996168 
.996151 

.996134 
.996117 

9.996100 
.996083 
.996066 

.996049 

.996032 

9.996015 

.995998 
.995980 

.995963 
.995946 

9.995928 
•  9959" 
.995894 
.995876 
.995859 

9.995841 
.995823 
.  995806 
.99578S 
.995771 

9-995753 

Sin. 


D.  i' 


.27 

.25 
.27 

.27 
.25 

,27 

.27 
.27 

.25 

,27 

.27 
.27 
.27 
.27 
.27 
.27 
.27 
.28 
.27 

.27 

.27 
.28 
.27 
.27 

.28 

.27 

.28 

.27 
.28 

.27 
.28 
.28 
.27 
.28 
.28 
.28 
.28 
.28 
.28 
.28 

.28 

.28 
.28 
.28 
.28 
.28 

.30 
.28 
.28 
.30 
.28 
.28 
.30 
.28 
.30 
.30 
.28 
.30 

.23 

.30 


D.  l' 


Tan. 


9.089144 
.090187 
.091228 
. 092266 
. 093302 

9.094336 
.095367 
.096395 
.097422 
.098446 

9. 099468 
. 100487 
. 101504 
. 102519 
. 103532 

9. 104542 

•  105550 
. 106556 

. 107559 
.108560 

9- 109559 
.110556 
.111551 
.112543 
."3533 

9.114521 

."5507 
.116491 
."7472 
.118452 

9. 1 19429 
. 120404 
.121377 
. 122348 

.123317 
9. 124284 

. 125249 
.126211 
.127172 
. 128130 

9. 129087 
. 130041 
.130994 
. I3I944 

•  132893 
9- 133839 

.134784 
. 135726 
. 136667 
. 137605 

9- 138542 
. 139476 
. 140409 
.141340 
. 142269 

.144121 

• i45°44 

. 145066 

. 146SS5 

9. 147S03 

Cot. 


D.  1' 


Cot. 


7.38 
7-35 
7.30 
7.27 

7-23 
7.13 

7.13 
7.12 
7.07 
7.03 
6.98 

6-95 
6.92 
6.83 
6.83 
6.80 
6.77 
6.72 
6.63 
6.65 

6.62 

6.58 
6-53 
6.50 
6.47 
6.43 
6.40 

6.35 
6-33 
6.28 

6.25 
6.22 
6.18 
6.15 
6. 12 
6.08 
6.03 
6.02 
5-97 
5-95 

5-90 

5-88 
5.83 
5-82 

5-77 
5-75 
5-70 
5-6S 
5.63 
5-62 

5-57 

5-55 
5.52 
5.48 
5-45 
5-42 
5- 38 
5-37 
5-32 
5.30 


D.  1". 


o. 910856 
.909813 
.908772 

.907734 

.906698 

o. 905664 

.904633 
.903605 
.902578 
.901554 
0.900532 

.899513 
.898496 
.897481 
. 896468 
0.895458 
.894450 
.893444 

.892441 
.891440 

o. S00441 

.889444 
.888449 

.887457 

.S86467 

0.885479 

.884493 

.883509 
.882528 
.8SI54S 

0.880571 
.879596 
.878623 
.877652 
.8766S3 

0.875716 
.874751 
.873789 

. 872828 
.871870 

0.870913 
. 869959 
.869006 
. 86S056 
.867107 

o.s66i6i 
.865216 
.864274 

.863333 
.862395 

o. 861458 
.860524 

.859591 
. 858660 

.857731 

o.S 56804 

.S55879 
.854956 
.854034 
.853"5 
0.852197 

Tan. 


M 


97° 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1661 
8°  171' 


M.        Sin.        D.  i".  Cos.         D.  i".        Tan.       D.  i".         Cot. 


43555 
44453 
45349 
46243 

47136 
48026 

48915 
49802 
50686 
51569 

52451 
53330 
54208 

55o83 
55957 
56830 
57700 
58569 
59435 
60301 

61 164 
62025 
62885 

63743 
64600 

65454 
66307 

67159 
6800S 


69702 
70547 
71389 
72230 
73070 
73908 
74744 
75573 
7641 1 
77242 

78072 
78900 
79726 
80551 
8i374 
82196 
83016 

83834 
84651 
85466 

86280 
87092 
87903 
88712 
89519 
90325 
91 130 

91933 
92734 
93534 
94332 

Cos. 


4-97 
4-93 
4.90 
4.88 

83 

S2 

7S 
73 
72 
70 


4- 
4. 

4. 
4- 
4- 
4. 

4.65 
4.63 
4.58 
4-57 
4-55 
4.5o 
4.48 
4-43 
4-43 
4. 38 


35 
■  33 

14.30 
14.28 

14.23 
14.22 
14.20 
14.15 
14.13 
14. 10 

4.08 
4.03 
4.02 
4.00 
3-97 
3-93 
3.90 
3-88 


3.80 
3-77 
3.75 
3-72 
3.70 
3.67 
3.63 
3.62 
3.58 
3-57 

3-53 
3.52 
3- 48 
3-45 
3-43 
3-42 
3.38 
3-35 
3.33 
3.30 


D.  l' 


9-995753 
•995735 
.995717 
.995699 
.9956S1 

9. 995664 
.995646 
. 995628 
.995610 
.995591 

9-995573 
•995555 
•995537 
.995519 
.995501 

9.995482 
.995464 
.995446 
.995427 
.995409 

9-995390 
.995372 
•995353 
•995334 
.995316 

9- 995297 
.995278 
.995260 

.995241 
.995222 

9.995203 
.995184 
•995165 
.995146 
.995127 

9.995108 
.995089 
.995070 
.995051 
•995032 

9.9950I3 
•994993 
•994974 
•994955 
•994935 

9.994916 
.994896 
.994877 

•994857 
.994838 

9.994818 
.994798 
•994779 
•994759 
.994739 

9.994720 
.9947oo 
. 994680 
.994660 
.994640 

9. 994620 

Sin. 


.30 
.30 
.30 

.30 
.28 
.30 
.30 

•  30 
.32 
.30 

.30 
.30 
.30 
.30 
.32 
.30 
.30 
.32 
.30 
.32 

.30 
.32 

•  32 
.30 
.32 
.32 
.30 
.32 
.32 
.32 

.32 
.32 
.32 
.32 

•  32 
.32 
.32 
.32 

•  32 

•  32 

•  33 
.32 

•  32 

•  33 
.32 

•  33 

•  32 

•  33 
.32 

•  33 

•  33 
.32 

•  33 

•  33 
.32 

•  33 

•  33 
•33 
•33 
•33 

D.  1", 


47803 
48718 
49632 
50544 
5H54 
52363 
53269 
54174 
55077 
55978 

56877 
57775 
58671 
59565 
60457 
6i347 
62236 
63123 
64008 
64892 

65774 
66654 

67532 
68409 
69284 

7oi57 
71029 
71899 
72767 
73634 

74499 
75362 
76224 
77084 

77942 

78799 
79655 
S0508 
81360 
822 1 1 

83059 
83907 
84752 
85597 
86439 
87280 
88120 
88958 

89794 
90629 

91462 
92294 
93124 
93953 
9478o 
95606 
96430 
97253 
98074 


99713 
Cot. 


5-25 
5.23 


5- 
5- 
5- 
5- 
5- 
5- 
5. 
4.98 

4.97 
4-93 
4.90 

4.87 
4.83 
4.82 
4.78 
4-75 
4-73 
4.70 

4.67 
4.63 
4.62 
4.58 
4-55 
4-53 
4-50 
4-47 
4-45 
4.42 

4.38 
4-37 
4-33 
4-30 
4.28 

4.27 
4.22 
4.20 
4.18 
4.13 

4.13 

4.08 


3-92 

3-88 


3-68 
3-67 
3.65 


D.I' 


0.852197 
.851282 
.850368 
.849456 
.848546 

o.  847637 
.846731 
.845826 

.844923 
.844022 

0.843123 
.842225 
.841329 
.840435 
.839543 

0.838653 

.837764 
.836877 
.835992 
.835108 

o.  834226 

.833346 
.832468 

.831591 
.830716 

o.  829843 

.828971 
.828101 

.827233 

.826366 

o.  825501 

.824638 
. 823776 
.822916 
. 822058 
0.821201 

.820345 

.819492 

.818640 

.817789 

0.816941 
.816093 
.815248 
.814403 
.813561 

0.812720 
.811880 

.811042 
.810206 

.809371 
0.808538 

.807706 
.806876 
.80604.7 
. 805220 
o.  804394 

.803570 

. 802747 

.801926 

.801106 

o. 800287 

Tan. 


81' 


1662 


GENERAL  TABLES 


M.   Sin.    D.  I" 


o 

9- I94332 

I 

.195129 

2 

•  195925 

3 

.196719 

4 

.197511 

5 

9. 198302 

fa 

. 199091 

7 

. 199879 

8 

. 200666 

9 

.201451 

IO 

9. 202234 

ii 

.203017 

12 

.203797 

13 

.204577 

M 

.205354 

15 

9. 20613 1 

16 

.  206906 

17 

.207679 

18 

. 208452 

19 

. 209222 

20 

9. 209992 

21 

.210760 

22 

.211526 

23 

.212291 

24 

.213055 

25 

9.213818 

2b 

.214579 

27 

.215338 

28 

.216097 

29 

.216854 

3° 

9.217609 

31 

.218363 

32 

.219116 

33 

.219868 

34 

.220618 

35 

9.221367 

3b 

.222115 

37 

.222861 

38 

. 223606 

39 

.224349 

40 

9. 225092 

41 

.225833 

42 

.226573 

43 

.227311 

44 

. 228048 

45 

9. 228784 

4b 

.229518 

47 

.230252 

48 

.230984 

49 

.231715 

50 

9.232444 

51 

.233172 

52 

.233899 

53 

.234625 

54 

.235349 

55 

9. 236073 

5& 

.236795 

57 

.237515 

5« 

.238235 

59 

.238953 

bo 

9. 239670 

Cos. 


3-28 
3-27 


3.o5 
3.00 
3.00 
2-95 
2-95 
2.92 
2.88 
2.88 
2.83 
2.83 

2.80 
2-77 
2.75 
2-73 
2.72 
2.68 
2.65 
2.65 
2.62 
2.58 

2-57 
2.55 
2-53 

2.50 
2.48 
2-47 
2-43 
2.42 
2.38 
2.38 

2-35 
2-33 
2.30 
2.28 
2.27 
2.23 
2.23 
2.20 
2.18 
2.15 

2.13 
2.12 
2. 10 
2.07 
2.07 
2.03 
2.00 
2.00 
1.97 
1-95 


D.  1' 


Cosi 


9. 994620 
. 994600 
.994580 
.994560 
.994540 

9.994519 
.994499 
•994479 
•994459 
.994438 

9.994418 
.994398 
•994377 
•994357 
.994336 

9.9943i6 
.994295 
.994274 
.994254 
•994233 

9.994212 
.994191 
.994171 
.994150 
.994129 

9.994108 
.9940S7 
. 994066 

.994045 
.994024 

9.994003 
.9939S2 
.993960 
•993939 
.993918 

9-993897 
.993875 
.993854 
.993832 
.993811 

9-993789 

.993768 

.993746 
•993725 
•  993703 
9.993681 
.993660 
•993638 
.993616 

•993594 

9-993572 
•993550 
.993528 
.993506 

.993484 
9.993462 

.993440 
.9934i8 
.993396 
•993374 
9-993351 

Sin. 


t>,  1". 


D.  1' 


Tarn 


9.199713 
. 200529 
.201345 
.202159 
.202971 

9.203782 
.204592 
. 205400 
. 206207 
.207013 

9.207817 
.208619 
. 209420 
.210220 
.211018 

9.211815 
.212611 
.213405 
.214198 
.214989 

9.215780 
.216568 
.217356 
.218142 
.218926 

9.219710 
. 220492 
.221272 
.222052 
. 222830 

9. 223607 
.224382 
.225156 
.225929 
. 226700 

9- 227471 
.228239 
.229007 
.229773 
.230539 

9. 231302 
. 232065 
.232826 
.233586 
.234345 

9.235103 
.235859 
.236614 
.237368 
. 238120 

9.238872 
. 239622 
.240371 
.241118 
.241865 

9.242610 

.243354 
.244097 

.244839 

.245579 

9.246319 

Cot. 


t».  I' 


Cot. 


3.60 
3.60 
3-57 
3-53 
3-52 
3-50 
3-47 
3-45 
3-43 
3-40 

3.37 
3-35 
3-33 
3-3o 
3.28 
3-27 


13 

13 

10 

.07 

■c»7 

■03 

13.00 

13-00 

12.97 

12-95 

2.92 

2.90 

2.88 

2.85 

2.85 

2.80 

2.80 

2-77 

2-77 

2.72 

2.72 
2.68 
2.67 
2.65 
2.63 
2.60 
2.58 
2-57 
2-53 
2-53 

2.50 
2.48 
2-45 
2.45 
2.42 
2.40 
2.38 
2-37 
2-33 
2-33 


D.  1' 


o.  800287 

.799471 
.798655 

.797841 
•797029 
0.796218 
.795408 
.794600 

•793793 
.792987 

0.792183 
.791381 
. 790580 
. 789780 
. 788982 

o. 7S8185 

.737389 
.786595 
.785802 

.785011 

o.  784220 

.783432 

. 7S2644 

.781858 
.7SI074 

o. 780290 

.779508 
.77S728 
.777948 
.777170 

0.776393 

.775618 

.774844 
.774071 
.773300 
0.772529 
.771761 

.770993 
.770227 

. 769461 
o. 76S698 

.767935 
.767174 

.766414 

.765655 

o. 764897 

.764141 
.763386 

. 762632 

.761880 

0.761 128 

.760378 
.759629 
. 7588S2 
.758135 

0.757390 
.756646 
.755903 

.  .755161 
.754421 

o.  7536S1 
Tan. 


99< 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.      1663 
I0°  1690 


M. 


Sin. 


9. 239670 
.240386 
.241101 
.241814 
.242526 

9-  243237 
•243947 
. 244656 

•245363 
.246069 

9.246775 

.247478 
.248181 
.24S883 

•249583 

9. 250282 

. 250980 

.251677 

.252373 
.253067 

9.253761 
•254453 
.255144 
.255834 
.256523 

9-257211 
.257898 
.258583 
.259268 

.259951 
9.260633 
.261314 
.261994 
.262673 
.263351 
9. 264027 
.264703 
.265377 
.266051 
.266723 

9-267395 
.26S065 
.268734 
. 269402 
.270069 

9-270735 
.271400 
. 272064 
.272726 
.273388 

9.274049 
.274708 

.275367 
. 276025 
. 276681 

9- 277337 
•  277991 
.278645 
.279297 
-  279948 

9.280599 


Cos. 


D.  1' 


"•93 
11.92 
11.88 
11.87 
11.85 
11.83 
11.82 
11.78 
11.77 
11.77 

11.72 
11.72 
11.70 
11.67 
11.65 
11.63 
11.62 
11.60 
"•57 
"•57 

11-53 
n.52 
n.50 
11.48 
11.47 

H-45 
11.42 
11.42 
".38 
n-37 

H-35 
H-33 
11.32 
11.30 
11.27 
11.27 
11.23 
11.23 
11.20 
11.20 

11. 17 

11. 15 
11. 13 
11. 12 

11. 10 
11.08 
11.07 
11.03 
11.03 
11.02 

10.98 
10.98 
10.97 
10.93 
10.93 
10.90 
10.90 
10.87 
10.85 
10.85 


D.i' 


Cos. 


9-993351 
•993329 
•9933°7 
•993284 
.993262 

9.993240 
.993217 
•993195 
.993172 
.993M9 

9.993127 
.993104 
.993081 

.993059 
.993036 
9-9930I3 
.992990 
.992967 
.992944 
.992921 


D.  1' 


9. 

.992875 
.992852 
.992829 
.992806 
9.992783 

.992759 
.992736 
.992713 
.992690 

9. 992666 
.992643 
.992619 
.992596 
.992572 

9- 992549 
.992525 
.992501 
.992478 
.992454 

9.992430 
.  992406 
. 992382 
.992359 
.992335 

9. 9923 1 1 
.992287 
.992263 

•992239 
.992214 

9.992190 
.992166 
.992142 
.992118 
.992093 

9. 992069 

.992044 
. 992020 
.991996 
.991971 
9. 991947 

Sin. 


•  37 

•  37 
.38 

•  37 
•37 
.38 

•  37 
.38 
.38 
•37 

.38 
.38 

•  37 
.38 
.38 
.38 
.38 
.38 
.38 
.38 

.38 
.38 
.38 
.38 
.38 
.40 
.38 
.38 
.38 
.40 

.38 

.40 
.38 
.40 
.38 
.40 
.40 
.38 
.40 
.40 

.40 
.40 
.38 
.40 
.40 
.40 
.40 
.40 
.42 
.40 

.40 
.40 
.40 
.42 
.40 
.42 
.40 
.40 
.42 
.40 


D.  1' 


Tan. 


9.246319 

•  247057 
•247794 
.24S530 
. 249264 

9.249998 

•  250730 
.251461 
.252191 
. 252920 

9.253648 

.254374 
.255100 
.255824 

.256547 
9.257269 
.257990 
.258710 
.259429 
.260146 

9. 260863 
.261578 
.262292 
. 263005 
.263717 

9. 264428 
.265138 
.265847 
.266555 
.267261 

9. 267967 
.268671 
.269375 
.270077 
.270779 

9.271479 
.272178 
.272876 

.273573 
.274269 

9.274964 
.275658 
.276351 
.277043 
.277734 

9.278424 
.279113 
.279801 
.280488 
.281174 

9.281858 
.282542 
.283225 
.283907 
.284588 

9. 285268 
.285947 
. 2S6624 
. 287301 
.287977 

9.288652 


D.  i' 


12.30 
12.28 
12 .  27 
12.23 
12.23 
12.20 
12.18 
12.17 
12. 15 
12.13 

12.10 
12.10 
12.07 
12.05 
12.03 
12.02 
12.00 
11.98 
"•95 
"•95 
11.92 
11.90 
11.88 
11.87 
n.85 
n.83 
11.82 
11.80 

11.77 
11.77 

"•73 
"•73 
11.70 
11.70 
11.67 
11.65 
11.63 
11.62 
11.60 
n.58 

"•57 
"•55 
"•53 
n.52 
11.50 
11.48 
11.47 
H-45 
H-43 
11.40 

11.40 
11.38 
"-37 
"-35 
"-33 
11.32 
11.28 
11.28 
11.27 
".25 


Cot. 


Cot.    D.  1' 


0.753681 

.752943 
. 752206 

.751470 
•750736 
o. 750002 
.749270 
.748539 
.747809 
. 747080 

0.746352 
.745626 
.744900 
.744176 

•743453 
0.742731 
.742010 
.741290 
.740571 
•739854 

0.739i37 
.738422 
.737708 
.736995 
•  736283 

0-735572 
.734862 
•734153 
•733445 
•732739 

0.732033 

.731329 
.730625 

.729923 
.729221 

0.728521 
. 727822 
.727124 
.726427 
•725731 

o. 725036 
.724342 
.723649 
.722957 
. 722266 

0.721576 
. 720887 
.720199 
.719512 
.718826 

0.718142 
.717458 
.716775 
. 716093 
.715412 

0.714732 
.714053 
.713376 
.712699 
. 712023 

0.71 1348 

Tan. 


79c 


1664 


GENERAL  TABLES 


11 


i68c 


M.    Sin.    I).  I 


o 
1 
2 
3 
4 
5 
6 

7 
8 

9 
10 
n 
ic 
13 
M 
15 
16 

17 
iS 

19 
20 
21 
12 
23 
24 
^5 
26 

^7 
28 

29 

2° 
3i 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
45 

47 
48 

49 
50 
51 
53 
53 
54 
55 
56 
57 
58 
59 


9. 280599 
.281248 
.281897 
.282544 
.283190 

9.283836 
. 284480 
.285124 
.285766 


9. 287048 
.287688 
. 288326 
.288964 
.289600 

9. 290236 
. 290870 
.291504 
.292137 
. 292768 

9-293399 
. 294029 
.294658 
. 295286 

•295913 
9. 296539 
.297164 
. 2977S8 
.298412 
.299034 

9. 299655 
.300276 
.300S95 

.3°i5i4 
.302132 
9.302748 
.303364 
.303979 
.304593 
.  305207 

9- 305819 
.306430 
.307041 
.307650 
. 308259 

9.308867 

.309474 
.310080 
.310685 
.311289 

9-3ii893 
.312495 
.313097 
.  313698 

.314297 

9.3I4897 

.315495 

.316092 

316689 

317284 


60  J  9.317879 
Cos. 


10.82 
10.82 
10.78 
10.77 
10.77 
10.73 
10.73 
10.70 
10.70 
10.67 

10.67 
10.63 
10.63 
10.60 
10.60 
io.57 
io.57 
10.55 
10.52 
10.52 

10.50 
10.48 
10.47 
10.45 
10.43 
10.42 
10.40 
10. 40 
10.37 
10.35 

10.35 
10.32 
10.32 
10.30 
10.27 
10.27 
10.25 
10.23 
10.23 
10.20 

10.18 
10.18 
10.15 
10.15 
10.13 
10. 12 
10. 10 
10.08 
10.07 
10.07 

10.03 

10.03 

10.02 

9.98 

10.00 

9-97 

9-95 

9-95 

9.92 

9.92 

D.  1". 


Cos. 


9.991947 
.991922 
.991897 
.991873 
.991848 

9.991823 
.991799 
.991774 
.991749 
.991724 

9.991699 
.991674 
.991649 
.991624 
.991599 

9.991574 
.991549 
.991524 
.991498 

.991473 
9.991448 
.991422 
.991397 
.991372 
.991346 
9.991321 
.991295 
.991270 
.991244 
.991218 

9. 991 193 
.991167 
.991141 

.99"i5 
.991090 
9.991064 
.991038 
.991012 
. 990986 
.990960 

9.990934 
. 990908 
.990882 

.990855 
. 990829 
9. 990803 
.990777 
•990750 
.990724 
.990697 

9.990671 
.990645 
.990618 
.990591 
.990565 

9-990538 
.990511 
.990485 
.990458 
.990431 

9. 990404 

Sin. 


r>.  1". 


.42 
.42 
.40 
.42 
.42 
.40 
.42 
.42 
.42 
.42 

.42 
.42 
.42 
.42 
.42 
.42 
.42 
•43 
.42 
.42 

.43 
.42 
.42 

.43 
.42 

•43 

.42 

•43 
•43 
.42 

.43 
.43 
•43 
.42 
.43 
.43 
.43 
•43 
.43 
.43 

.43 
•43 
.45 
.43 
.43 
.43 
.45 
.43 
.45 
.43 

.43 
.45 
.45 
.43 
.45 
.45 
.43 
.45 
.45 
.45 

D.  1" 


Tan. 


D.  1' 


Cot. 


9. 288652 
. 289326 
.289999 
. 290671 
.291342 

9.292013 
. 292682 
.293350 
.294017 
. 294684 

9- 295349 
.296013 
.296677 

.297339 
. 298001 
9. 298662 
.299322 
. 299980 
. 300638 
•3OI295 

9-3OI95i 
. 302607 
. 303261 
.3039H 
.304567 

9.305218 
.305869 
. 306519 
.307168 
.307816 

9.308463 
.309109 
•309754 
.3io399 
.311042 

9. 31 1685 
.312327 
.312968 
.313608 
.314247 

9.3148S5 
.315523 
.316159 
.316795 
.317430 

9.318064 
.318697 
.319330 
.319961 

.320592 
9.321222 
.321851 
.322479 
.323106 

.323733 
9-324358 
.324983 
.325607 
.326231 

.326853 
9- 327475 

Cot. 


11.23 
11.22 
11.20 
11. 18 
11. 18 
11. 15 
11. 13 
11. 12 
11. 12 
11.08 

11.07 
11.07 
11.03 
11.03 
11.02 
ix. 00 
10.97 
io.97 
io.95 
10.93 

10.93 
10.90 
10.88 
10.88 
10.85 
10.85 
10.83 
10.82 
10.  So 
10.78 

10.77 
10-75 
io.75 
10.72 
10.72 
10.70 
10.68 
10.67 
10.65 
10.63 

10.63 
10.60 
10.60 
10.58 
io.57 
io.55 
10-55 
10.52 
10.52 
10.50 

10.48 
io.47 
io.45 
io.45 
10.42 
10.42 
10.40 
10.40 

io.37 
10.37 

D.  1". 


0.71 1348 
.710674 
.710001 
.709329 
.708658 

o.  707987 
.707318 
. 706650 

.705983 
.705316 

o. 704651 

.703987 
.703323 

. 702661 

.701999 

o. 701338 
.700678 
.700020 

.699362 
.698705 

o. 698049 

.697393 
.696739 

. 696086 

.695433 

o. 69^782 

.694131 
.693481 

.692832 
.692184 

0.691537 

.690891 
.690246 
.689601 
.688958 
0.688315 
.687673 

. 687032 

.686392 
.685753 

0.6851 15 

.684477 
.683841 
.683205 

. 682570 

0.681936 

.681303 

.6S0670 

. 680039 
.679408 

0.678778 

.678149 

.677521 

.676894 
.676267 
o.  675642 
.675017 
.674393 
.673769 

.673147 
0.672525 

Tan. 


M 


lor 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1665 
120  167° 


Sin. 


317879 
318473 
319066 
319658 
320249 
320840 
321430 
322019 
322607 
323IQ4 
323780 
324366 
324950 
325534 
326117 
326700 
327281 
327S62 
328442 
329021 

329599 
330176 

330753 
331329 
331903 
332478 
333051 
333624 
334195 
334767 

335337 
3359°6 
336475 
337043 
337610 

338176 
338742 
339307 
339S7I 
340434 

340996 
341558 
3421 19 
3426/9 
343239 
343797 
344355 
344912 

345469 
346024 

346579 
347134 
347687 
348240 
348792 
349343 
349893 
350443 
350992 
351540 
352088 

Cos. 


D.  1' 


9.90 
9.88 
9.87 
9-85 


9-77 
9-73 
9-73 
9.72 
9.72 
9.68 
9.68 
9.67 
9-65 
9-63 
9.62 
9.62 
9.60 
9-57 
9-58 
9-55 
9-55 
9-52 
9-53 
9-5° 

9-48 
9.48 
9-47 
9-45 
9-43 
9-43 
9.42 
9.40 
9-38 
9-37 

9-37 
9-35 
9-33 
9-33 
9-30 
9-30 
9.28 
9.28 
9-25 
9-25 


D.  1". 


Cos. 


D.  i". 


Tan. 


9. 990404 
.990378 

•990351 
.990324 
.990297 
9.990270 
.990243 
.990215 
.99018S 
.990161 

9.990134 
.990107 
.990079 
.990052 
.990025 

9.989997 
.989970 
. 989942 
.989915 
. 989SS7 

9. 9S9S60 
.989832 


.989777 

•9S9749 
9.989721 

•989693 
. 989665 

.989637 
.9S9610 

9.989582 
•989553 
.989525 
.989497 
.9S9469 

9.989441 
.989413 

.9893S5 
.980356 
.989328 

9. 989300 
.9S9271 
.989243 
.989214 
.989186 

9-989I57 
.9S9128 
.9S9100 
.9S9071 
. 9S9042 

9.989014 
.9SS9S5 
.988956 
.9S8927 
.988898 

9.9S8869 
.988S40 


.988753 
9. 988724 

Sin. 


D.  1' 


D.  1". 


327475 
328095 

328715 
329334 
329953 
330570 
331187 
33ISo3 
332418 
333033 
333646 
334259 
334871 
335482 
336093 
336702 
33731 1 
3379 1 9 
33s527 
339*33 

339739 
340344 
34094S 

341552 
342155 
342757 
343358 
343958 
344558 
345157 

345755 
346353 
346949 
347545 
348 14 1 

348735 
349329 
349922 

3505H 
351106 

35l697 
3522S7 
352876 
353465 
354053 
354640 
355227 
355813 
35-6398 
3569S2 

357566 
358i49 
358731 
359313 
359893 
360474 
361053 
361632 
362210 
362787 
363364 

Cot. 


10.33 
10.33 
10.32 
10.32 
10.28 
10.28 
10.27 
10.25 
10.25 
10.22 

10. 22 
10.20 
10.18 
10.18 
10.15 
10. 15 
10. 13 
10.13 
10. 10 
10. 10 

10.08 
10.07 
10.07 
10.05 
10.03 
10.02 
10.00 
10.00 
9.98 
9-97 


9 

9 

9 

9 

9 

9 

9.88 

9.87 

9.87 

9.85 

9.83 
9.82 
9.82 
9.80 
9.78 
9.78 
9-77 
9-75 
9-73 
9-73 

9.72 
9.70 
9.70 
9.67 
9.68 
9-65 
9-65 
9-63 
9.62 
9.62 

D.  1". 


Cot. 


0.672525 
.671905 
.6712S5 
.670666 
. 670047 

o. 669430 
.668813 
.668197 
.667582 
. 666967 

0.666354 
.665741 
.665129 
.664518 
.663907 

o. 66329S 
.662689 
.662081 

.661473 

.660S67 
0.660261 

.659656 

, 6590^2 

.65844S 

•  6578.-15 
0.657243 

.656642 
. 656042 

.655442 
•654843 
0.654245 
.653647 
•653051 
.652455 
.651859 

0.651265 

.650671 
. 65007S 
. 649486 


0.648303 
.647713 

.647124 

.646535 

.645947 

0.645360 

.644773 

.644187 
. 643602 
.643018 

0.642434 

.641851 
.641269 
. 640687 
.640107 

0.639526 

.638947 
.638368 
.637790 
.637213 

o. 636636 
Tan. 


77c 


1666 


GENERAL  TABLES 


I3C 


M.   Sin.    D.  i 


o 
I 
2 
3 
4 
5 
6 

7 
8 

9 

10 

ii 

12 

13 
1 4 

15 
i5 

17 
i3 

19 

20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

30 

31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

4i 
42 

43 
44 
45 
46 

47 
48 

49 

50 
5i 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.352088 
.352635 
.353i8i 
.353726 
.354271 

9-3548I5 
.355358 
.355901 
.356443 
.356984 

9.357524 
.358064 
.358603 
.359141 
.359678 

9.360215 
. 360752 
.361287 
.361822 
.362356 

9.362.889 
.363422 
.363954 
•364485 
. 365016 

9. 365546 
. 366075 
.  366604 
.367131 
.367659 

9.368185 
.368711 
. 369236 
.369761 
. 370285 

9. 370808 

.371330 
.371852 

.372373 
.372894 

9.3734H 
•373933 

•  374452 

•  374970 
.375487 

9. 376003 

.376519 
•377035 
•377549 
.  378063 

9- 378577 
.379089 
.379601 
.380113 
. 380624 

9-38ii34 
.381643 
.382152 
. 382661 
.383168 

9-  383675 

Cos. 


D.  1' 


Cos. 


9.988724 
.988695 
.988666 
.9S8636 
.988607 
.9S8578 


988519 
9S84S9 
988460 

988430 
988401 
988371 
988342 
988312 
988282 
9S8252 
988223 
9S8193 
988163 

988133 
988103 
988073 
9S8043 
988013 
987983 

987953 
987922 
987892 


987832 
987801 
987771 
987740 
987710 
987679 

987649 
987618 
987588 
987557 
987526 
987496 
987465 
987434 
987403 
987372 

987341 
987310 

987279 
987248 

987217 
987186 

987155 
987124 
987092 
987061 
987030 
986998 
986967 
986936 
986904 

Sin. 


D.  1' 


Tan. 


D.  1' 


Cot. 


.50 
.48 
.48 
.50 
.48 
.50 
.48 
.50 

.48 
.50 
.48 

•  50 
.50 
.50 
.48 
.50 
.50 
.50 

•  50 

•  50 
.50 
.50 
.50 
.50 
.52 
.50 
.50 
.50 

.52 

•  50 
.52 
.50 
.52 

•  50 
.52 
.50 
•52 
.52 

•50 
.52 
•52 
.52 
.52 
•52 
.52 
.52 
.52 
.52 

.52 
.52 
.52 

•  53 
.52 
.52 

•  53 
.52 
.52 

•  53 

D.  1". 


9-363364 
.363940 
.364515 
.365090 
. 365664 

9. 366237 
.366810 
.367382 

.367953 
.368524 

9. 369094 
•  369663 
.370232 

•370799 
.371367 
9- 371933 
.372499 
.373064 
.373629 
•374193 

9-374756 
•375319 
.375881 
.376442 
•377003 

9-377563 
.378122 
.378681 
•379239 
•379797 

9.380354 
.380910 
.381466 
. 382020 

.382575 

9.383129 

.383682 

.384234 
.384786 
.385337 


.386438 
.386987 
.387536 


9.3S8631 
.389178 
.389724 
.390270 

.390815 
9. 391360 

.392447 
.392989 
.393531 

9-394073 
.394614 
.395154 
.395694 
•396233 

9. 396771 

Cot. 


9.60 
9.58 
9.58 
9-57 
9-55 
9-55 
9-53 
9-52 
9-52 
9-50 

9.48 
9-48 
9-45 
9-47 
9-43 
9-43 
9.42 
9.42 
9.40 
9-38 

9.38 
9-37 


9.28 

9.27 
9.27 
9-23 
9-25 
9-23 
9.22 


9.17 
9-15 
9.15 
9-x3 
9. 12 
9. 12 
9. 10 
9. 10 
9.08 
9.08 

9- °5 
9.07 

9-°3 
9- °3 
9- °3 
9.02 
9.00 

Q.  OO 


8.97 


D.  i' 


o.  636636 
.636060 

.635485 
.634910 
.634336 
0.633763 
.633190 
.632618 
.632047 
.631476 

0.630906 

•630337 
.629768 
.629201 
.628633 
o. 628067 

.627501 

.626936 

.626371 

. 625807 

0.625244 

.624681 
.624119 

.623558 

.622997 

0.622437 

.621878 

.621319 
.620761 
. 620203 

0.619646 
.619090 

.618534 

.617980 

.617425 

0.616871 
.616318 

.615766 

.615214 

. 614663 
0.614112 

.613562 
.613013 

.612464 
.611916 
0.61 1369 
.610822 
.610276 

.609730 

.609185 

o. 608640 
.608097 

•607553 

.607011 
.606469 

0.605927 

. 6053S6 
. 604846 
.604306 

.603767 

0.603229 
Tan. 


I03< 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1667 


i65c 


Sin. 


D.  i". 


9- 383675 
.384182 
.384687 
.385192 

.385697 
9.386201 
.386704 
.387207 
.387709 
.388210 

9. 38871 1 
.389211 
.389711 
.390210 
.390708 

9.391206 
•39J7°3 
.392199 
.392695 

9- 393685 
•394179 
•394673 
.395166 

•  395658 
9.396150 
.396641 
•397132 
.397621 

.398i 1 1 
9. 398600 


•399575 
.400062 
.400549 
9-401035 
.401520 
. 402005 
. 402489 
.402972 

9.403455 
.403938 
. 404420 
.404901 
. 4053S2 

9.405862 
.406341 
. 406820 
.407299 
•407777 

9.408254 
.408731 
.409207 
. 409682 
.410157 

9.410632 
.411106 

.4"579 

.412052 

.412524 

9.412996 

Cos. 


8.45 
8.42 
8.42 
8.42 
8.40 
8.38 
8.38 
8-37 
8-35 
8.35 

8-33 
8-33 
8.32 
8.30 
8.30 
8.28 
8.27 
8.27 
8.27 
8.23 

8.23 
8.23 
8.22 
8.20 
8.20 
8.18 
8.18 

8.15 
8.17 

8.15 

8.13 
8.12 
8.12 
8.12 
8.10 
8.08 
8.08 
8.07 
8.05 
8.05 

8.05 
8.03 
8.02 
8.02 
8.00 
7.98 
7.98 
7.98 
7-97 
7-95 

7-95 
7-93 
7.92 
7.92 
7.92 
7.90 
7.88 
7.88 
7.87 
7.87 

D.  1". 


Cos. 


9. 986904 
.986873 


.986778 
9. 9S6746 
.986714 
.986683 
.9S6651 
.986619 

9.986587 

•986555 
. 986523 
.986491 
.986459 
9.986427 

.986395 
•986363 
.986331 
. 986299 

9. 986266 
.986234 
. 986202 
.986169 
.986137 

9.986104 
. 986072 
.986039 
. 986007 
.985974 

9.985942 
.985909 
.985876 

.985843 
.985811 

9.985778 
•985745 
.985712 
.985679 
.985646 

9.985613 
.9855S0 

•985547 
•985514 
.9854S0 

9.985447 
.985414 
.9853S1 
•985347 
.9853H 

9.985280 
.985247 

•985213 
.985180 
.985146 

9-9S5"3 
•985079 
•985045 
.985011 
.984978 

9. 984944 

Sin. 


D.  1".  I   Tan.   D.  1".    Cot. 


•  52 
•53 

•  53 
•52 

•  53 

•  53 
•52 
•53 
•53 

•  53 

•53 
•53 

•  53 
•53 
•53 

•  53 
•53 
•53 

•  53 
•55 

•53 
•53 
•55 
•53 
•55 
•53 
•55 

•  53 
•55 
•53 

•55 
•55 
•55 
•53 

•  55 

•  55 
•55 
•55 
■55 
•55 

•  55 

•  55 

•  55 

•  57 
■55 

■  55 
■55 

■  57 

■  55 

■  57 

■  55 

■  57 
•55 

■  57 

■  55 
•57 

■  57 
■57 
■55 

•  57 


D.  i' 


9.396771 

•  397309 

.397846 

.398383 
.398919 

9-399455 
.399990 
.400524 
.401058 
.401591 

9.402124 
. 402656 
.403187 
.403718 

.404249 
9.404778 
.405308 
.405836 
.406364 
.406892 

9.407419 

•407945 
.408471 
.408996 
.409521 
9.410045 
.410569 
.411092 
.411615 
.412137 

9.412658 
•4I3I79 
.413699 
.414219 
.414738 

9-4I5257 
•415775 
.416293 
.416810 
.417326 

9.417842 
.418358 

.418873 
.419387 
.419901 
9.420415 
.420927 
.421440 
.421952 
.422463 

9.422974 
.423484 

•423993 
.424503 
.425011 

9.425519 
.426027 

.426534 

.427041 

.427547 

9. 428052 

Cot. 


8.97 
8-95 
8.95 
8-93 
8-93 
8.92 
8.90 
8.90 
8.88 


8.87 
8.85 
8.85 
8.85 
8.82 
8.83 
8.80 
8.80 
8.80 
8.78 

8.77 
8.77 
8-75 
8-75 
8.73 
8-73 
8.72 
8.72 
8.70 
8.68 

8.68 
8.67 
8.67 
8.65 
8.65 
8.63 
8.63 
8.62 
8.60 
8.60 

8.60 
8.58 
8.57 
8.57 
8-57 
8.53 
8-55 
8-53 
8.52 

8.52 

8.50 
8.48 
8.50 
8.47 
8.47 
8.47 
8.45 
8.45 
8.43 
8.42 

D.  i". 


o. 603229 
.602691 
.602154 
.601617 
.601081 

0.600545 
.600010 
.599476 
.598942 

•598409 

0.597876 

•597344 
.596813 
. 596282 

•595751 
o. 595222 

•594692 
.594164 
.593636 
.593io8 

0.592581 
•592055 

.591529 
.591004 

•590479 

°- 589955 

•589431 


.588385 
.587863 

0.587342 
.586821 
.586301 
.585781 
. 585262 

o-584743 
.584225 

.583707 
.583190 
.582674 

0.582158 
.581642 
.581127 
.580613 
.580099 

C579585 
.579073 
.578560 
.578048 
•577537 

o. 577026 

.576516 
.576007 

.575497 
.574989 

o. 574481 

•573973 
•573466 

.572959 

•572453 

0.571948 

Tan. 


75c 


1668 


GENERAL  TABLES 


I5< 


M.   Sin.    D.  I 


o 

i 

3 
3 
4 
5 
6 

I 

9 
io 
ii 

13 
13 
M 
15 
16 

17 
18 

19 

30 
21 
33 

23 
34 

25 
36 

37 

28 

39 

30 
3* 
33 
33 
34 
35 
36 
37 
38 
39 
40 
4i 
43 
43 
44 
45 
46 

47 
48 

49 

50 
5i 
53 
53 

54 

55 
56 
57 
53 
59 
60 


9.412996 
.413467 
.413938 
.414408 
. 414878 

9.415347 
.415815 
.416283 

.416751 
.417217 

9.417684 
.418150 
.418615 
.419079 

.419544 
9. 420007 
. 420470 
.420933 
.421395 
.421857 

9.422318 
.422778 
.423238 
.423697 
.424156 

9.424615 

.425073 
.425530 
.425987 
.426443 

9. 426899 

.427354 
.427809 
. 428263 

.428717 
9.429170 
.429623 
.430075 
.430527 
.430978 

9.431429 
.431879 
.432329 
.432778 
.433226 

9-433675 
.434122 

.434569 
•435°i6 
.435462 

9.435908 
.436353 
.436798 
.437242 
.437686 

9.438129 
.438572 
.439014 
.439456 
.439897 

9. 440338 

Cos. 


S5 
85 

S3 
33 

S2 

80 

7.80 

7.80 

7-77 
7.78 

7-77 

7-75 


73 
75 
72 
72 
72 
70 
7.70 
7.68 

7.67 
7.67 
7.65 
7.65 
7-65 
7-63 
7.62 
7.62 
7.60 
7.60 

7.58 
7.58 
7-57 
7-57 
7-55 
55 
53 
53 
52 
52 

50 

50 


Cos. 


D.  i' 


42 
42 
40 

3§ 

38 

7-37 
7-37 
7-35 
7-35 


D.  I' 


9.984944 
.984910 
.984876 
.984842 


9.984774 
.984740 
. 984706 
.984672 
.984638 

9.984603 
.984569 
.984535 
.984500 
.984466 

9.984432 
.984397 
.984363 
.984328 
.984294 

9.984259 
.984224 
.984190 

.984155 
.984120 
9.984085 
.984050 
.984015 
.983981 
.983946 

9. 98391 I 
.9S3875 
.983840 

.983805 

.983770 

9.983735 

.983700 

.983664 
.983629 
.983594 

9-983558 
.983523 
.9834S7 
.983452 
.983416 

9.983381 
.983345 
.983309 
.9S3273 
.983238 

9.983202 
.983166 
.983130 
.983094 
.983058 

9. 983022 
.982986 
.982950 

.982914 

.982878 

9. 982842 

Sin. 


•  57 

•  57 
-57 

•  57 

•  57 

•  57 

•  57 

•  57 

•  57 
.58 

•  57 
-57 
.58 

•  57 
-57 
.58 
-57 
.58 
-57 
.58 

.58 

•  57 
.58 
.58 
.58 
.58 
.58 
-57 
.58 
.58 

.60 
.58 
.58 
.58 
.58 
.58 
.60 
.58 
.58 
.60 

.58 
.60 
.58 
.60 
.58 
.60 
.60 
.60 
.58 
.60 

.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

D.  I" 


Tan. 


9. 428052 
.428558 
.429062 
.429566 
.430070 

9.430573 
.43i075 
.431577 
.432079 
.4325S0 

9.433080 
.43358o 
.434080 
•434579 
.435078 

9- 435576 
.436073 
.436570 
.437067 
.437563 

9-438059 
.438554 
.439048 

•439543 
.440036 

9-440529 
.441022 

.441514 
.442006 

.442497 

9. 442988 

•443479 
.443968 

.444458 
•444947 
9- 445435 
.445923 
.446411 
.446898 
.4473S4 

9.447870 
.448356 
.448841 
.449326 
.449810 

9.450294 

.450777 
.451260 

.451743 
.452225 

9.452706 
.453187 
.453668 
.454I4S 
.454628 

9. 455107 
.455586 
.456064 
.456542 

.457019 
9.457496 

Cot. 


D.I' 


8.43 
8.40 

8.40 
8.40 
8.38 
8.37 
8.37 
8.37 
8.35 
8-33 

8.33 
8.33 
8.32 
8.32 
8.30 
8.28 
8.28 
8.28 
8.27 
8.27 

8.25 
8.2? 
8.25 
8.22 
8.22 
8.22 
8.20 
8.20 
8.18 
8.18 

8.18 
8.15 
8.17 
8.15 
8.13 
8.13 
8.13 
8.12 
8.10 
8.10 

8.10 
8.08 
8.08 
8.07 
8.07 
8.05 
8.05 
8.05 
8.03 
8.02 

8.02 
8.02 
8.00 
8.00 
7.98 
7.98 
7-97 
7.97 
7-95 
7-95 

D.  1". 


i05c 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1669 
160  163' 


M.    Sin.    D.  1 


9. 440338 
.440778 
.441218 
.441658 
. 442096 

9- 442535 
■442973 
.4434io 
.443847 
«.  444284 

9.444720 

•445155 
.445590 
.446025 
.446459 
9.446893 
.447326 

•447759 
.448191 
.44S623 

9.449054 
.449485 
.449915 
.450345 
•  450775 

9. 451204 
.451632 
.452060 
.452488 
.452915 

9.453342 
.453768 

.454194 
.454619 

.455044 
9.455469 

.455893 
.456316 

.456739 
.457162 

9.457584 
. 45S006 

.458427 
.458848 
.459268 
9.459688 
.460108 
.460527 
. 460946 
.461364 

9.461782 
.462199 
.462616 
. 463032 
.463448 

9.463864 
.464279 
.464694 
.465108 
.465522 

9-465935 

Cos. 


7.28 
7.28 
7.28 
7.27 


7.22 
7.22 
7.20 
7.20 

7.i3 

7.18 
7.17 
7.17 
7.17 


Cos. 


7. 10 
7.10 

7.08 
7.08 
7.08 
7.07 

7- °5 
7.05 

7-°5 
7- °3 

7- °3 
7.02 
7.02 
7.00 
7.00 
7.00 
6.98 
6.98 
6.97 
6.97 

6-95 
6.95 
6-93 
6.93 
6-93 
6.92 
6.92 
6.90 
6.90 
6.88 

D.  1". 


D.  1' 


982842 
982805 
9S2769 

982733 
9S2696 
9S2660 
9S2624 
9S25S7 
9S2551 
982514 

982477 
9S2441 
9S2404 
9S2367 
9S2331 
9S2294 
9S2257 
982220 
9S21S3 
9S2146 

982109 
982072 
982035 
981998 
981961 
981924 
981886 
981849 
981812 
981774 

981737 
981700 
981662 
981625 
981587 
981549 
981512 
981474 
981436 
981399 

981361 

981323 
981285 
981247 
981209 
981171 

981 133 
981095 
981057 
981019 


1 

980942 
980904 
980866 
9S0827 
980789 
9S0750 
9S0712 
980673 
980635 
980596 

Sin. 


.62 
.60 
.60 
.62 
.60 
.60 
.62 
.60 
.62 
.62 

.60 
.62 
.62 
.60 
.62 
.62 
.62 
.62 
.62 
.62 

.62 
.62 
.62 
.62 
.62 

.63 
.62 
.62 

.63 
.62 

.62 

.63 
.62 

.63 
.63 
.62 

.63 
.63 
.62 

.63 

.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 

.65 
.63 
.63 
.65 
.63 
.65 
.63 
.65 
.63 
.65 

D.  1". 


Tan.   D.  1 


9.457496 
•457973 
.458449 

.458925 
.  459400 

9.459875 
.460349 
.460823 
.461297 
.461770 

9. 462242 
.462715 
.4631S6 
.463658 
.46412S 

9. 464599 
. 465069 

.465539 
.466008 

•466477 

9.466945 
.467413 
. 467SS0 
.468347 
.468814 

9. 469280 
•469746 
.470211 
.470676 
.471141 

9.471605 
. 472069 
•472532 
.472995 
•473457 

9.4739I9 
.474381 
•474842 
•475303 
.475763 

9.476223 

.4766S3 
.477142 
.477601 
.478059 

9.478517 
.478975 
.479432 
.479889 
.480345 

9. 480801 
.481257 
.481712 
.482167 
.482621 

9-483075 
.4S3529 
. 483982 

.484435 

.484887 

9-  485339 
Cot. 


7.95 


93 
93 
9-3 
92 
90 
90 
90 
S3 
87 
7.88 

7.S5 
7. 87 

7.83 
7.85 
7-83 
7.83 
7.82 
7.82 
7.80 

7.80 
7.78 
7- 78 


Cot. 


73 
77 

77 
75 
75 
75 
73 

73 
72 
72 
70 
70 
70 
68 
68 

67 
67 

7.67 
7.65 
7.65 
7-63 
7.63 
7-63 
7.62 
7.62 
7.60 
7.60 

7.60 
7.58 
7.58 
7.57 
7-57 
7-57 
7-55 
7-55 
7-53 
7-53 

D.  1". 


0.542504 
.542027 
.541551 
.541075 
.540600 

0.540125 
.539651 
.539177 
.538703 
.53S230 

0.537758 
.537285 
.536814 
•  536342 
.535872 

o.  535401 
.534931 
.534461 
.533992 
.533523 

O.533055 
.532587 
.532120 
.531653 
.53"86 

o. 530720 

.530254 
.529789 
.529324 
.528859 

0.528395 
.527931 
.527468 
.527005 
.526543 

o. 526081 

.525619 
.525158 
.524697 
.524237 

0.523777 
.523317 
.522858 

.522399 

.521941 

0.521483 

.521025 

. 520568 

.520111 

•.519655 

0.519199 

.518743 
.518288 

.517833 
.517379 
0.516925 
.516471 
.516018 
.515565 
.515113 

o. 514661 
Tan. 


73' 


1670 


GENERAL  TABLES 


I7( 


162 


M. 


Sin. 


11 
12 
13 
M 
15 
16 

17 
18 

19 
20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

3° 

3i 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 

49 

50 
5i 
52 

53 
54 
55 
56 
57 
58 
59 
60 


9.465935 
. 466348 
.466761 
.467173 
.467585 

9.467996 
. 468407 
.46S817 
.469227 
.469637 

9. 470046 

.470455 
.470863 
.47T271 

•47T679 
9. 472086 
.47-402 
• 47"S9S 
.473304 
.4737io 

9.474"5 
•4745*9 
.474923 
.475327 
.475730 

9-476T33 
.476536 
.476938 
.477340 
.477741 

9.478142 
.478542 
.478042 
.479342 
•47974i 

9.480140 

.480539 
.480937 
.481334 
.481731 

9.482128 
.482525 
.482921 
.483316 
.483712 

9. 484107 
.484501 

.484895 
.485289 
.485682 

9.486075 


D.  I' 


.486860 
.487251 

.487643 
9. 488034 
.488424 
.488814 
. 489204 

•  489593 
9. 489982 


6.88 
6.88 
6.87 
6.87 
6.85 
6.85 
6.83 
6.83 
6.83 
6.82 

6.82 

6.80 
6.80 
6.80 
6.78 
6.77 
6.77 
6.77 
6.77 
6-75 

6.73 

6.73 
6.73 
6.72 
6.72 
6.72 
6.70 
6.70 
6.68 
6.68 

6.67 
6.67 
6.67 
6.65 
6.65 
6.65 
6.63 
6.62 
6.62 
6.62 

6.62 
6.60 


Cos. 


6.53 
6.55 
6.52 

6-53 
6.52 
6.50 
6.50 
6.50 
6.48 
6.48 


9.980596 
.980558 
.980519 


.980442 
9.980403 
.980364 
.980325 
.980286 
.980247 

9. 980208 
.980169 
.980130 
.980091 
. 980052 

9.980012 
.979973 
•979934 
.979895 
.979855 

9.979816 
.979776 
•979737 
.979697 
.979658 

9.979618 
•979579 
•979539 
. 979499 
•979459 

9.979420 
.97938o 
.979340 
.979300 
. 979260 

9. 979220 
.9791S0 
.979140 
.979100 
.979059 

9.979019 
.978979 
.978939 


D.  1". 


9.978817 

.978777 
.978737 
. 978696 

.978655 
9.978615 
.978574 
.978533 
.978493 
.978452 
9. 97841 1 
.978370 
.978329 


. 978247 
9. 978206 


D.  1". 


Sin. 


.63 
.65 
.65 
.63 
.65 
.65 
.65 
.65 
.65 
.65 

.65 
.65 
.65 
.65 
.67 
.65 
.65 
.65 
.67 
.65 

.67 
.65 
.67 
.65 
.67 
.65 
.67 
.67 
.67 
.65 

.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.68 

.67 

.67 
.67 
.68 

.67 
.68 

.67 
.67 
.68 
.68 
.67 

.68 
.68 

.67 
.68 
.68 
.68 
.68 
.68 
.68 
.68 


Tan. 


D.  1" 


Cot. 


9-485339 
.485791 
. 486242 
.486693 
.487M3 

9.487593 
.488043 
. 488492 
,488q4i 
.489390 


D.  1" 


. 4902S6 

.490733 
.4911S0 
.491627 
9. 492073 
.492519 
.492965 
.493410 

.493854 

9.494299 

•494743 
.495186 

.495630 
.496073 
9- 49D51 5 
.496957 
•497399 
.497841 
. 498282 

9.498722 
.499163 
.499603 
.500042 
.5004S1 

9. 500920 

•501359 
.501797 

.502235 
.502672 

9.503109 
.503546 
.503982 
.504418 
.504854 

9-505289 
.505724 
.506159 
.506593 
.507027 

9.507460 

.507893 
. 508326 

.508759 

.509191 

9. 509622 

.510054 

.510485 

.510916 

.511346 

9.511776 


7-53 
7-52 
7-52 
7-50 
7-50 
7- 50 
7.48 
7.48 
7.48 
7-47 

7-47 
7-45 
7-45 
7-45 
7-43 
7-43 
7-43 
7.42 
7.40 
7.42 

7.40 
7-38 
7.40 
7.38 
7-37 
7-37 
7-37 
7-37 
7-35 
7-33 

7-35 
7-33 
7-32 
7-32 
7-32 
7.32 
7.3o 
7-3o 
7.28 
7.28 

7.28 
7.27 
7.27 
7.27 
7.25 
7.25 
7-25 
7.23 
7-23 
7.22 

7.22 
7.22 
7.22 
7.20 
7.18 
7.20 
7.18 
7.18 
7.17 
7.17 


Cot. 


D.  1' 


o. 514661 
.514209 
.513758 
.513307 
.512857 

0.512407 

.511957 
.511508 

•5II059 
.510610 

o. 510162 

.509714 
. 509267 
.508820 

. 508373 

0.507927 

.507481 

.507035 
.506590 
.506146 

0.505701 
.505257 
.504814 

•50437° 
.503927 
0.503485 
•  503043 
.502601 

.502159 
.501718 

o. 501278 
. 500837 
.500397 
.499958 
.499519 

o. 4990S0 
.498641 
.498203 
.497765 
.497328 


.496454 

.496018 

.4955S2 
.495146 

0.49471 I 
.494276 
.493841 
.493407 
.492973 

0.492540 

.492107 

.491674 
.491241 
.490S09 

0.490378 
.4S9946 

.489515 
.4S90S4 
.4S8654 

0.4S8224 


60 

59 
53 
57 
55 
55 
54 
53 
5* 
5i 

5° 
49 

48 

47 
4G 

45 
44 
43 
42 
4i 

4< 
3? 
3* 
3/ 
3* 
3.' 
3- 
3: 
35 
3i 

3< 

2c 
2< 
2: 
21 
2.' 
2< 
2; 
2i 
21 

2C 
IC 
l\ 
1/ 
If 
I« 
It 

I; 
IS 
II 

IC 

i 

1 
t 


Tan. 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     167 1 


i8c 


1610 


M. 


10 
11 
12 
13 
M 
15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 
28 

29 


Sin. 


D.  1".  I   Cos.    D.  1". 


9. 4899S2 
.490371 

•  490759 
.491147 

•491535 
9.491922 
.49230S 
.492695 
.4930S1 
.493466 

9-49385I 
.494236 
.494621 
.495005 
.495388 

9-495772 
.496154 

•496537 
.496919 
.497301 

9.497682 
. 498064 

.498444 
.498825 
.499204 

9- 499584 
.499963 
.500342 
.500721 
.501099 

9.501476 
.501854 
.502231 
.502607 
.502984 

9. 503360 

.503735 
.504110 

.5044S5 
.  504S60 

9. 505234 
.505608 
.505981 
.506354 
.  506727 

9-  507099 
.507471 
•507843 
.508214 
.508585 

9.508956 
.509326 
.509696 
.510065 

•510434 
9.510803 

.511172 
•5i 1540 
.511907 
•512275 
9.512642 


6.48 
6.47 
6.47 

6.47 
6.45 
6-43 
6.45 
6-43 
6.42 
6.42 

6.42 
6.42 
6.40 
6.38 
6.40 

6.37 
6.38 
6-37 
6-37 
6-35 

6-37 
6-33 
6-35 
6.32 

6-33 
6.32 

6.32 
6.32 
6.30 
6.28 

6.30 
6.28 
6.27 
6.28 
6.  27 
6.25 
6.  25 
6.25 
6.  25 
6.23 

6.23 

6.  22 
6.22 
6.22 
6.20 
6.20 
6.20 
6.18 
6.18 
6.18 

6.17 
6. 17 
6.15 

6-15 
6.15 

6.15 

6. 13 

6. 12 

6.13 

6. 12 


Cos. 


D.  1" 


9. 97S206 
.978165 
.978124 
.978083 
. 978042 

9. 978001 

•977959 

.977918 

.977877 
•977835 

9-977794 
.977752 
.977711 
.977669 
.977628 

9.977586 
•977544 
.977503 
.977461 

.977419 

9- 977377 
•977335 
.977293 
.977251 
.977209 

9.977167 
.977125 
.9770S3 
.977041 
.976999 

9.976957 
.976914 
.976872 
. 976830 
.976787 

9.976745 
. 976702 
. 976660 
.976617 
•976574 

9.976532 
.976489 
•976446 
.976404 
.976361 

9.976318 
.976275 
.976232 
.9761S9 
. 976146 

9.976103 
.976060 
.976017 
•975974 
•975930 

9- 975887 
•975844 
. 975S00 

•975757 

•975714 

9- 975670 

Sin. 


Tan.    D.  1 


Cot. 


.68 


.68 
.68 
.70 


.70 
.68 
.70 
.68 

-70 
.70 
.68 


,70 

7o 


.70 
■  70 


.70 
.72 
.70 
.70 
.72 
.70 

•72 

,70 
,72 
72 


.72 
-70 
.72 
.72 

•  72 
.72 

•  72 

•  72 

•  72 

.72 
.72 
.72 

•73 
■  72 
-72 
■73 
.72 

•  72 
•73 


D.  1' 


9-5II776 
.512206 
•512635 
.513064 
.513493 

9-5i392i 
•514349 
.514777 
.515204 
•515631 

9-516057 
. 516484 
.516910 
•517335 
.517761 

9.518186 
.518610 
.5I9034 
.519458 
.519882 

9. 520305 

.520728 
.521151 
.521573 
.521995 
9.522417 
.522838 

.523259 
. 523680 
.524100 

9.524520 
.524940 
•525359 
.525778 
.526197 

9.526615 

•  527033 
.527451 
. 527868 
.528285 

9. 528702 
.529119 
.529535 
.529951 

•  530366 
9-53078I 

.53"96 
.531611 
.532025 
•532439 

9.532853 
.533266 

•533679 
.534092 
.534504 

9- 5349i6 
.535328 
•535739. 
.536150 
•  536561 

9- 536972 

Cot. 


7.17 

7-15 
7-15 
7.15 
7.13 
7.13 
7-13 
7. 12 
7. 12 
7.10 

7.12 
7. 10 
7.08 
7.10 
7.08 
7.07 
7.07 
7.07 
7.07 

7-05 

7.05 
7-o5 
7.03 
7.03 
7-03 
7.02 
7.02 
7.02 
7.00 
7.00 

7.00 
6.98 
6.98 
6.98 

6-97 
6.97 

6-97 
6-95 
6-95 
6-95 

6-95 
6-93 
6-93 
6.92 
6.92 
6.92 
6.92 
6.90 
6.90 
6.90 

6.88 
6.88 
6.88 
6.87 
6.87 
6.87 
6.85 
6.85 
6.85 
6.85 


o. 488224 
.487794 
.487365 
.486936 
.486507 

o. 486079 

.485651 

.485223 

.484796 
.484369 

0-483943 
.483516 
.483090 
.482665 

.482239 
0.481814 
.481390 
.480966 
•4S0542 
.480118 

o. 479695 

.479272 


.478427 
.478005 

0-477583 
.477162 

.476741 
.476320 
.475900 

0.475480 
.475060 

.474641 
.474222 

.473803 
0.473385 
.472967 
.472549 
.472132 
.471715 

0.471298 
.470881 
.470465 
.470049 
.469634 

0.469219 


D.  1' 


.468389 

.467975 
.467561 

0.467147 
.466734 
.466321 
.465908 
.465496 

o. 465084 
. 464672 
.464261 

.463850 
.463439 

o. 463028 
Tan. 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 

50 
49 
48 

47 
46 

45 
44 
43 
42 

41 

40 
39 
38 
37 
36 
35 
34 
33 
32 
3i 

30 
29 
28 
27 
26 

25 
24 

23 
22 
21 

20 

19 

18 

17 
16 

15 
14 
13 

12 
11 


7i' 


1672 


GENERAL  TABLES 


I9C 


i6< 


M.    Sin.    D.  1 


o 

1 
2 

3 
4 
5 
6 

I 

9 
zo 

XI 
12 
13 
M 
15 
16 

17 
18 

19 
20 
21 
22 
23 
24 
25 
26 

27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

4° 
4i 
42 
43 

44 
45 
46 

47 
48 

49 

5° 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.512642 
.513009 
.513375 
.513741 
.514107 

9.5M472 
.514837 
.5I52°2 
.515566 
.515930 

9.516294 
.516657 
.517020 
.517382 

.517745 
9.518107 
.518468 
.518829 
.519190 
.519551 

9.5I99" 

.520271 
.520631 
.520990 

.521349 
9.521707 
. 522066 
.522424 
.522781 
.523138 

9.523495 
.523852 
.524208 

.524564 
. 524920 

9.525275 
.525630 
.525984 
.526339 
.526693 

9.527046 
.527400 

.527753 
.528105 

.528458 

9. 528810 

.529161 

.529513 
.529864 

.530215 

9.530565 
•  5309*5 
.531265 

.531614 
.531963 

9.532312 
. 532661 
.533009 
•533357 
.533704 

9- 534052 

Cos. 


Cos. 


6.05 
6.05 
6.03 

•05 
■03 

.02 
,02 
.02 
.02 
.00 


6.O0 

6.00 

5.98 

5- 

5- 

5- 
5- 
5- 

5. 
5- 


90 
S3 
S7 

ss 

S7 
85 
S7 
.  85 
5.85 
5.83 

5.83 
5.83 
5.82 
5.82 
5.82 
5.82 
5.80 
5.80 
5.78 
5.80 


D.  i' 


9.975670 
.975627 
.975583 
•975539 
.975496 

9.975452 
.975408 
.975365 
.975321 
.975277 

9.975233 
.9751S9 

.975145 
•975IOI 
.975057 
9.975013 
.974969 

.974925 
.974880 

.974836 

9.974792 
.974748 
.974703 
.974659 
.974614 

9.974570 
•974525 
.9744S1 
•974436 
.974391 

9-974347 
.974302 

.974257 
.974212 

.974167 
9.974122 
.974077 
.974032 
•9739S7 
•973942 

9.973897 
•973S52 
.973S07 
.973761 
.973716 

9.97367I 
•973625 
.973580 
•973535 
•973489 

9-973444 
•97339s 
•973352 
•973307 
.973261 

9-973215 
.973169 

•973124 

•973073 

•973032 

9.972986 

Sin. 


D.  1' 


Tan. 


.72 
.73 
.73 
.72 
.73 
.73 
.72 
.73 
.73 
.73 

.73 
.73 
.73 
.73 
.73 
.73 
.73 
.75 
.73 
.73 

.73 
.75 
.73 
.75 
.73 
.75 
.73 
.75 

•  75 
.73 

.75 

•  75 
.75 
.75 
.75 
.75 

•  75 

•  75 

•  75 

•  75 

•  75 

•  75 

•  77 

•  75 

•  75 

•  77 

•  75 

•  75 

•  77 

•  75 

•  77 

•  77 

•  75 

•  77 

•  77 

•  77 

•  75 

•  77 

•  77 

•  77 

D.  1" 


9.536972 
.537382 
.537792 
.538202 
.538611 

9. 539020 
.539429 
.539837 
.540245 
.540653 

9.541061 
.541468 

.541875 
.542281 
.5426S8 
9.543094 
•543499 
.543905 
.544310 

.544715 

9.545"9 
.545524 
.545928 
.546331 
.546735 

9.547138 
•547540 
•547943 
.548345 
.548747 

9.549149 
•549550 
.549951 
.550352 
.550752 

9-55"53 
.551552 
.551952 
.552351 
.552750 

9.553149 
•553543 
.553946 
•554344 
•554741 

9.555139 
.555536 
•555933 
.556329 
.556725 

9.557I2I 

.557517 
.557913 
.558308 
.558703 

9.559097 
.559491 
.559885 
.560279 
.560673 

9. 561066 

Cot. 


D.  1' 


Cot. 


6.80 

6.78 
6.78 

6.77 
6.78 

6.77 
6.75 
6.77 

6-75 
6.75 
6.73 

6.75 
6.73 
6.72 

6-73 
6.72 
6.70 
6.72 
6.70 
6.70 
6.70 

6.6S 
6.68 
6.68 
6.67 
6.63 
6.65 
6.67 
6.65 
6.65 
6.65 

6.65 
6.63 
6.63 
6.62 
6.63 
6.62 
6.62 
6.60 
6.60 
6.60 

6.60 
6.60 
6.58 
6.58 
6.57 

^57 

*'57 
6.57 

6-55 


D.i' 


o.  463028 
.462618 
.462208 
.461798 
.461389 

0.460980 
.460571 
.460163 
•459755 
•459347 

o.458939 
.458532 
.458125 
.457719 
.457312 

o.  456906 

.456501 
.456095 
.455690 
.455285 
0.454881 
•454476 
.454072 
.453669 
.453265 

0.452862 

.452460 
.452057 
.451655 
.451253 
0.450851 
.450450 
.450049 
.44964S 
.449248 

0.448847 

.448448 

.448048 

.447649 
.447250 
0.446851 
.446452 
.446054 
.445656 
.445259 

o. 444861 

.444464 
.444067 

.443671 

.443275 

0.442879 

.4424S3 
.4420S7 
.441692 

.441297 

0.440903 

.440509 
.440115 
.439721 
.439327 
0.438934 

Tan. 


7<>c 


TABLE  OF  LOGARITHMIC  SINES— COSINES, 

ETC.  1673 

3° 

159° 

o 

Sin. 

D.  1". j 

Cos. 

D.  I". 

Tan. 

D.  1". 

Cot. 

9. 534052 

5.78 
5-77 

9.972986 

.77 
.77 
.77 

.77 
78 

9.561066 

6-55 

6  ci 

0.438934 

60 

z 

•534399 

•  972940 

.561459 

.438541 

59 

2 

•534745 

.972S94 

.561851 

°-  53 

.438149 

58 

3 

.535092 

5"„  1 

.972848 

.562244 

D-5^ 
6.53 

.437756 

57 

4 

.535438 

5-  //  ' 

5-75 

5-77 

.972502 

. 562636 

.437364 

56 

5 

9-535783 

9-972755 

.77 

9. 56302S 

0.53 
6  s? 

0.436972 

55 

6 

.536129 

•972709 

.563419 

0.  j,.* 
6.53 

.436581 

54 

7 

.536474 

5-75 
5-73 

.972663 

.77 

.77 

78 

.563811 

.436189 

53 

8 

.536Si8 

.972617 

.564202 

0.52 
6.52 
6.50 

.435798 

52 

9 

•537163 

5-  75 
5-73 

.972570 

.  /3 
.77 

.564593 

.435407 

51 

IO 

9-537507 

5-73 
5-72 
5-73 
5-70 
5-72 

9-972524 

.77 
.78 

.77 
78 

9.564983 

0.435017 

5° 

ii 

.537S51 

.97247S 

.565373 

6.50 

.434627 

49 

12 

.538194 

.972431 

.565763 

.434237 

48 

13 

.538538 

•9723S5 

.566153 

6!  48 

.433847 

47 

14 

.538880 

•972338 

•78 

. 566542 

.433458 

46 

'5 

9-  539223 

9.972291 

.7° 

9- 566932 

6.  50 

6.47 
6.48 
6.48 
6.47 
6.45 

0.433068 

45 

16 

.539565 

5-  7° 
5-70 
5-70 

•972245 

.77 

78 

.567320 

.432680 

44 

17 

.539907 

.972198 

.78 

.567709 

.432291 

43 

18 

.540249 

•972I5I 

.568098 

.431902 

42 

19 

•  .540590 

5.00  | 

5-6S 

.972105 

.77 
.78 

.56S486 

.43I5M 

41 

20 
21 

9.540931 
.541272 

5-68 
5.68 
5.67 
5.67 
5.65 
5.65 
5.65 
5.65 
5.63 
5.63 

9.972058 
.972011 

.78 
78 

9.568873 
.569261 

6.47 

0.431127 
.430739 

40 

39 

22 

.541613 

.971964 

78 

.569648 

°-4o 
6.45 
6.45 
6.45 
6.43 
6-43 
6.43 
6.42 

•430352 

38 

23 

.541953 

.971917 

78 

.570035 

.429965 

37 

24 

.542293 

.971870 

78 

.570422 

.429578 

36 

25 
26 

9- 542632 
.542971 

9.971823 
.971776 

.  /° 

.78 

78 

9- 570809 
.571195 

0.429191 
.428805 

35 
34 

27 

.543310 

.971729 

.78 

78 

.571581 

.428419 

33 

28 

.543649 

.9716S2 

.571967 

.42S033 

32 

29 

.543987 

•971635 

•  /° 

.78 

.572352 

6.43 

.427648 

31 

30 

9- 544325 

5.63 

9.971588 

.80 

9-572738 

6.42 
6.40 

0.427262 

30 

3* 

.544663 

.971540 

'78 

.573123 

.426877 

29 

32 

.545000 

5. 62 
5-63 
5.60 
5.62 
5.60 
5.60 

.971493 

.7° 

78 

•573507 

.426493 

28 

33 

.545338 

.971446 

80 

.573892 

6.40 
6.40 
6.40 
6.38 
6.38 
6.38 
6.38 

.426108 

VJ 

34 

.545674 

.971398 

'.1* 

.80 

.574276 

•425724 

26 

5i 

9. 54601 1 

9-97I35I 

9-  574660 

0.425340 

25 

$6 

.546347 

.971303 

*78 

.575044 

.424956 

24 

3£ 

.546683 

.971256 

•  i° 
80 

.575427 

.424573 

23 

33 

.547019 

5. 60 
5-58 
5-5S 

.971208 

*78 

.5758io 

.424190 

22 

19 

•547354 

.971161 

.80 

.576193 

.423807 

21 

|Q 

9.547689 

5-58i 
5-58 
5-57  ! 
5-57  | 
5-55 

9.971113 

.78 

80 

9- 576576 

6.38 
6.37 
6.37 
6.35 
6.37 

0.423424 

20 

;i 

. 548024 

.971066 

•  576959 

.423041 

19 

ja 

•  543359 

.971018 

!8o 

•577341 

.422659 

18 

43 

•548693 

.970970 

80 

•  577723 

.422277 

17 

M 

•549027 

.970922 

*8o 

.578104 

.421896 

16 

45 

9. 549360 

9.970S74 

80 

9. 578486 

6-35 
6-35 
6.35 
6.33 
6-33 

0.421514 

15 

0 

.549693 

5-55 
5-55 
5-55 
5-55 
5-53 

.970827 

.578867 

.421133 

14 

47 

.550026 

.970779 

!so 

.579248 

.420752 

13 

^3 

•550359 

•970731 

|8o 

.579629 

.420371 

12 

49 

.550692 

.9706S3 

!8o 

.580009 

.419991 

XX 

50 

9- 551024 

9.970635 

82 

9.580389 

6-33 
6-33 
6.32 
ft  10 

0.419611 

xo 

5i 

•551356 

5-53 

•970586 

80 

.580769 

.419231 

9 

52 

.551687 

5-52 

.970538 

!so  . 
80 

.581149 

.418851 

8 

53 

.552018 

5-52 
5-52 
5-52 
5-50 
5-52 
5.48 

.970490 

.581528 

.418472 

7 

54 

.552349 

.970442 

.80 

.581907 

6.32 
6.32 
6.32 
6.30 
6.30 
6.28 

.418093 

6 

55 
56 

9. 552680 
.553010 

9-970394 
•970345 

."82 
.80 

9. 582286 
.582665 

0.417714 
.417335 

5 
4 

57 

•553341 

.970297 

.80 

.583044 

.416956 

3 

58 

.553670 

.970249 

|g2 

.583422 

.416578 

2 

59 

.554000 

5-5° 
5.48 

. 970200 

!8o 

.583800 

.416200 

X 

5o 

9- 554329 

9.970152 

9- 584177 

0.415823 

0 

Cos. 

D.  I". 

Sin. 

D.  1". 

Cot. 

D.  1". 

Tan. 

M. 

[0 

D 

69° 

1674 


GENERAL  TABLES 


2IV 


15 


M.    Sin. 


o 

1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4i 
42 
43 
44 
45 
46 

47 
48 

49 

50 
5i 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9-554329 
.554658 

•  554987 
.555315 
. 555643 

9-555971 

•  556299 
. 556626 

•  556953 
.557280 

9- 5576o6 

.557932 
.558258 
.558583 
.558909 
9.559234 
.559558 
.559883 
. 560207 

.560531 

9- 560855 
.561178 
.561501 
.561824 
. 562146 

9. 562468 
.562790 
.563112 
.563433 
.563755 

9.564075 
. 564396 
.564716 
.565036 
.565356 

9- 565676 
.565995 
.566314 
. 566632 

.566951 

9- 567269 

.567587 
.567904 
.568222 

.568539 

9.568856 

.569172 


D.  i' 


.569804 
.570120 

9-570435 
.570751 
.571066 
.571380 
.571695 

9.572009 

.572323 
.572636 
.572950 
.  573263 
9-  573575 

Cos. 


5-48 
5.48 
5-47 
5-47 
5-47 
5-47 
5-45 
5-45 
5-45 
5-43 

5-43 
5-43 
5-42 
5-43 
5-42 
5-40 
5-42 
5-40 
5-40 
5-40 


Cos. 


37 
37 
5-37 
5-37 
5-35 
5-37 
5-33 

5-35 
5-33 
5-33 
5-33 
5-33 
5-32 
5-32 
5-30 
5-32 
5-30 

5-30 
5-28 
5-30 
5-28 
5-28 
5-27 
5-27 
5-27 
5-27 
5.25 


5. 
5. 
5> 
5> 
5. 
5. 
5. 
5 
5. 
5. 

D.  i' 


970152 
970103 

970055 
970006 

969957 
969909 


11 

969762 
969714 

969665 
969616 
969567 
969518 

969469 
969420 
969370 
969321 
969272 
969223 

969173 
969124 
969075 
969025 
968976 
968926 
968877 
968827 
968777 
968728 


968628 
968578 
968528 
968479 
968429 
968379 
968329 
968278 
968228 

968178 
968128 
968078 
968027 
967977 
967927 
967876 
967826 

967775 
967725 

967674 
967624 

967573 
967522 
967471 
967421 
967370 
967319 
967268 
967217 
967166 

Sin. 


D.  i' 


82 
So 

S2 
82 

So 
82 
82 

S2 

SO 

82 

82 

82 

S2 
S2 
S2 

S3 
82 
82 
S2 
83 
S2 
82 

S3 
82 

83 

S2 
83 

S3 
82 

S3 

83 
S3 
S3 

82 

S3 
S3 
S3 
S5 
S3 
S3 

S3 
S3 
S5 
S3 
S3 
85 
S3 
85 
S3 
85 

S3 
S5 
S5 
S5 
83 
S5 
85 
85 
S5 
85 


D.  1" 


Tan. 


9-584I77 

.584555 
.584932 
.585309 
.5856S6 
9. 5S6062 

.586439 
.586815 
.587190 
.587566 

9.587941 
.588316 
. 588691 
. 589066 
.5S9440 

9.589814 
.590188 
. 590562 
.590935 
.  59^08 

9.591681 

.592054 
. 592426 

.592799 
.593171 
9-593542 
.5939H 
.594285 
.594656 
.595027 

9.595398 
.595768 
.596138 
.596508 
.596878 

9.597247 
.597616 

.597985 
.598354 
.598722 

9.599091 
•599459 
.599827 
.600194 
. 600562 

9. 600929 
.601296 
.601663 
.602029 
.602395 

9.602761 
.603127 
•603493 
.603858 
.604223 

9. 604588 
.604953 
.605317 
.605682 
.606046 

9.606410 

Cot. 


D.  i' 


Cot. 


6.30 
6.28 
6.28 
6.28 
6.27 
6.28 
6.27 
6.  25 
6.27 
6.25 

6.25 
6.25 
6.25 
6.23 
6.23 
6.23 
6.23 
6.  22 
6.  22 
6.22 

6.  22 
6.20 
6.  22 
6.20 
6.18 
6.20 


6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 

6. 

6. 

6.08 

6.08 

6.08 

6.08 

6.07 

6.08 

6.07 

6.07 

D.  1". 


0.415823 

.415445 
.415068 
.414691 
.4H3H 

o.4i3938 
.413561 
.413185 
.412810 
.412434 

0.412059 
.411684 
.411309 
.410934 
.410560 

0.410186 
.409812 
.409438 
.409065 
. 408692 

0.408319 
.407946 

.407574 
.407201 
. 406829 

o. 40645S 
. 4060S6 
•405715 
.405344 
.404973 

0.404602 
.404232 
.403862 
.403492 
.403122 

0-402753 
.402384 
.402015 
.401646 
.401278 

o. 400909 

.400541 
.400173 
. 399806 
. 399438 
0.399071 

.398704 
.398337 
.397971 
.397605 

0.397239 
.396873 
.396507 
.396142 

.395777 
0.395412 

.395047 
.394683 
.394318 
.393954 
0.393590 

Tan. 


nr 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1675 


156' 


M.        Sin.         D.i".  Cos.  D.i".         Tan.        D.  1".  Cot. 


9. 573575 
.573888 
.574200 
.574512 
.574824 

9.575136 
•575447 
•  575758 
. 576069 

•576379 
9.576689 
.576999 
.577309 
.5776i8 

•577927 
9.578236 

•578545 
.578853 
.579162 

.579470 

9-579777 
.580085 
.580392 
. 580699 
.581005 

9-581312 
.581618 

.581924 
. 582229 

.582535 
9. 582840 
.583145 
•583449 
.583754 
.584058 
9.584361 
.584665 
.584968 
.585272 
•585574 

9.585877 
.586179 
.586482 
.586783 
.587085 

9.587386 
.587688 

.587989 
.588289 
.588590 


9- 

.589190 
.589489 
.589789 
.590088 

9-  590387 
.590686 
.590984 
•59I282 
.591580 

9.591878 

Cos. 


5.22 

5- 20 

5- 20 

20 

20 
18 
18 
iS 
17 
17 


5.15 
5.13 

5-12 

5-13 
5.12 
5.12 
5.10 
5.12 
5- 10 
5.10 
5-  08 
5.10 
5.08 

5.08 
5.07 


5-07 
5.03 
5.05 

5.03 
5.05 
5- 02 
5.03 
5- 02 
5-03 
5-  02 
5.00 
5.02 
5.00 

5.00 
4.98 
5- 00 
4.98 
4.98 
4.98 
4-97 
4-97 
4-97 
4.97 

D.  1". 


9.967166 
.967115 
.967064 
.967013 
.966961 

9.966910 
•  966859 


. 966756 
.966705 

9- 966653 
. 966602 
•  966550 
.966499 
•966447 

9.966395 
.966344 
. 966292 
.966240 
.966188 

9.966136 
. 9660S5 
.966033 
.965981 
.965929 

9.965876 
.965824 
.965772 
.96572o 
.965668 

9.965615 
•965563 
.965511 
•965458 
.965406 

9.965353 
.965301 
.965248 
.965195 
.965143 

9.965090 

.965037 
.9649S4 
.964931 

.964879 
9. 964826 

.964773 
. 964720 
. 964666 
.964613 

9.964560 
.964507 

.964454 
.964400 

•964347 

9.964294 

.964240 

.964187 

.964133 

. 964080 

9. 964026 

Sin. 


.85 

.85 
.85 
.87 
.85 
.85 
.85 
.87 

.85 

•  87 

.85 
.87 
.85 
.87 
.87 

•  85 
.87 
.87 
.87 
.87 

.85 
.87 
.87 
.87 
.88 
.87 
.87 
.87 

.87 
.88 

.87 
.87 

.88 

.87 
.88 

•  87 
.88 
.88 
.87 


•  87 
.88 
.88 
.88 
.90 
.88 
.88 

.88 
.88 
.90 
.88 
.88 
.90 
.88 
.90 
.88 
.90 

D.  1". 


9.606410 
. 606773 
.607137 
. 607500 
.  607863 

9. 608225 


. 608950 
.609312 
.609674 

9.610036 
.610397 
.610759 
.611120 
.611480 

9.611841 
.612201 
.612561 
.612921 
.613281 

9.613641 
.614000 

.614359 
.614718 
.615077 
9-6i5435 
•6i5793 
.616151 
.616509 
.616867 

9.617224 
.617582 
.617939 
.618205 
.618652 

9.619008 
.619364 
.619720 
.620076 
.620432 

9. 620787 
.621142 
.621497 
.621852 
.622207 

9.622561 
.622915 
.623269 
. 623623 
.623976 

9.624330 
.624683 
. 625036 
.625388 
.625741 

9.626093 
.626445 
.626797 
.627149 
.627501 

9.627852 

Cot. 


6.05 
6.07 
6.05 
6.05 
6.03 
6.05 
6.03 
6.03 
6.03 
6.03 

6.02 
6.03 
6.02 
6.00 
6.02 
6.00 
6.00 
6.00 
6.00 
6.00 

5.98 
5.98 
5.98 
5.98 
5-97 
5-97 
5-97 
5-97 
5-97 
5-95 

5-97 

5-95 
5-93 
5-95 
5-93 
5-93 
5-93 
5-93 
5-93 
5-92 

5.92 

5-92 
5.92 
5-92 
5-90 
5-90 
5-90 
5-90 
5-88 
5-90 

5-88 
5-88 

5.87 
5-88 

5.87 
5.87 
5.87 
5.87 
5.87 
5.85 

D.  1". 


Tan. 


°. 393590 

60 

.393227 

59 

.392863 

58 

.392500 

57 

•392137 

56 

0.391775 

55 

.391412 

54 

.391050 

53 

.3906S8 

52 

.390326 

5i 

0.389964 

50 

.389603 

49 

.389241 

48 

.388880 

47 

.388520 

,»6 

0.388159 

45 

.3S7799 

44 

•387439 

43 

.3S7079 

42 

.386719 

4i 

0.386359 

40 

.386000 

39 

.3S564I 

38 

.385282 

37 

.384923 

1  36 

0.384565 

35 

.384207 

34 

.3S3S49 

33 

.383491 

32 

•383133 

3i 

0. 382776 

30 

.382418 

20 

.382061 

28 

.381705 

27 

.381348 

26 

0. 380992 

25 

.380636 

24 

.380280 

23 

.379924 

22 

.379568 

21 

0.379213 

20 

.378858 

19 

.378503 

18 

.378148 

17 

.377793 

10 

0.377439 

15 

.377085 

14 

.376731 

13 

.376377 

12 

.376024 

II 

0.375670 

IO 

.375317 

Q 

.374964 

8 

.374612 

7 

•374259 

6 

0.373907 

5 

.373555 

4 

.373203 

3 

.372851 

2  1 

.372499 

z  j 

0.372148 

0 

M. 


67c 


1676 


GENERAL  TABLES 


23' 


I56e 


M.        Sin.         D.  1 


0 

9.591878 

I 

.592176 

2 

.592473 

3 

.592770 

4 

•593067 

5 

9-593363 

6 

.593659 

7 

•593955 

a 

.594251 

9 

•594547 

10 

9- 594842 

11 

.595137 

12 

.595432 

13 

.595727 

14 

.596021 

15 

9-5963I5 

ib 

.596609 

17 

.596903 

18 

.597I96 

19 

•59749° 

20 

9.597783 

21 

• 59s°75 

£2 

.598368 

23 

.598660 

24 

.598952 

25 

9-599244 
.599530 

20 

27 

.599827 

23 

.600118 

29 

.600409 

30 

9.600700 

31 

. 600990 

32 

.6012S0 

33 

.601570 

34 

.601860 

35 

9.602150 

36 

.602439 

37 

.602728 

3» 

.603017 

39 

.603305 

40 

9.603594 

4i 

.603S02 

42 

.604170 

43 

.604457 

44 

.604745 

45 

9. 605032 

4fa 

.605319 

47 

.605606 

48 

. 605S92 

49 

.606179 

5° 

9. 606465 

51 

.606751 

52 

. 607036 

53 

.607322 

54 

.  607607 

55 

9. 607892 

56 

.608177 

57 

.608461 

58 

.608745 

59 

.609029 

60 

9.609313 

4.97 

4-95 
4-95 
4-95 
4-93 
4-93 
4-93 
4-93 
4-93 
4.92 

4.92 
4.92 
4.92 
4.90 
4.90 

4-9° 
4.90 
4.88 
4.90 
4. 88 

4-87 
4. 83 

4.87 
4.87 
4.87 
4.87 
4.85 
4.85 
4.85 
4.85 

4.83 
4.83 
4.83 
4.83 
4.83 
4.82 
4.82 
4.82 
4.  So 
4. 82 


Cos. 


Cos. 


So 
So 

78 

So 

78 
4. 78 
4.78 

4-77 
4.78 
4-77 

4-77 

4-75 
4-77 
4-75 
4-75 
4-75 
4-73 
4-73 
4-73 
4-73 


D.  i' 


9. 964026 
.963972 
.963919 
.963865 
.963811 

9-963757 
.963704 
•  963650 
.963596 
.963542 

9.963488 
.963434 
.963379 
.963325 
.963271 

9.963217 
.963163 
.963108 

.963054 
.962999 

9.962945 
. 962S90 
.962836 
.9627S1 
.962727 

9. 962672 
.962617 
.962562 
.962508 
.962453 

9.962398 

.962343 
.962288 
.962233 
.962178 
9.962123 
.962067 
.962012 
.961957 
.961902 

9.961846 
.961791 

.961735 

.961680 

.961624 

9.961569 

.961513 
.961458 
.961402 
.961346 

9.961290 

.961235 
.961179 
.961123 
.961067 
9.961011 

.960955 
. 960899 
.960843 
.960786 
9.960730 

Sin. 


D.  i' 


.90 
.88 
.90 
.90 
.90 
.88 
.90 
.90 
.90 
.90 

.90 
.92 
.90 
.90 
.90 
.90 
-92 
.90 

•  92 
.90 

.92 
.90 
.92 
.90 
•92 
.92 
.92 
.90 
.92 
.92 

•92 
.92 
.92 
.92 
.92 
•93 
.92 
.92 
.92 
•93 
.92 

•93 

.92 

•93 
.92 

•93 
.92 

•93 
•93 
•93 
.92 

•  93 
•93 

•  93 

•  93 

•  93 

•  93 
•93 

•  95 

•  93 

D.  1" 


Tan. 


9.627852 
. 628203 
.628554 
.62S905 
.629255 

9.629606 
.629956 
.630306 
. 630656 
.631005 

9-63i355 
.631704 
.632053 
. 632402 
. 632750 

9-633099 
.633447 
.633795 
.634143 
.634490 

9.634838 
.6351S5 
.635532 
.635879 
. 636226 

9.636572 
.636919 
.637265 
.637611 
.637956 

9.638302 
.638647 
.638992 

.639337 
.  639682 
9. 640027 
.640371 
.640716 
.641060 
. 641404 

9.641747 
. 642091 
.642434 
.642777 
.643120 

9.643463 
.643806 
. 644148 
.644490 
.644832 

9-645I74 
.645516 

.645857 
.646199 
.646540 
9. 646881 
.647222 
.647562 

.647903 
.648243 

9-648583 
Cot. 


D.  1' 


5.85 
5- 85 
5-85 
5.83 
5.85 
5.83 
5.83 
5-83 
5-82 
5-83 

5-82 

5.82 


Cot. 


82 

So 

b2 

So 
80 
5.  So 
5-78 
5-8o 

5- 78 
5.78 
5.78 
5.73 
5-77 
5.78 
5-77 
5-77 
5-75 
5-77 

5-75 
5-75 
5-75 
5-75 
5-75 
5-73 
5-75 
5-73 
5-73 
5-72 

5-73 
5-72 
5-72 
5-72 
5-72 
5-72 
5-7o 
5- 70 
5-7o 
5-7o 

5.7o 
5.68 
5- 7o 
5.68 
5-68 
5-63 

5.67 
5. 63 

k7 
5-67 


D.  1' 


0.372148 

.371797 
.371446 
.371095 
.370745 
o. 370394 
.370044 
.369694 

.369344 
.368995 

0.36S645 
. 36S296 
.367947 
.367593 
. 367250 

0.366901 

.366553 
. 366205 

.365857 
.365510 

0.365162 

.364815 
. 364468 
.364121 
.363774 
o.  363428 
.363081 

.362735 
.362389 
.362044 

0.361698 

.361353 

.361008 
.360663 
.360318 
0.359973 
.359629 
.359284 
.358940 
.358596 

0.358253 
.357909 
.357566 
.357223 
.3568S0 

0.356537 
.356194 
.355852 
.355510 

.355168 

o.  354826 

.354484 
.354143 
.353S0I 
.353460 

0.353  "9 
.352778 
.352438 
.352097 
.351757 

0.351417 

Tan. 


131' 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1677 
1°  I55c 


Sin.        D.  1". 


9- 609313 
.609597 
.609880 
.610164 
.610447 

9.610729 
.611012 
.611294 
.611576 
.611858 

9. 612140 
.612421 
.612702 
.612983 
. 613264 

9-6i3545 
.613825 
.614105 
.614385 
.614665 

9.614944 
.615223 
.615502 
.615781 
.616060 

9.616338 
.616616 
.616S94 
.617172 
.617450 

9.617727 
.618004 
.618281 
.618558 
.618834 

9.619110 
.6193S6 
.619662 
.619938 
.620213 

9. 620488 
. 620763 
.621038 
.621313 
.6215S7 

9. 621861 
.622135 
.622409 
. 622682 
. 622956 

9. 623229 
.623502 
.623774 
. 624047 
.624319 

9.624591 
.624863 
.625135 
.625406 
.625677 

9.625948 

Cos. 


4-73 
4.72 
4-73 
4.72 
4.70 
4.72 
4.70 
4.70 
4.70 
4.70 

4.68 
4.68 
4.68 
4.68 
4.68 
4.67 
4.67 
4.67 
4.67 
4.65 

4.65 

4.65 
4-65 
4-65 
4.63 
4-63 
4-63 
4-63 
4.63 
4.62 

4.62 
4.62 
4.62 
4.60 
4.60 
4.60 
4.60 
4.60 

4-58 
4.58 

4.58 
4.5S 
4.58 
4-57 
4-57 
4-57 
4-57 
4-55 
4-57 
4-55 

4-55 

4-53 
4-55 
4-53 


D.  I' 


Cos. 


9.960730 
.960674 
.960618 
.960561 
. 960505 

9. 960448 
.960392 

.960335 
.960279 
.960222 

9.960165 
.960109 
.960052 
•959995 
.959938 

9.959882 
.959825 
.959768 
.9597H 
.959654 

9-959596 
•959539 
.959482 
.959425 
.959368 

9-959310 
.959253 
.959195 
.959138 
.959080 

9-959023 

.958965 


D.  1".    Tan.   D.  1".    Cot. 


.958850 
.958792 

9-958734 
.958677 
.958619 
.958561 
.958503 

9.958445 
.958387 
.958329 
.958271 
.958213 

9-958i54 
.95S096 
.958038 
•957979 
.957921 

9-957863 
.957804 
.957746 
.957687 
.957628 

9-95757Q 
•9575II 
.957452 
•957393 
•957335 

9-957276 

Sin. 


93 
93 

95 
93 

95 
93 
95 
93 
95 
95 

93 
95 
95 
95 
93 
95 
95 
95 
95 
97 

95 
95 
95 
95 
97 
95 
97 
95 
97 
95 

97 
95 
97 
97 
97 
95 
97 
97 
97 
97 

97 
97 
97 
97 
98 

97 
97 
98 

97 
97 
98 

97 


97 


D.  1' 


9-648583 
.648923 
.649263 
.649602 
.649942 

9.650281 
. 650620 

•650959 
.651297 
.651636 

9-65I974 
.652312 
. 652650 
.652988 
.653326 

9- 653663 
.654000 

.654337 
.654674 
.655011 

9-655348 
.6556S4 
. 656020 
.656356 
.656692 

9. 657028 

.657364 
.657699 
.65S034 
.658369 

9.658704 
.659039 
.659373 

•  659708 
.660042 

9. 660376 
.660710 
.661043 
.661377 
.661710 

9. 662043 
. 662376 
. 662709 
. 663042 
.663375 

9.663707 
. 664039 
.  664371 
.664703 
.665035 

9. 665366 
.665698 
. 666029 
. 666360 
.666691 

9. 667021 

•  667352 
.667682 
.668013 
.668343 

9.668673 

Cot. 


D.  1' 


O.351417 
.351077 
.350737 
.350398 
.350058 

0.349719 
.34938o 
.349041 
.348703 
.348364 

o.  348026 
.347688 
.347350 
.347012 

.346674 

0.346337 

.346000 

.345663 
.345326 
.344989 

0.344652 
.344316 
.3439SO 
.343644 
.3433o8 

0.342972 
.342636 

.342301 
.341966 

.341631 

0.341296 
.340961 
.340627 
.340292 
.339958 

o. 339624 

.339290 
.338957 
.338623 
.338290 

0.337957 
•  337624 
.337291 
.336958 
.336625 

o.  336293 

.335961 
.335629 
.335297 
.334965 

0.334634 
•334302 
.333971 
.333640 
.333309 

o. 332979 

. 332648 
.332318 
.331987 
. 331657 
0.331327 

Tan. 


65' 


1678 


GENERAL  TABLES 


25c 


15 


M.   Sin.   D.  1 


o 

X 
2 
3 

4 
S 

6 

7 

8 

9 

10 
11 
12 
13 
M 
15 
16 

17 
18 

19 
20 
21 
22 
23 
?4 
25 
26 

V 

23 

29 

30 
3i 
32 
33 
34 
3  5 
35 
37 
38 
39 
40 
4i 
42 
43 
44 
45 
46 

47 
48 

49 

50 
51 
53 
53 
54 
55 
56 
57 
58 
59 
60 


"5e 


9.625948 
.626219 
.626490 
.626760 
.  627030 

9. 627300 
.627570 
. 627840 
.628109 
.628378 

9. 628647 
.628916 
.6291S5 
.629453 
.629721 

9.629989 
.630257 
.630524 
.630792 
.631059 

9.631326 
.631593 
.631859 
.632125 
. 632392 

9. 632658 
.  632923 
.633189 
.633454 
.633719 

9.633984 
.634249 

.6345H 
.634778 
.635042 
9. 635306 
•635570 
.635834 
.636097 
.  636360 

9. 636623 
.636886 
.637148 
.637411 
.637673 

9.637935 
.638197 
.638458 
638720 


9.639242 

.639503 
.639764 
.640024 
.  640284 
9.640544 
. 640804 
.641064 
.641324 

.641583 
9. 641842 

Cos. 


4 

4 

4 

4 

4 

4 

4 

4.48 

4.48 

4.48 

4.48 
4.48 
4-47 
4-47 
4-47 
4-47 
4-45 
4-47 
4-45 
4-45 

4.45 
4-43 
4-43 
4-45 
4-43 
4.42 
4-43 
4.42 
4.42 
4.42 

^4.42 
4.42 
4.40 
4.40 
4.40 
4.40 
4.40 
4.38 
4.38 
4.38 

4.38 
4-37 
4-38 
4-37 
4-37 
4-37 
4-35 
4-37 
4-35 
4-35 

4-35 

4-35 
4-33 
4-33 
4-33 
4-33 
4-33 
4-33 
4-32 
4-32 

D.  1". 


Cos. 


9.957276 
.957217 
.957158 
.957099 
.957040 

9.956981 
.956921 
.956862 
.956803 
.956744 

9.956684 
.956625 
.956566 
.956506 
.956447 

9.956387 
.956327 
.956268 
.956208 
.956148 

9. 956089 
.956029 
.955969 
.955909 
.955849 

9.955789 
.955729 
.955669 
.955609 
.955548 

9.955488 
.955428 
.955368 
.955307 
.955247 

9.955i86 
.955126 
.955065 
.955005 
•954944 

9.954883 
.954823 
.954762 
.954701 
.954640 

9-954579 
.954518 
•954457 
.954396 
•954335 

9.954274 
.954213 
.954152 
.954090 
.954029 

9.953968 
.953906 
.953845 
.953783 
.953722 

9.953660 

Sin. 


D.  I' 


.98 
.98 


1. 00 
.98 
.98 
.98 

1. 00 

.98 

.98 
1. 00 

.98 
1. 00 
1. 00 

.98 
1. 00 
1. 00 

.98 

1. 00 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1.02 
1. 00 

1. 00 
1. 00 
1.02 

1. 00 
1.02 
1. 00 
1.02 
1. 00 
1.02 
1.02 

1. 00 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 

1.02 

1.02 
1.03 
1.02 
1.02 
1.03 
1.02 
1.03 
1.02 
1.03 

D.  1" 


Tan. 


9. 668673 
.669002 
.669332 
.669661 
. 669991 

9.670320 
. 670649 

.670977 
.671306 
.671635 

9.671963 
.672291 
.672619 
.672947 
.673274 

9.673602 
.673929 

.674257 
.674584 
.674911 

9.675237 

.675564 
.675890 
.676217 

.676543 
9. 676869 
.677194 
.677520 
.677846 
.678171 

9. 678496 

.678821 
.679146 
.679471 

.679795 
9.680120 
. 6S0444 
.680768 
.6S1092 
.681416 

9.681740 
.682063 
.6S23S7 
.682710 
.683033 

9-683356 
.6S3679 
.6S4001 
.684324 
.684646 


D.  1". 


Cot. 


9- 

.685290 
.685612 

.685934 

.686255 

9.686577 


.687219 

.687540 

.687861 

9.688182 

Cot. 


5.48 
5.50 
5.48 
5.50 
5-48 
5.48 
5-47 
5.48 
5.48 
5-47 

5-47 
5-47 
5-47 
5-45 
5-47 
5-45 
5-47 
5-45 
5-45 
5-43 

5-45 

5-43 
5-45 
5-43 
5-43 
5-42 
5-43 
5-43 
5-42 
5-42 

5-42 
5-42 
5-42 
5-40 
5-42 
5.40 
5-40 
5-4o 
5.40 
5-40 

5.38 

5-40 
5.38 
5-38 
5.33 
5.38 
5-37 
5-38 
5-37 
5-37 

5-37 
5-37 
5-37 
5-35 
5-37 
5-35 
5-35 
5-35 
5.35 
5-35 

D.  1". 


0.331327 
.330998 
.330668 

.330339 
.330009 
o.  329680 
.329351 
.329023 
.328694 

.328365 
0.328037 
.327709 
.3273S1 
.327053 
. 326726 
0.326398 
.326071 

.325743 
.325416 
.325089 

0.324763 
.324436 
.324110 

.323783 
.323457 
0.323131 
.322806 
.322480 

.322154 
.321829 

0.321504 

.321179 
.320854 

.320529 
. 320205 

0.319880 
.319556 
.319232 
.  31S908 
.318584 

0.318260 

.317937 
.317613 
.317290 
.316967 
0.316644 
.316321 

•3I5999 
.315676 

.315354 

0.315032 

.314710 
.3I43S8 
.314066 

.313745 
0.313423 
.313102 
.312781 
.312460 
.312139 
0.311818 

Tan. 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1679 
b6° 


M.    Sin. 


9.641842 
.642101 
. 642360 
.642618 
. 642877 

9-643I35 
.643393 
.643650 
.643908 
.644165 

9.644423 
. 644680 
.  644936 
•645193 
.645450 

9. 645706 
.  645962 
.646218 
. 646474 
. 646729 

9. 646984 
.647240 
.647494 
.647749 
. 648004 

9.648258 
.648512 
. 648766 
. 649020 
.649274 

9.649527 
.649781 
.650034 
. 650287 

.650539 

9.650792 

.651044 

.651297 

.651549 
.651800 

9.652052 
.652304 

.652555 
.652806 

.653057 

9- 653308 

.653558 

.  653808 

.654059 
.654309 

9- 654558 
.654S08 
.655058 
•655307 
.655556 

9.655S05 
.656054 
.656302 

.656551 

. 656799 

9. 657047 

Cos. 


D.  1". 


4-32 
4.32 
4-30 
4-32 
4.30 
4.3o 
4.28 
4-30 
4.28 
4.30 

4.28 
4.27 


4.  28 
4.28 

4.27 
4.27 
4.27 
4.27 
4.25 
4-25 
4.27 
4.23 
4.25 
4.25 
4.23 
4-23 
4.23 
4-23 
4-23 
4.22 

4-23 
4.22 
4.22 
4.20 
4.22 
4.20 
4.22 
4.20 
4.18 
4.20 

4.20 
4.18 
4.18 
4.18 
4.18 
4.17 

4.17 
4.18 

4.17 
4.15 

4.17 
4.17 
4.15 
4.15 


4.13 
4.13 


D.  1' 


Cos. 


9.953660 
•953599 
•953537 
•953475 
.953413 

9- 953352 
.953290 
.953228 
.953166 
•953104 

9.953042 
.952980 
.952918 
•952855 
•952793 

9-95273I 
. 952669 
. 952606 

•952544 
.952481 

9.952419 
.952356 
.952294 
.952231 
.952168 

9. 952106 

.952043 
.9519S0 

.951917 
.951S54 

9.95I79I 
.951728 
.951665 
.951602 
.951539 

9.95I476 
.951412 

.951349 
.951286 
.951222 

9-95ii59 
.951096 
.951032 
.950968 

.950905 
9.950841 

.950778 
.950714 
.950650 
.9505S6 

9.950522 
.950458 
•950394 
.950330 
.950266 

9. 950202 
.950138 
.950074 
.950010 

•949945 
9. 949881 

Sin. 


D.  1' 


1.03 
1.03 
1.03 

1.03 
1.03 
1.05 
1.03 
1.03 
1.03 
1.05 
1.03 
1.05 
1.03 

1.05 
1.03 
1.05 
1.05 
1.103 
1.05 
1.05 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 
1.05 
1.07 
1.05 
1.05 
1.07 
1.05 

1.05 
1.07 
1.07 
1.05 
1.07 
1.05 
1.07 
1.07 
1.07 
1.07 

1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.08 
1.07 


Tan. 


D.  1 


// 


9.688182 
.688502 
.688823 
.689143 
. 689463 

9-689783 
.690103 
.690423 
.690742 
.691062 

9.691381 
.691700 
.692019 
. 69233S 
. 692656 

9.692975 

•693293 
.693612 
. 693930 
. 694248 

9. 694566 
.694883 
.695201 
.695518 
. 695836 

9-696153 
. 696470 
,696787 
.697103 
. 697420 

9.697736 
. 69S053 
.698369 
.698685 
.  699001 

9.699316 
.699632 

.699947 
. 700263 
.700578 

9.700893 
.701208 
.701523 
.701837 
.702152 

9. 702466 
.  702781 

•  703095 

•  703409 

•  703722 

9. 704036 
.704350 
. 704663 
.704976 
.  705290 

9. 705603 
. 705916 
. 706228 

•  706541 
.706S54 

9. 707166 

Cot. 


D.  i' 


5-33 
5-35 
5-33 
5-33 
5-33 
5-33 
5-33 
5-32 
5-33 
5.32 

5-32 
5-32 
5-32 
5-30 
5-32 
5-30 
5-32 
5-3o 
5-3o 
5-30 


5-28 
5-30 
5.28 
5-30 
5-28 


5-28 

5-27 
5-27 
5-27 
5-25 
5-27 
5-25 
5-27 
5-25 
5.25 

5-25 
5-25 
5-23 
5-25 
5-23 
5-25 
5-23 
5-23 

5-22 

5-23 
5-23 

5-22 
5-22 

5-23 

5.22 
5.22 

5- 20 

5.22 
5.22 

5- 20 
D.  1". 


Cot. 


0.311818 
.311498 
.3"i77 
.310857 

.310537 

0.310217 

.309897 

•309577 
.309258 
.308938 
o. 308619 
.308300 
.307981 
.307662 

.307344 
o. 307025 
. 306707 
.306388 
.306070 
.305752 

0.305434 
.305117 
.304799 
.304482 
.304164 

0.303847 
•303530 
.303213 
. 302897 
.302580 

o.  302264 

.301947 
.301631 

.301315 
.300999 

o. 300684 

. 300368 
.300053 
•299737 

. 299422 

o. 299107 
. 298792 

. 298477 

.298163 

.  297848 

o. 297534 

.297219 

. 296905 
. 296591 

. 296278 

o. 295964 
.  295650 

.295337 
. 295024 
. 294710 
o.  294397 
. 294084 

. 293772 
•  293459 
.293146 

o. 292S34 
Tan. 


153 


63° 


i68o 


GENERAL  TABLES 


27' 


152' 


M. 


o 
I 
2 
3 
4 
5 

6 

7 
8 

9 
10 
11 
12 
13 
14 
1.5 
16 

17 
18 

19 
20 
21 
22 

23 

24 

25 

26 

27 

23 

29 

30 
3i 
32 
33 
34 
35 
36 
37 
38 
39 
40 

4i 
42 

43 
44 
45 
46 

47 
43 
49 

5° 
5i 

52 
53 
54 
55 

56 
57 
58 
50 
5o 


Sin. 


9.657047 
.657295 
.657542 

.65779° 
.658037 
9. 658284 
.658531 
.658778 
.659025 
.659271 

9.659517 
.659763 
.  660009 
.660255 
.660501 

9. 660746 
.660991 
.661236 
.661481 
.661726 

9.661970 
.662214 
.662459 
.  662703 
.  662946 

9.663190 
.663433 
.663677 
. 663920 
.664163 

9. 664406 


D.  1' 


.664891 
.665133 
.665375 
9.665617 
.665859 
.666100 
.666342 
.666583 

9. 666824 
.  667065 
.667305 
.667546 
.667786 

9. 668027 
.668267 


.668746 


9. 669225 
. 669464 
.669703 
.669942 
.670181 

9.670419 
.670658 
. 670896 
.671134 
.671372 

9.671609 

Cos. 


4.13 
4. 12 

4.13 
4.12 
4. 12 
4. 12 
4.12 
4. 12 
4. 10 
4. 10 

4.10 
4. 10 
4. 10 
4.10 
4.0S 
4.08 
4.08 
4.08 
4.08 
4.07 

4.07 
4.08 
4.07 

4-°5 
4.07 

4-05 
4.07 

4-°5 
4-05 

4-05 

4-03 
4-05 
4.03 
4.03 
4.03 
4.03 
4.02 

4.03 
4.02 
4.02 

4.02 
4.00 
4.02 
4.00 
4.02 
4.00 

3.98 
4.00 
4.00 
3.98 

3.98 
3.98 
3- 98 
3.98 
3-97 
3.98 
3-97 
3-97 
3-97 
3-95 

D.  1". 


Cos. 


9. 949S81 
. 949816 
.949752 
.  949688 

.949623 
9- 949558 
•949494 
.949429 
.949364 
.949300 

9.949235 

.949170 
.949105 
.949040 
•  948975 
9.948910 
.948S45 
.9487S0 

.948715 
. 948650 

9.948584 
.948519 
.948454 


D.  1' 


.948323 

9.948257 

.948192 

.948126 


•947995 

9.947929 

.947863 
•947797 
.947731 
. 947665 
9. 947600 

•947533 
.947467 
.947401 

•947335 
9.947269 

.947203 
.947136 
.947070 
.947004 
9. 946937 
.946S71 
. 946S04 
.946738 
.  946671 

9. 946604 
.946538 
.946471 
.946404 
. 946337 

9.946270 
.946203 
.946136 
. 946069 
. 946002 

9-945935 

Sin. 


1.08 
1.07 
1.07 
1.08 
1.08 
1.07 
1.08 
1.08 
1.07 
1.08 

1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1. 10 

1.08 
1.08 
1. 10 
1.08 
1. 10 
1.08 
1. 10 
1. 10 
1.0S 
1. 10 

1. 10 
1. 10 
1. 10 
1. 10 
1.08 
1. 12 
1. 10 
1. 10 
1. 10 
1. 10 

1. 10 
1. 12 
1. 10 
1. 10 
1. 12 
1. 10 
1. 12 
1. 10 
1. 12 
1. 12 

1. 10 
1. 12 
1. 12 
1. 12 
1. 12 
1. 12 
1. 12 
1. 12 
1. 12 
1. 12 

D.  1" 


Tan. 


9. 707166 

•  707478 
.707790 
.70S102 
. 708414 

9. 708726 

•  709037 
.709349 
. 709660 
.709971 

9.710282 
.710593 
.710904 
.711215 
.711525 

9.711836 
.712146 
.712456 
.712766 
.713076 

9- 713386 
.713696 
.  714005 
.7I43H 
.714624 

9- 7M933 
.715242 

.715551 
.715860 
.716168 

9.716477 
.716785 
.717093 
.717401 
.717709 

9. 718017 
.718325 
.718633 
.718940 
.719248 

9- 719555 

.719S62 
.720169 
.720476 
. 720783 

9.721089 
.721396 
.721702 
. 722009 
.722315 

9. 722621 
.722927 
.723232 
.723538 
. 723844 

9.724i49 
.724454 
. 724760 

. 725065 

. 725370 

9- 725674 

Cot. 


D.  i' 


5.20 
5.20 
5.20 


iS 


5"^ 

5.18 

5-17 


Cot. 


5.17 
5.15 
5.i5 
5-i7 
5.i5 
5-J5 
5-15 
5-15 

5-15 

5.'i3 

5-!3 


5-12 
5-1° 

5-10 

5-IO 
5.0S 
5-IO 

5-i° 
5.08 
5.0S 
5.10 
5.08 
5.08 
5.07 

D.  I". 


o. 292834 
. 292522 
.  292210  ■ 
.  291898 
. 291586 

o. 291274 
. 290963 
. 290651 
.  290340 
.290029 

o. 289718 
. 289407 
. 289096 

. 288785 
. 288475 

o. 288164 

.287854 
. 287544 
.  287234 
. 286924 

0.286614 
. 286304 

.285995 
.285686 
. 285376 

o. 285067 

.284758 
. 284449 

.284140 

.283832 

o.  283523 

.283215 

. 282907 

. 282599 

. 282291 

o. 281983 

.281675 

.281367 

.281060 

. 280752 

o. 280445 

.2S0I3S 

.279831 
. 279524 
.279217 

0.27891 I 

. 27S604 
. 278298 

•  277991 
. 277685 

o.  277379 
. 277073 
. 276768 
. 276462 
.276156 

o.  275S51 

. 275546 

. 275240 

.274935 
-  .274630 

o. 274326 


Tan. 


M. 


ii7c 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1681 


28c 


151 


M.    Sin.    D.  1".     Cos.    D.  1".    Tan.    D.  1".    Cot. 


o 

1 
2 
3 
4 
5 
6 

7 
8 

9 

10 

11 
12 
13 
14 

15 
16 

17 
18 

19 

20 
21 
22 

23 
24 

25 
26 

27 
28 
29 


3i 
32 
33 
34 
35 
36 
37 
38 
39 

4° 
4i 
42 

43 
44 
45 
46 

47 
48 

49 

5° 
5i 
52 
53 
54 
55 
56 
57 
58 
59 
60 


g. 671609 
.671S47 
.6720S4 
.672321 
.672558 

9.672795 
.673032 
.673268 

.673505 
.673741 

9. 673977 
.674213 
.674448 
. 674684 
.674919 

9- 675155 
.675390 
.675624 

.675859 
.  676094 

9. 676328 
.  676562 
.  676796 
. 677030 
.677264 

9. 677498 
.677731 
.677964 
.678197 
.678430 


30  9. 678663 


678895 
.679128 
. 679360 
.679592 
9. 679824 
. 680056 
.680288 
.680519 
. 6S0750 

9. 680982 
.6S1213 
.  681443 
.  681674 
.  681905 

9. 6S2135 
.6S2365 
.6S2595 
. 682825 
.683055 

9.683284 
.683514 
.683743 
.683972 
.684201 

9. 684430 
. 684658 
.684887 
.685115 
.685343 

9-685571 


Cos. 


3-97 
3-95 
3-95 
3-95 
3-95 
3-95 
3-93 
3-95 
3-93 
3-93 

3.93 

3-92 
3-93 
3-92 
3-93 
3-92 
3-90 
3-92 
3-92 
3-9° 

3-9° 
3-90 
3-9° 
3-90 
3-90 
3-88 
3-88 
3-88 
3-88 
3-88 

3.87 
3-88 

3.87 
3.87 
3.87 
3-87 
3.87 
3.85 
3-85 
3.87 

3.85 
3.83 
3.85 
3.85 
3.83 
3.83 
3.83 
3.83 
3.83 
3.82 

3.83 
3.82 
3-82 
3.82 
3.82 
3.8o 
3.82 
3.80 
3.80 
3.80 


D.  1' 


9-  945955 
.945S68 
.945S00 

•945733 
. 945666 

9- 945598 
•945531 
.945464 
.945396 
.945328 

9. 945261 
.945193 
.945i25 
.945058 
.944990 

9.944922 

.944854 
.944786 
.944718 
.944650 

9. 944582 

.9445H 
.944446 

•944377 
•944309 
9.944241 
.944172 
.944104 

•  944036 
.943967 

9.943899 
.943830 
.943761 

•943693 

.943624 

9- 943555 

.943486 

.943417 

•  943348 
.943279 

9. 943210 
•943141 

•  943072 

•  943003 

•  942934 
9. 942864 

•942795 
.942726 
. 942656 
.942587 

9.942517 
.942448 
.942378 
.942308 
. 942239 

9. 942169 
.942099 
. 942029 

.941959 

. 941889 

9-941819 

Sin. 


1. 12 

I- 13 
1. 12 

1. 12 

1. 13 
1. 12 

1. 12 

1. 13 
1. 13 
1. 12 

i-i3 
i- 13 

1. 12 

I- 13 
I- 13 
I- 13 
I- 13 
I- 13 
i- 13 
I- 13 

1. 13 
1. 13 
1. 15 
1. 13 
I- 13 
1. 15 
1. 13 
1. 13 
1-15 
I- 13 

1. 15 
1. 15 
1. 13 
1. 15 
1. 15 
1. 15 
1. 15 
1. 15 
1. 15 
1. 15 

1. 15 

1. 15 
I- 15 
1. 15 
1. 17 
1. 15 
1. 15 
1. 17 
1. 15 
1. 17 

1. 15 
1. 17 
1. 17 
1. 15 
1. 17 
1. 17 
1. 17 
1. 17 
1. 17 
1.17 

D.  i". 


9- 725674 

•  725979 
. 7262S4 
.7265S8 
. 726892 

9.727197 
.727501 
.727805 
.728109 
.728412 

9.728716 
. 729020 

.729323 
. 729626 

.729929 

9- 730233 

• 73°535 

.730838 

•73H41 
.731444 

9. 731746 

•  732048 
•732351 

•  732653 

•  732955 
9.733257 

•  73355s 
. 73386o 
.734162 

•  734463 

9-  734764 
. 735066 

•  735367 
•735668 

•  735969 
9. 736269 

•  736570 

•  736870 
.737171 

•  737471 

9-  737771 

•  738071 

•  738371 
.73S671 

•  738971 
9. 739271 

•  739570 
•739870 
.740169 
. 740468 

9. 740767 
.741066 

.741365 

.741664 

.741962 

9. 742261 

•  742559 
.742858 
.743156 

•  743454 
9-  743752 

Cot. 


5.08 
5- 08 
5.07 
5-07 
5.08 
5.07 
5.07 
5- °7 
5.05 
5-°7 

5.07 
5-05 
5.05 
5.05 
5.07 
5-03 
5.05 
5-05 
5.05 
5.03 

5- °3 
5-05 
5-°3 
5.03 
5-03 
5.02 

5.03 
5-03 
5- °2 
5- 02 

5-03 
5.02 

5-°2 

5.02 
5.00 
5.02 

5.0° 
5.02 

5-°o 
5.00 

5- 00 
5-00 
5.00 
5- 00 
5.00 
4.98 
5.00 
4.98 
4.98 
4.98 

4.98 
4.98 
4.98 
4-97 
4.98 
4-97 
4.98 
4-97 
4-97 
4-97 

D.  1". 


o.  274326 
. 274021 
.273716 
.273412 
.273108 

o. 272803 

.272499 
.  272195 

.271891 

.  271588 

o. 271284 
. 2709S0 

.270677 
.270374 

.270071 
o. 269767 

. 269465 

. 269162 

. 268859 
.268556 

o. 268254 
. 267952 
. 267649 

.267347 
. 267045 
o. 266743 
. 266442 
.266140 

.265838 
. 265537 

o. 265236 

. 264934 
. 264633 
. 264332 

.  264031 
o.  263731 

. 263430 
. 263130 
. 262829 
. 262529 

o. 262229 
.261929 
. 261629 
.261329 
. 261029 

o. 260729 
. 260430 
. 260130 

. 259831 
. 259532 

o. 259233 

. 258934 
.258635 
. 258336 

. 258038 

°. 257739 
.257441 

. 257142 
. 256844 

.  256546 
o.  256248 

Tan. 


6i< 


1682 


GENERAL  TABLES 


I50c 


M. 


Sin. 


3 
4 
5 

6 

7 

8 

9 
io 
ii 

12 

13 
14 

15 
16 
17 
18 

19 

20 
21 
22 
23 
24 
25 
26 

27 

28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4i 
42 
43 
44 
45 
46 

47 
48 

49 

50 
51 

52 
53 
54 
55 
56 

5l 
53 

59 
60 


"9C 


9-68557i 
.685799 
. 686027 
.686254 
.686482 

9. 686709 
. 6S6936 
.687163 
.687389 
.687616 

9.6S7843 
.68S069 
.688295 
.688521 
.688747 

9. 688972 


D.  V 


. 689423 
.689648 
.6S9873 

9. 690098 
.690323 
.690548 
.690772 
. 690996 

9.691220 
.691444 
.691668 
.691892 
.692115 

9.692339 
.692562 
. 692785 
.  693008 
.693231 

9.693453 
. 693676 
.693898 
.694120 
.694342 

9  694564 
. 694786 
. 695007 
. 695229 
.695450 

9-695671 
.695892 
.696113 
.696334 
.696554 

9.696775 
.696995 

.697215 

.697435 

.697654 

9.697874 


.698313 
.698532 

.698751 
9. 698970 

Cos. 


3.80 
3.80 
3.78 
3.80 
3.78 
3.78 
3.78 
3-77 
3.78 
3-78 

3-77 
3-77 
3-77 
3-77 
3-75 
3-77 
3-75 
3-75 
3-75 
3-75 

3-75 
3-75 
3-73 


Cos. 


3-73 
3-72 
3-73 

3.72 
3.72 
3.72 
3-72 
3-70 
3-72 
3-70 
3-70 
3-70 
3.70 

3-70 

3-68 

3-70 

3-68 

3-68 

3-68 

3-68 

3-'" 

3- 

3.68 

3.67 

3-67 
3-67 
3-65 
3-67 
3-67 
3-65 
3-65 
3-65 
3-65 

D.  I". 


67 


D.  1". 


9-94i8i9 

.941749 
.941679 
.941609 

.941539 
9.941469 

.94I398 
.941328 
.941258 
.941187 

9. 941 1 17 

.941046 

.940975 
.940905 

.940834 

9.940763 

.940693 

.940622 

.940551 
. 9404S0 

9.940409 
.940338 
. 940267 
.940196 
.940125 

9-  940054 
.939982 
.939911 
.939840 
.939768 

9.939697 
.939625 
•939554 
.939482 
.939410 

9-939339 
.939267 

.939195 
•939I23 
.939052 

9.938980 
. 93S90S 
.938836 
.938763 
. 938691 

9.938619 
.938547 
.938475 
. 938402 

.938330 

9-938258 
.938185 
.938113 
.938040 

.937967 

9-937895 

.937822 

•937749 
.937676 

.937604 
9-937531 

Sin. 


1. 17 
1. 17 
1. 17 
1. 17 

1. 17 

1. 18 
1. 17 

1. 17 

1. 18 

1. 17 

1. 18 
1. 18 

1. 17 

1. 18 
1. 18 

1. 17 

1. 18 
1. 18 
1. 18 
1. 18 

1. 18 
1. 18 
1. 18 
1. 18 
1. 18 
1.  20 
1. 18 
1. 18 
1.20 
1. 18 

1.20 
1. 18 
1.20 
1.  20 
1. 18 
1.20 
1.  20 
1.20 
1. 18 
1.20 

1.20 
1.20 
1.  22 
1.20 
1.20 
1.20 
1.20 
1.22 
1.  20 
1.20 

1.22 
1.20 
1.22 
1.22 
1.20 
1.  22 
1.22 
1.22 
1.20 
1.22 

D.  1" 


Tan. 


D.  1' 


9- 743752 
- 744050 
.744348 
. 744645 

-  744943 
9-  745240 

•  745538 
.745835 
.746132 

•  746429 
9. 746726 

.747023 
.747319 
.747616 
.747913 
9- 748209 

•  748505 
.748801 

•  749097 

•  749393 

9-  749689 

-  749985 
.750281 

.750576 

.750872 

9-75ii67 

.751462 

.751757 
.752052 
.752347 

9.752642 
.752937 
.753231 
.753526 
.753820 

9-754"5 
.754409 
.754703 
•754997 
.755291 

9.755585 
.755878 
.756172 

.756465 

.756759 

9- 757052 

-  757345 
.757638 
.757931 
.758224 

9-7585I7 
.75S810 
-759102 

-  759395 
.759687 

9- 759979 
.760272 
.  760564 
.  760856 
.761148 

9.76i439 


4-97 
4-97 
4-95 
4-97 
4-95 
4-97 
4-95 
4-95 
4-95 
4.95 


95 
93 
95 
95 
93 
4-93 
4-93 
4-93 
4-93 
4-93 

4-93 
4-93 
4.92 
4-93 
4.92 
4.92 
4.92 
4.92 
4.92 
4.92 

4.92 
4.90 
4.92 
4.90 
4.92 
4.90 
4.90 
4.90 
4.90 
4.90 

4.88 

4.90 
4.88 
4.90 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 

4.88 

4.87 
4.S8 

4- 87 
4.87 
4.88 
4.87 
4- 87 
4.87 
4.85 


Cot. 


Cot. 


D.  1' 


o.  256248 

•  255950 

•  255652 

•  255355 
. 255057 

o. 254760 
.254462 
.254165 
.253S68 

.253571 

o. 253274 

.252977 

. 252681 

.252384 

. 252087 
0.251791 
.251495 
.251199 
.250903 

.  250607 

0.2503 I I 
.  250015 

. 249719 
.249424 

.249128 
o. 248833 

.248538 

. 248243 
.247948 
. 247653 

o. 247358 
. 247063 
. 246769 

. 246474 

.246180 
o.  245885 

.245591 
. 245297 
.245003 

.244709 

0.244415 

.244122 

.243828 
. 243535 
.243241 

o. 24294S 

. 242655 

. 242362 
.242069 
.241776 

o. 241483 
.241190 
.240S9S 
.240605 
. 240313 

o. 240021 

. 239728 
. 239436 
. 239144 
. 23S852 
0.238561 


Tan. 


M. 


60 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1683 


149 


M.    Sin.    D.  1 


9. 698970 
.699189 
.699407 
.699626 
.699844 

9. 700062 
. 700280 
. 700498 
.700716 
.700933 

9.701151 
.701368 

•  701585 
.701802 
.  702019 

9. 702236 
. 702452 
. 702669 
.702885 
.703101 

9-7033I7 
.703533 
. 703749 
.703964 
.704179 

9- 704395 
. 704610 

.704825 
. 705040 

.705254 
9. 705469 
. 705683 
.705898 
.706112 
.706326 
9-  706539 
.  706753 
.706967 
.707180 

•  707393 
9. 707606 

.707819 
. 708032 
.708245 
.708458 
9. 708670 
.708882 

.709094 
. 709306 
.709518 

9. 709730 
.709941 
.710153 
.710364 
.710575 

9.710786 
.710997 
.711208 
.711419 
.711629 

9. 71 1839 

Cos. 


Cos.    D.  1".  i   Tan.   D.  1".    Cot 


3.65 
3-63 
3-65 
3-63 
3.63 
3.63 
3-63 
3-63 
3.62 

3-63 

3.62 
3.62 
3-62 
3-62 
3-62 
3.60 
3.62 
3- 60 
3- 60 
3.60 

3- 60 
3.60 
3.58 
3.58 
3- 60 
3.58 
3.58 
3.58 
3-57 
3.58 

3-57 
3-58 
3-57 
3-57 
3-55 
3-57 
3-57 
3-55 
3-55 
3-55 

3.55 
3-55 
3-55 
3-55 
3-53 
3-53 
3-53 
3-53 
3-53 
3-53 

3-52 

3-53 
3-52 
3-52 
3-52 
3-52 
3.52 
3-52 
3-50 
3-5o 

D.  I". 


9-937531 
.937458 
.937385 
.937312 
.937238 

9-937I65 
.937092 
.937019 
.936946 
.936872 

9.936799 

.936725 
. 936652 

.936578 

.936505 

9-93643I 
.936357 
.936284 
.936210 
.936136 

9.936062 
.9359S8 
.9359H 
.935840 
.935766 

9.935692 
.935618 
•935543 
.935469 
•935395 

9.935320 
.935246 
.935171 
•935097 
.935022 

9.934948 
.934873 
.934798 
.934723 
.934649 

9-934574 
.934499 
.934424 
.934349 
.934274 

9.934199 
.934123 
.934048 
•933973 
.933898 

9.933822 
•933747 
•933671 
.933596 
.933520 

9- 933445 
.933369 
.933293 
.933217 
.933141 

9. 933066 

Sin. 


1.22 
1.22 
1.22 
1.23 
1.22 
1.22 
1.22 
1.22 
1.23 
1.22 

1.23 
1.22 
1.23 
1.22 
1.23 
1.23 
1.22 
1.23 
1.23 
1.23 

1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.25 
1.23 
1.23 
1-25 
1.23 
1.25 
1.23 
1.25 
1.23 
1.25 
1.25 

1-25 
1.23 

1.25 

1.25 
1.25 
1-25 
1.25 
1.25 
1.27 
1.25 
1.25 
1.25 
1.27 

1.25 
1.27 

1.25 
1.27 

1.25 
1.27 
1.27 
1.  27 
1.27 
1.25 


D.  1 


// 


9.761439 
.761731 
. 762023 
.762314 
. 762606 

9. 762897 
.7631S8 

.763479 
.763770 
. 764061 

9.764352 
.764643 

•  764933 
. 765224 

•  765514 
9- 765805 

.766095 
.766385 

•  766675 
.766965 

9- 767255 
.767545 
.767834 
.768124 
. 768414 

9. 768703 
. 768992 
.769281 
.769571 
. 769S60 

9. 770148 

.770437 
. 770726 
.771015 
.771303 
9-77I592 
. 771880 
.772168 

•  772457 
.772745 

9-773033 
.773321 
• 7736oS 
.773896 
. 774184 

9- 774471 
•774759 
.775046 
•775333 
.775621 

9- 7759o8 
.776195 
. 776482 
. 776768 
. 777055 

9-  777342 
. 777628 

. 777915 

. 778201 

. 778488 

9-  778774 

Cot. 


4.87 
4.87 
4.85 
4.87 
4.85 
4-85 
4.85 
4.85 
4-85 
4.85 

4.85 

4.83 
4.85 
4.83 
4.85 
4.83 
4-83 
4.83 
4.83 
4.83 

4.83 

4.82 
•  4.83 
4.83 
4.82 
4.82 
4.82 
4.83 
4.82 
4.80 

4.82 
4.82 
4.82 
4.80 
4.82 
4.80 
4.80 
4.82 
4.80 
4.80 

4.80 
4.78 

4.80 
4.80 
4.78 
4.80 
4.78 
4.78 
4.80 
4.78 

4.78 

4.78 
4-77 
4.78 
4.78 
4-77 
4.78 
4-77 
4.78 
4-77 

D.  1". 


0.238561 
. 238269 

•237977 
.237686 

•  237394 
0.237103 

.236812 
.236521 
. 236230 
. 235939 
o.  235648 

•  235357 
. 235067 
.234776 
. 234486 

0.234195 

•  233905 
.233615 

•  233325 

•  233035 
o. 232745 

.232455 
. 232166 
. 231876 
. 231586 
0.231297 
.231008 
. 230719 
. 230429 
. 230140 

o. 229852 
. 229563 
. 229274 
. 228985 
. 228697 

o. 228408 
.228120 
. 227832 
.227543 
.227255 

o. 226967 
. 226679 
. 226392 
.226104 
.225816 

o. 225529 
. 225241 
.  224954 

. 224667 

. 224379 

o. 224092 
. 223S05 
. 223518 

.223232 
. 222945 

o.  222658 
.222372 
.  222085 
.  221799 
. 221512 

o.  221226 

Tan. 


59' 


1684 


GENERAL  TABLES 


3ic 


14 


M.        Sin.         D.  1" 


o 
1 
2 
3 
4 
5 
6 

7 
8 

9 

10 
11 
12 
13 
14 
15 
16 

17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

3o 
3i 
32 

33 
34 
35 
36 
37 
38 
39 
40 

4i 
42 

43 
44 
45 
46 
47 
48 
49 
50 
5i 
53 
53 
54 
55 
56 
57 
58 
59 
60 


711S39 
712050 
712260 
712469 
712679 
712889 
71309S 
713308 

7I35I7 
713726 

713935 
714144 

714352 
7I456I 
714769 
714978 
715186 

715394 
715602 
715809 

716017 
716224 
716432 
716639 
716846 

717053 
717259 

717466 

717673 
717879 

718085 
718291 
718497 
718703 
718909 
719114 
719320 

719525 
719730 

719935 
720140 
720345 
720549 
720754 
720958 
721 162 
721366 
721570 

721774 
721978 

722181 
722385 
722588 
722791 
722994 
723197 
723400 
723603 
723805 
724007 
724210 

Cos. 


Cos. 


3.52 
3.50 
3.48 
3.50 
3-50 
3.48 
3-5° 
3-48 
3-48 
3-48 

3.48 
3-47 
3- 48 
3.47 
3.48 
3-47 
3-47 
3-47 
3-45 
3-47 

3-45 
3-47 
3-45 
3-45 
3-45 
3-43 
3-45 
3-45 
3-43 
3-43 

3-43 
3-43 
3-43 
3-43 
3-42 
3-43 
3-42 
3-42 
3-42 
3-42 

3-42 
3.40 
3-42 
3-4° 
3-40 
3-4° 
3.40 
3-4° 
3-4° 
3-38 

3.40 

3.38 
3-38 
3.38 
3-38 
3.38 
3-38 
3-37 
3-37 
3-38 

D.  1". 


9.933066 
.932990 

.9329H 
.93283S 
.932762 
9.9326S5 
.932609 
.932533 
.932457 
.932380 

9.932304 
.932228 
.932151 
.932075 
.931998 

9.931921 

.931S45 
.93176S 
.931691 
.931614 

9-931537 

.931460 

.931383 
.931306 
.931229 
9-93II52 
.931075 
.930998 
.930921 

•930843 
9.930766 
. 930688 
.930611 
.930533 
.930456 
9-930378 
.930300 
.930223 

.930145 
.930067 

9.929989 
.929911 
.929833 
.929755 
.929677 

9.929599 
.929521 
.929442 
.929364 
. 929286 

9. 929207 
.929129 
.929050 

.928972 
. 928893 

9.928815 
.928736 
.9286S7 
.92857S 
. 928499 

9. 928420 

Sin. 


D.  1". 


1.27 
1.27 
1.27 
1.27 
1.28 
1.27 
1.27 
1.27 
1.28 
1.27 

1.27 
1.28 
1.27 
1.28 
1.2S 
1.27 
1.28 
1.28 
1.28 
1.28 

1.28 
1.28 
1.28 
1.28 
1.28 
1.28 
1.28 
1.28 
1.30 
1.28 

1.30 
1.28 
1.30 
1.28 
1.30 
1.30 
1.28 
1.30 
1.30 
1.30 

1.30 
1.30 
1.30 
I.30 
I.30 
1.30 
1.32 

1.30 

1.30 

1.32 

1.30 
I.32 
1.30 
1.32 

1.30 
1.32 
1.32 
1.32 
1.32 
1.32 


Tan. 


D.  1". 


D.I' 


9- 77S774 
. 779060 

•  779346 
• 779632 
.779918 

9. 7S0203 
. 780489 
.780775 
.781060 
.781346 

9.781631 
.781916 
.732201 
. 7824S6 
.782771 

9. 783056 

.783341 
.7S3626 
.783910 
.7S4195 

9.784479 

.784764 
.785048 

•  785332 
.785616 

9.785900 
.7S6184 
. 786468 
.786752 
.787036 

9.787319 

.  787603 
. 7878S6 
.788170 

.788453 

9.7S8736 

. 789019 

. 789302 

•789585 
.789868 

9- 79oi5i 

-  790434 
. 790716 
. 790999 
.791281 

9- 791563 
.  791846 
.792128 
.792410 
. 792692 

9. 792974 

•  793256 
.793538 
.793819 
.794ioi 

9- 794383 
. 794664 
.794946 

-  795227 

-  795508 
9-  7957S9 

Cot. 


4-77 
4-77 
4-77 
4-77 
4-75 
4-77 
4-77 
4-75 
4-77 
4-75 

4-75 
4.75 
4-75 
4-75 
4-75 
4-75 
4-75 
4-73 
4.75 
4-73 

4-75 
4-73 
4-73 
4-73 
4-73 
4-73 
4-73 
4-73 
4-73 
4.72 

4.73 
4-72 
4-73 
4-72 
4-72 
4.72 
4.72 
4.72 
4.72 
4.72 

4-72 
4.70 
4.72 
4.70 
4.70 
4.72 
4.70 
4.70 
4.70 
4.70 

4.70 
4.70 
4.68 
4.70 
4.70 
4.68 
4.70 
4.6S 
4.68 
4.68 

D.  1". 


Cot. 


0.221226 
. 220940 
. 220654 
. 220368 
. 220082 

o. 219797 
.219511 
.219225 
.218940 
.218654 

o. 218369 
. 218084 

.217799 
.217514 

.217229 

0.216944 
. 216659 

.216374 

. 216090 

. 215805 

o.  215521 

. 215236 
.214952 

. 214668 

. 214384 

0.214100 

.213816 
.213532 
. 213248 
. 212964 

o. 2126S1 
.212397 
.212114 
.211830 

.211547 

0.21 1264 
.210981 
. 210698 
.210415 
.210132 

o.  209849 
. 209566 
. 209284 
.209001 
. 208719 

o. 208437 

.  20SI54 

. 207872 
.  207590 
. 207308 

o. 207026 
. 206744 
. 206462 
.206181 
. 205899 

o. 205617 
. 205336 
. 205054 
. 204773 

. 204492 
0.20421 I 

Tan. 


121' 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1685 
52°  147* 


o 
1 

2 

3 
4 
5 
6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 
27 
28 
29 
30 
3i 
32 
33 
34 
35 
36 
37 
38 
39 
40 

4i 
42 

43 
44 
45 
46 

47 
48 
49 
50 
5i 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sin. 


9. 724210 

.724412 

.724614 
.724816 
.725017 
9.725219 
. 725420 
.725622 

•  725823 
. 726024 

9. 726225 
. 726426 
. 726626 
.  726827 
.  727027 

9. 727228 
.  727428 
.  727628 
.  727828 
.  728027 

9. 728227 
.  728427 
.  728626 
.  728825 
.  729024 

9. 729223 
.  729422 
.  729621 
.  729820 
.  730018 

9. 730217 

.730415 
.730613 
.730811 
.731009 
9. 731206 
.  73M04 
.731602 

.731799 
.731996 

9-  732193 

•  732390 

•  732587 
. 732784 
.  732980 

9-733177 

•  733373 
.733569 

•  733765 
•73396i 

9.734157 
•734353 
•734549 
•734744 

•  734939 
9- 735135 

•  735330 
. 735525 
.735719 

•  7359H 
9. 736109 

Cos. 


D.  1' 


3-37 
3-37 
3-37 
3-35 
3-37 
3-35 
3-37 
3-35 
3-35 
3-35 

3-35 
3-33 
3-35 
3-33 
3-35 
3-33 


3-33 
3-33 
3-32 
3-33 

3-33 
3-32 
3-32 
3-32 
3-32 
3-32 
3-32 
3-32 
3-30 
3-32 

3-30 
3-30 
3-3° 
3-30 
3-28 
3-30 
3-30 
3.28 
3.28 
3.28 

3.28 


3-27 
3-27 
3-27 

3-27 

3-27 
3.27 
3.25 
3-25 
3-27 
3-25 
3-25 
3-23 
3-25 
3.25 

D.  1". 


Cos. 


9. 928420 
.928342 
. 928263 
.928183 
.928104 

9. 928025 
.927946 
.927867 
.927787 
. 927708 

9. 927629 

.927549 
.927470 
.927390 
.927310 
9.927231 

.927151 
. 927071 
. 926991 
.926911 

9.926831 
.926751 
.926671 
.926591 

.926511 
9.926431 

.926351 
.926270 
.926190 
.926110 

9. 926029 

.925949 

.92586S 

.925788 

.925707 

9. 925626 

.925545 
.925465 
.9253S4 
.925303 
9.925222 
.925141 
.925060 

.924979 

. 924897 

9.924816 

.924735 
.924654 

.924572 
.924491 

9.924409 
.924328 
. 924246 
.924164 
. 924083 

9. 924001 
.923919 
•  923837 
. 923755 
.923673 

9-  923591 

Sin. 


D.  1", 


1.30 
1.32 

1-33 
1.32 
1.32 
1.32 
1.32 

1-33 
1.32 

1.32 

1-33 
1.32 

1-33 
1-33 
1.32 
1-33 
1-33 
1-33 
1-33 
1-33 

1-33 
1-33 
1-33 


1-33 
1-33 
1-33 
1-35 
1-33 
1-33 
i-35 

i-33 
1-35 
1-33 
1-35 
1-35 
1-35 
1-33 
i-35 
1-35 
1-35 

1-35 
1-35 
1-35 
1-37 
1-35 
1-35 
1-35 
1.37 
1-35 
1-37 

1-35 
1-37 
1-37 
1.35 
i-37 
1-37 
i-37 
1-37 
1-37 
1-37 


D.  i' 


Tan. 


9- 795789 
. 796070 

.796351 
. 796632 

■  796913 
9. 797194 

•  797474 

•  797755 
. 798036 
.798316 

9. 798596 
.798877 

.  799157 

•  799437 
.799717 

9. 799997 
. 800277 
. 800557 
.  800836 
.801116 

9.801396 
. 801675 
.801955 
. 802234 
.802513 

9. 802792 
. 803072 
.803351 
. 803630 
.803909 

9. 804187 


.804745 
.  S05023 
. 805302 
9. 805580 
.805859 
.806137 
.806415 
. 806693 

9. 806971 
.807249 
.807527 
. 807805 
. 80S083 

9.808361 
. 808638 
.808916 
.809193 
.809471 


9- 

.810025 
.810302 
.810580 
.810857 

9.S11134 
.811410 
.811687 
.811964 
.812241 

9-812517 

Cot. 


D.i' 


4.68 
4.68 
4.68 
4.68 
4.68 
4.67 
4.68 
4.68 
4.67 
4.67 

4. 68 
4.67 
4.67 
4.67 
4.67 
4.67 
4.67 
4.65 
4.67 
4.67 

4-65 
4.67 
4.65 
4.65 
4.65 
4.67 
4.65 
4-65 
4.65 
4-63 

4.65 
4.65 
4.63 
4.65 
4.63 
4.65 
4.63 
4.63 
4-63 
4.63 

4.63 
4.63 
4.63 
4.63 
4.63 
4.62 

4.63 
4.62 

4-63 
4.62 

4.62 
4.62 

4.63 
4.62 
4.62 
4.60 
4.62 
4.62 
4.62 
4.60 

D.  1". 


Cot. 


o. 20421 1 
. 203930 
. 203649 
. 203368 
. 203087 

o. 202806 
. 202526 
. 202245 
.201964 
. 201684 

o. 201404 
.201123 
. 200843 
. 200563 
. 200283 

o. 200003 

. 199723 
. 199443 

. 199164 

. 198884 
o. 198604 

. 198325 
. 198045 

.  197766 

.  197487 

o.  197208 
. 196928 
. 196649 

. 196370 

. 196091 
o. 195813 

. 195534 
. 195255 
. 194977 

. 194698 
o. 194420 

. 194141 
. 193863 
. 193585 
. 193307 

o. 193029 

. 192751 
. 192473 
. 192195 
.191917 

o. 191639 

.  191362 

. 191084 
. 190807 

. 190529 

o. 190252 

. 189975 
. 189698 
.189420 

. 189143 

o. 188866 

.  188590 
. 1883 13 
. 188036 
. 187759 

o. 187483 
Tan. 


57' 


i686 


GENERAL  TABLES 


33' 


M.    Sin. 


o 
x 
a 
3 
4 
5 
6 

7 
8 

9 

10 

II 
12 

13 
14 

15 
16 

17 

18 

19 

20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

30 

31 
32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 

49 

50 
5i 
52 
53 
54 
55 
56 
57 
58 

59 

60 


9.  736109 

7363°3 
736498 
736692 
736886 
737080 
737274 
737467 
737661 

737855 
738048 
738241 
738434 
738627 
738820 

739013 
739206 

739398 
739590 
739783 

739975 
740167 

740359 
74O550 
740742 

740934 
741 125 
741316 
741508 
741699 

741889 
742080 
742271 
742462 
742652 
742842 
743033 
743223 
743413 
743602 

743792 
743982 

744I7I 
74430I 
744550 

744739 
744928 

745H7 
745306 

745494 
745683 
745871 
746060 
746248 
746436 
746624 
746812 

746999 
747187 

747374 
747562 

Cos. 


D.  i' 


Cos. 


D.  I' 


9- 923591 
•  923509 
.923427 

.923345 
. 923263 
.923181 
.923098 
.923016 

.922933 
.922851 

. 922768 
, 922686 
, 922603 
.922520 
. 922438 

■  922355 
,922272 
,922189 
,922106 
, 922023 

921940 

921857 
921774 
921691 
921607 
921524 
921441 

92I357 
921274 
921 190 

921107 
921023 
920939 
920856 
920772 


920604 
920520 
920436 
920352 

920268 
920184 
920099 
920015 
919931 
919846 
919762 
919677 

919593 
919508 

919424 
9J9339 
919254 
919169 
919085 
919000 
918915 
918830 

918745 
918659 

9l8574 
Sin. 


D.I' 


37 
■37 

37 
37 
37 
■38 
37 
38 
37 
.38 

37 

38 
38 
37 
38 
38 
38 
.38 
38 
.38 

■38 
38 
38 
40 

■38 
38 
40 
38 
.40 
■  38 

40 
40 
38 
40 
40 
40 
40 
40 
40 
40 

40 
42 
40 
40 
42 
40 
42 
40 
42 
40 

42 
42 
42 
40 
42 
42 
42 
42 
43 
42 


D.  1' 


Tan. 


9.812517 
812794 
813070 

8i3347 
813623 
813899 
814176 
814452 
814728 
815004 

815280 
8i5555 
815831 
816107 
816382 
816658 
816933 
817209 
817484 
8i7759 
818035 
818310 
818585 
818860 

819135 
819410 
819684 
819959 
820234 
820508 

820783 
821057 
821332 
821606 
821880 
822154 
822429 
822703 
822977 
823251 

823524 
823798 
824072 

824345 
824619 
824893 
825166 
825439 
825713 
825986 

826259 
826532 
826805 
827078 

827351 
827624 
827897 
828170 
828442 
828715 
828987 

Cot. 


D.  i' 


Cot. 


4.62 
4.60 
4.62 
4.60 
4.60 
4.62 
4.60 
4.60 
4.60 
4.60 

4.58 
4.60 
4.60 
4.58 
4.60 
4.58 
4.60 
4.58 
4.58 
4.60 

4.58 
4.58 
4.58 
4.58 
4.58 
4-57 
4.58 
4.58 
4-57 
4.58 

4-57 
4.58 
4-57 
4-57 
4-57 
4.58 
4-57 
4-57 
4-57 
4-55 


4-55 
4-55 
4-55 


4- 

4- 
4- 
4- 
4- 
4- 
4- 

D.  I' 


o. 187483 
,187206 
, 186930 
■  186653 
■186377 
,186101 
, 185824 
.185548 
, 185272 
,184996 


Tan. 


123' 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1687 
34°  145" 


M.         Sin.         D.  i". 


9- 747562 
•747749 
•747936 
.748123 
.748310 

9. 748497 
.748683 
. 748870 
.749056 
.749243 

9. 749429 

.749615 
.749801 

.749987 
.750172 

9- 750358 
.750543 
.750729 
.750914 

.751099 
9.751284 
.751469 
.751654 
.751839 
. 752023 
9.752208 
.752392 
.752576 

•  752760 
.75294^ 

9- 753128 
.753312 
•753495 
.753679 
. 753862 

9. 754046 
.754229 
.754412 

•754595 
.754778 

9. 754960 
•755143 

•  755326 
.75550S 
• 7556QO 

9.755872 
.756054 

•  756236 
.756418 
. 756600 

9.756782 

•  756963 
.757M4 
.757326 
.757507 

9- 7576S8 
.757869 

•  758050 
• 75S230 
.758411 

9-  758591 

Cos. 


3-12 

3-12 

3-12 
3-12 

3.12 
3.10 
3.12 

3-  JO 
3.12 
3.10 

3.10 
3- 10 
3.10 
3-  oS 

3- °8 
3- 10 
3- 08 
3-  °8 
3.08 

3.08 
3.08 
3.08 
3.07 
3.08 
3.07 
3.07 
3.07 
3.07 
3.07 

3.07 
3-05 
3-07 
3.05 
3.07 
3.05 
3.05 
3-05 
3.05 
3.03 

3.05 
3.05 
3.03 
3.03 
3.03 
3.03 
3.03 
3.03 
3.03 
3.03 

3.02 
3.02 
3.03 
3.02 
3.02 
3.02 
3.02 
3.00 

3-02 

3.00 
D.  1". 


Cos. 


9.918574 
.9184^9 
.918404 
.918318 
.918233 

9.9:8147 
.918062 
.917976 
.917891 
.917805 

9.917719 
.917654 
•9I754S 
.917462 
.917376 

9.917290 
.917204 
.917118 
.917032 
.916946 

9.916859 

•9l6773 
.9166S7 
.916600 
.916514 
9.916427 
.916341 
.916254 
.916167 
.916081 

9- 9*5994 
.915907 
.915820 

•9I5733 
.915646 

9-9*5559 
•9*5472 
.9*5385 
•9*5297 
.915210 

9- 9*5*23 

•9I5035 
.914948 
.914860 

•9*4773 
9. 914685 

.914598 
.914510 
.914422 
•914334 

9.914246 
.914158 
.914070 
.913982 
.913894 

9. 913806 
.913718 
.913630 
.913541 
.913453 

9.9I3365 

Sin. 


D.  I' 


Tan.    D.  1 


1.42 
1.42 

1-43 
1.42 

1-43 
1.42 

1-43 
1.42 

1-43 
1-43 
1.42 
1-43 
1-43 
1-43 
1-43 
1-43 
1-43 
1-43 
1-43 
1-45 

1.43 
1-43 
1-45 
1-43 
i-45 
1-43 
1-45 
1-45 
1-43 
1-45 

s-45 

1-45 
1-45 
1.45 
1-45 
1-45 
1-45 
1.47 

1-45 
1-45 

1-47 
1-45 
1.47 
1-45 
1-47 
1-45 
1.47 
1.47 
1.47 
1.47 

1.47 
1.47 

1.47 
1.47 
1.47 
1.47 

1.47 
1.48 

1.47 
1.47 


9. 828987 
. 829260 

•  829532 
.829805 

•  830077 
9.830349 

.830621 
.830893 
.831165 
.831437 

9.831709 
.831981 
.832253 
.832525 
.832796 

9.833068 

•833339 
.833611 
.833882 

.834154 
9.834425 
.834696 
.834967 
.835238 
.835509 
9.835780 

•  836051 
.836322 

.836593 
.836864 

9.837134 
.837405 
.837675 
.837946 
.838216 

9.838487 
.838757 
.839027 

•839297 
.839568 


.840378 


J  D.  x". 


.840917 
9. 841 187 
.841457 
.841727 
.841996 
. 842266 

9.842535 
.842805 

.843074 

.843343 

.843612 

9.843882 

.844151 
. 844420 
. 844689 
.844958 
9. 845227 

Cot. 


Cot. 


4-55 
4-53 
4-55 
4-53 
4-53 
4-53 
4-53 
4.53 
4-53 
4-53 

4-53 
4-53 
4-53 
4.52 
4-53 
4.52 
4-53 
4.52 
4-53 
4-52 

4.52 
4.52 
4.52 
4.52 
4.52 
4.52 
4.52 
4-52 
4.52 
4-5° 

4.52 
4.50 
4.52 
4.50 
4-52 
4-50 
4.50 
4.50 
4.52 
4-50 

4.50 
4.50 
4-50 
4.48 
4.5o 
4.50 
4.5o 
4.48 
4-50 
4.48 

4.50 
4.48 
4.48 
4.48 
4.50 
4.48 
4.48 
4.48 
4.48 
4.48 

D.  1". 


o. 171013 
. 170740 
. 170468 
. 170195 

•  169923 
0.16965 1 

•  169379 
.  169107 
.168835 
.168563 

o.  168291 
.168019 

. 167747 
. 167475 

.  167204 
o. 166932 

. 166661 
. 166389 
.166118 
. 165846 

o. 165575 

. 165304 
. 165033 
. 164762 
. 164491 
o. 164220 

. 163949 
.163678 
. 163407 
. 163136 

o. 162866 

. 162595 
. 162325 
. 162054 
. 161784 
o. 161513 

.161243 
.160973 

. 160703 
. 160432 

o. 160162 

. 159892 

. 159622 

. 159352 
.159083 

o. 158813 

•  158543 
. 158273 

. 158004 

•  157734 

o.  157465 

.157195 
. 156926 

. 156657 
. 156388 

o. 156118 

. 155849 
. 155580 
.155311 
. 155042 

o. 154773 

Tan. 


55' 


i688 


GENERAL  TABLES 


35' 


M. 


Sin. 


o 

i 

2 

3 
4 

5 
6 

7 
S 

9 
io 
II 
12 
13 
14 
15 
16 

17 
18 

19 

20 
21 
22 

23 
24 

25 
26 

27 
28 

29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


i25c 


9- 758591 
.758772 

.753952 

•759I32 

.759312 

9-  759492 

•  759672 

•  759852 
.760031 
.760211 

9. 760390 
. 760569 
. 760748 
. 760927 
.761106 

9.761285 
. 761464 
.761642 
.761821 
.761999 

9- 762177 
. 762356 

.762534 

.762712 

. 762889 

9. 763067 

•  763245 
.763422 
. 763600 
.763777 

9- 763954 
.764131 
.764308 

.764485 

. 764662 

9.764838 

•765015 
.765191 

.765367 

•  765544 

9. 765720 
.765896 
. 766072 
. 766247 
. 766423 

9. 766598 
.766774 

•  766949 
.767124 
.767300 

9-  767475 
.767649 
. 767824 
.767999 

.768173 
9.768348 
.768522 
. 768697 
.768871 
.769045 
9. 769219 

Cos. 


D.  I". 


3.02 

3-oo 

3- 00 
3- 00 
3- 00 

3-0° 
3- 00 
2.98 
3.00 
2.98 

2.98 
2.98 
2.98 
2.98 
2.98 
2.98 

2.97 
2.98 
2.97 
2.97 

2.98 
2.97 
2.97 

2.95 
2.97 

2-97 
2-95 
2.97 
2-95 
2-95 

2.95 

2.95 
2.95 
2.95 
2.93 
2-95 
2-93 
2.93 
2-95 
2-93 

2.93 
2.93 
2.92 

2-93 
2.92 

2.93 
2.92 
2.92 

2.93 
2.92 

2.90 
2.92 
2.92 
2.90 
2.92 
2.90 
2.92 
2.90 
2.90 
2.90 


D.  x' 


Cos. 


9-9I3365 
.913276 

.913187 
.913099 
.913010 
9.912922 
.912833 
.912744 
.912655 
.912566 

9.912477 
.9123S8 
.912299 
.912210 
.912121 

9.912031 
.911942 
.911853 
.911763 
.911674 

9.911584 

.9"495 
.911405 

•  9"3i5 
.911226 
9. 91 1 136 
.911046 
.910956 
.910866 
.910776 

9. 9106S6 
.910596 
.910506 
.910415 

•910325 

9.910235 

.910144 

.910054 

.909963 

.909873 

9.909782 

.909691 

.909601 

.909510 

.909419 

9. 909328 

.909237 

.909146 

.909055 
.  908964 

9.908873 
.908781 
.908690 

.908599 
.908507 

9.908416 
.908324 
. 908233 
.908141 
.  908049 

9. 907958 

Sin. 


D.  i' 


1.48 
1.48 

1.47 
1.48 
1.47 
1.48 
1.48 
1.48 
1.48 
1.48 

1.48 
1.48 
1.48 
1.48 
1.50 
1.48 
1.48 
1.50 
1.48 
1.50 
1.48 
1.50 
1.50 
1.48 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1-50 
1.52 
1.50 
1.50 
1-52 
1.50 
1.52 
1.50 
1.52 

1.52 
1.50 
1.52 
1.52 
1-52 
1.52 
1.52 
1.52 
1-52 
1.52 

1.53 
1.52 
1.52 
1-53 
1.52 
1-53 
1.52 
1-53 
1-53 

1-52 

D.  1". 


Tan. 


9.845227 
.845496 
.845764 
. 846033 
. 846302 

9.846570 


.847108 
.8473/6 
.847644 

9.8479I3 
.848181 
.848449 
"  3717 


9. 849254 
.849522 
.849790 
.850057 
.850325 

9-850593 
. 850861 
.851129 
.851396 
. 851664 

9- 851931 
.852199 
. 852466 

•  852733 
. 853001 

9.853268 

.853535 

•  853802 
. 854069 
.854336 

9.854603 
.854870 
.855137 
•855404 
.855671 

9.855938 
. 856204 
.856471 

.856737 

• S57004 

9.857270 

.857537 
. 857803 
.858069 
.858336 
9. 858602 


.859134 
.859400 
. 859666 
9-859932 
.860198 


.860730 

. 860995 

9. 861261 

Cot. 


D.  1' 


4.48 
4-47 
4.48 
4.48 
4-47 
4.48 
4.48 
4-47 
4-47 
4.48 

4-47 
4-47 
4-47 
4.48 


4-47 


4-47 
4-45 


4-45 
4-45 

4-45 

4-43 
4-45 
4-43 
4-45 
4-43 
4-45 
4-43 
4-43 
4-45 
4-43 

4-43 
4-43 
4-43 
4-43 
4-43 
4-43 
4-43 
4-43 
4.42 

4-43 
D.  I". 


Cot 


141398 
141132 
140866 
140600 

140334 
140068 
139802 
139536 
139270 
139005 
138739 


Tan.    M. 
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TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1689 
36°  I43( 


M.    Sin.    D.  1 


Cos.    D.  1".    Tan.    D.  1 


769219 

769393 
769566 
769740 
769913 
7700S7 
770260 

770433 
770606 
770779 

770952 
77H25 
771298 
771470 
771643 

77i8i5 
771987 

772159 
772331 
772503 
772675 
772847 
773018 
773190 
77336i 
773533 
773704 
773S75 
774046 
774217 

774388 

774558 
774729 
774899 
775070 
775240 
7754io 
77558o 
775750 
775920 

776090 
776259 
776429 
776598 
776768 

776937 
777106 

777275 
777444 
777613 

777781 
777950 
778119 
778287 

778455 
778624 
778792 
778960 
779128 
779295 
779463 

Cos. 


2.90 
2.88 
2.90 
2.88 
2.90 
2.88 
2.88 
2.88 
2.88 
2.88 

2.88 
2.88 
2.87 
2'.  88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 

2.87 
2.85 
2.87 
2.85 
2.87 
2.85 


85 
85 
85 

85 

83 
85 
83 
2.85 
2.83 
2.83 
2.83 
2.83 
2.83 
2.83 

2.82 
2.83 
2.82 
2.83 
2.82 
2.82 
2.82 
2.82 
2.82 
2.80 

2.82 
2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
2.80 
2.78 
2.80 


D.  I". 


9. 907958 

.907066 

.907774 
.9076S2 

.907590 
9-907498 
. 907406 
.907314 
.907222 
.907129 

9.907037 
.906945 
.906852 
. 906760 
. 906667 

9. 906575 
.906482 


.906296 
.906204 

9. 9061 1 1 


.905925 
.905832 

.905739 
9.905645 

.905552 
.905459 
.905366 
.905272 

9.905179 
. 905085 
.904992 


. 904804 
9. 90471 I 
.904617 
.904523 
.904429 
.904335 
9.904241 
.904147 
.904053 
.903959 
.903S64 
9. 903770 
.903676 
.903581 
.9034S7 
.903392 

9. 903298 
.903203 
.903108 
.903014 
.902919 

9.902S24 
.902729 
.902634 

.902539 

.902444 

9. 902349 

Sin. 


1-53 
1-53 
1-53 
1-53 
1-53 
1-53 
1-53 
1-53 
1-55 
1-53 

i-53 
1-55 
1-53 
1-55 
1-53 
1-55 
1-55 
1-55 
1-53 
1-55 

i-55 
1-55 
1-55 
1-55 
1-57 
1-55 
1-55 
1-55 
1-57 
1-55 

1-57 
1-55 
1-57 
1-57 
1.55 
1-57 
1-57 
1-57 
1.57 
1-57 

1.57 
1-57 
1-57 
1.58 
1-57 
1.57 
1.58 
1.57 
1.58 
1-57 

1.58 
1.58 
1-57 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 

D.  1". 


9. 861 261 
.S61527 
.861792 
.S62058 
.862323 

9.S62589 
.862854 
.863119 
.S63385 
.863650 

9.863915 
.864 1 &o 
.864445 
.864710 
.864975 

9. 865240 
.865505 
.865770 
.866035 
. 866300 

9. 866564 
. 866829 
. 867094 
.867358 
.867623 

9. 8678S7 
.868152 
.868416 
.S68680 


9. 869209 
•  869473 
.869737 
.870001 
. 870265 

9. 870529 
.870793 
.871057 
.871321 
.871585 

9.871849 
.872112 
.872376 
. 872640 
.872903 

9.S73167 

.873430 
.873694 

.873957 
. 874220 

9.874484 
.874747 
.875010 
.875273 
.875537 

9. 875800 
.876063 
.876326 
.876589 
.876852 

9.877114 

Cot. 


Cot. 


4-43 
4.42 
4-43 
4.42 

4-43 
4.42 
4.42 

4-43 
4.42 
4.42 

4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.40 

4.42 
4.42 
4.40 
4.42 
4.40 
4.42 
4.40 
4.40 
4.42 
4.4o 

4.40 
4.40 
4.40 
4.4o 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 

4.38 
4.4o 
4.40 
4.38 
4.40 
4.38 
4.40 
4.38 
4.38 
4.40 

4.38 

4.38 
4.38 
4.40 
4.38 
4.38 
4.38 
4.38 
4.38 
4-37 

D.  1". 


138739 
138473 
138208 
137942 
137677 

1374" 
I37I46 
136881 
136615 
136350 
136085 
135820 
135555 
135290 
135025 
134760 

134495 
134230 

133965 
133700 

133436 
133171 
132906 
132642 

132377 
132113 
131848 

131584 
131320 
131055 

130791 
130527 
130263 
129999 

129735 
1 2947 1 
129207 
128943 
128679 
128415 

128151 
127888 
127624 
127360 
127097 
126833 
126570 
126306 
126043 
125780 

125516 

125253 
124990 
124727 
124463 
124200 

123937 
123674 
123411 
123148 
1228S6 

Tan. 


M. 


53' 


1690 


GENERAL  TABLES 


37 


142 


M.         Sin.      i   D.  i' 


Cos. 


10 
11 
12 
13 
M 
15 
16 

17 
18 

19 

20 

21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
3i 
33 
33 
34 
35 
36 
37 
38 
39 
40 
4i 
42 
43 
44 
45 
46 

47 
48 

49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


127' 


9- 779463 
.779631 
.779798 
. 779966 
. 7S0133 

9. 780300 
. 780467 
.7S0634 
.7S0S01 
.780968 

9.7S1134 
.781301 
.781468 
.781634 
.781800 

9.781966 
.782132 
.782298 
. 782464 
. 782630 

9.782796 
.782961 
.783127 
.783292 
.783458 

9. 783623 
.783788 

.783953 
.784118 
. 784282 

9. 784447 
.784612 
.784776 
.784941 
.785105 

9. 785269 
•785433 
.785597 
.785761 

.  785925 

9. 786089 
.  786252 
.786416 
.786579 
.  786742 

9. 786906 
. 787069 
.787232 
.787395 
.787557 

9. 787720 
.787883 
.78S045 
.  788208 
.788370 

9.788532 
.  7.88694 
.788856 
.789018 
.7891S0 

9. 789342 

Cos. 


2.80 
2.78 
2.80 
2.78 
2.78 
2.78 
2.78 
2.78 
2.78 
2.77 

2.78 
2.78 
2.77 
2.77 
2.77 
2.77 

2.77 
2.77 
2.77 
2.77 

2.75 
2.77 

2.75 
2.77 

2.75 
2-75 
2.75 
2.75 
2-73 
2.75 
,  2.75 
.  2.73 
.  2.75 
2-73 
2-73 
2-73 
2-73 
2.73 
2-73 
2.73 

2.72 

2-73 
2.72 
2.72 

2.73 
2.72 
2.72 
2.72 
2.70 
2.72 

2.72 
2.70 
2.72 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

D.  I". 


9. 902349 
.902253 
.902158 
. 902063 
.901967 

9.901872 
.901776 
.901681 

.901585 
.901490 

9.901394 
.901298 
.901202 
.901106 
.901010 

9.900914 
.900818 
.900722 
. 900626 
.900529 

9.900433 

•900337 
.900240 
.900144 
. 900047 
9.899951 


.899757 
. S99660 
.899564 

9. 899467 
.899370 
.899273 
.899176 
.899078 

9.89S9S1 


.898787 


.898592 


.898397 

. 898299 

.898202 

398104 


.897810 
.897712 
.897614 

9.897516 
.897418 
.897320 
.897222 
.897123 

9.897025 
.896926 


.896729 

.896631 

9. 896532 

Sin. 


D.  1' 


.60 
.58 
.58 
.60 
.58 
.60 
.58 
.60 
.58 
.60 

.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.62 
.60 

.60 
.62 
.60 
.62 
.60 
.62 
.62 
.62 
.60 
.62 

.62 
.62 
.62 
.63 
.62 
.62 
.62 

.63 
.62 

.63 

.62 

.63 
.62 

.63 
.63 
63 
63 
63 
63 
63 

63 
63 
63 
65 
63 
65 
63 
65 
63 
65 


D.  1". 


Tan. 


9. 8771 14 

.877377 
. 877640 
.877903 
.878165 
9.878428 
.87S691 

.878953 
.879216 
.879478 

9.879741 
.8S0003 
.880265 
.880528 


9.881052 
.881314 
.881577 
.881839 
.882101 

9.882363 
.882625 
.882887 
.883148 
.883410 

9.883672 

.883934 
.884196 
.884457 
.884719 


9 

. 885242 
.885504 
. S85765 
.8S6026 

9. S86288 
.886549 
.886S11 
.8S7072 
.887333 

9.887594 
.8S7S55 
.888 1 16 
.888378 
.888639 

9. 888900 
.889161 


12 
.8S9943 

9. 890204 
. 890465 
.890725 


.891247 
9. 891507 
.891768 
. 892028 
. 892289 
. 892549 
9. 892810 

Cot. 


D.  1' 


Cot. 


4.38 
4.38 
4.38 
4-37 
4.38 
4.38 
4-37 
4.38 
4-37 
4.38 

4-37 
4-37 
4.38 
4-37 
4-37 
4-37 
4.38 
4-37 
4-37 
4-37 

4-37 
4-37 
4-35 
4-37 
4-37 
4-37 
4-37 
4-35 
4.37 
4-35 

4.37 

4-37 
4-35 


4-33 
4-35 
4-35 
4-35 

4.35 

4-33 
4-35 
4-35 
4-33 
4-35 
4-33 
4-35 
4-33 
4-35 

D.  I". 


0. 122886 

. 122623 
.122360 
.122097 
. 121835 

o. 121572 
.121309 
.121047 
.120784 
. 120522 

o. 120259 

.119997 

.119735 
.119472 

. 119210 
0.1 18948 

.118686 
.118423 
.118161 
.117899 

0.1 17637 

.117375 
.117113 

.116852 

.116590 

o.  116328 

.116066 

.115804 

.115543 
.115281 

0.1 15020 

.114758 

.114496 

.114235 

.113974 

0.113712 

.113451 
.113189 

.112928 
. 112667 

o.  112406 

.112145 
.111884 
.111622 
.111361 

O.  IIIIOO 

.110839 

.110579 
.110318 
.110057 

o. 109796 

. 109535 
. 109275 

.  109014 
. 108753 
o. 108493 
. 108232 
. 107972 
. 107711 

.  107451 

o.  107190 
Tan. 


52' 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1691 
38°  141' 


M.        Sin.        D.  1".  Cos.  D.  1".         Tan.        D.  1".         Cot. 


789342 
789504 
789665 
789827 
7899S8 
790149 
790310 
790471 
790632 
790793 

79°954 
79"  15 
791275 
79i43'S 
791596 

79*757 
-791917 
792077 
792237 
792397 

792557 
792716 
792876 
793035 
793195 
793354 
7935H 
793673 
793832 
793991 

794150 
794308 
794467 
794626 
794784 
794942 
795ioi 
795259 
795417 
795575 

795733 
795891 
796049 
796206 
796364 
796521 
796679 
796836 

796993 
797150 

797307 
797464 
797621 
797777 
797934 
798091 
798247 
798403 
798560 
798716 
798872 

Cos. 


2.70 
2.68 
2.70 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 

2.68 
2.67 
2.68 
2.67 
2.68 
2.67 
2.67 
2.67 
2.67 
2.67 

2.65 
2.67 
2.65 
2.67 
'2.65 
2.67 
2.65 
2.65 
2.65 
2.65 

2.63 

2.65 
2.65 
2.63 
2.63 
2.65 
2.63 
2.63 
2.63 
2.63 

2.63 
2.63 
2.62 
2.63 
2.62 
2.63 
2.62 
2.62 
2.62 
2.62 

2.62 
2.62 
2.60 
2.62 
2.62 
2.60 
2.60 
2.62 
2.60 
2.60 

D.  1". 


9. 896532 
.896433 
.896335 
. 896236 
.896137 

9. 896038 

.895939 
.895840 

.895741 
.895641 

9-895542 
.895443 
.895343 
.895244 
.895145 

9.895045 
.894945 


.894746 
. 894646 

9.894546 
.894446 
•  894346 
. 894246 
.894146 

9. 894046 
. S93946 
.893846 
.893745 
•893645 

9.893544 
.893444 
.893343 
.893243 
.893142 

9.893041 
. 892940 
. 892839 

.892739 
.S92638 

9.892536 
.892435 
.892334 
.892233 
.892132 

9. 892030 
.891929 
.891827 
.891726 
.891624 

9-89I523 
.891421 
.891319 
.891217 
.891115 

9-8qioi3 
.890911 
. 890809 
. 890707 
.890605 

9. 890503 

Sin. 


65 

63 
65 

65 
65 

65 

^5 
65 
67 
65 

65 
67 
65 
65 
67 
-7 
65 
67 
67 
67 

67 
67 

67 
67 
K7 
67 
67 
68 

67 
68 

67 
68 
67 


.68 
.67 
.68 
.70 

.68 
.68 
.68 
.68 
.70 
.68 
-70 
.68 
-70 
.68 

•  70 
.70 

•  70 
-70 
.70 
.70 
.70 
.70 
.70 
.70 


D.  1". 


g.  892810 
.893070 
.893331 
.893591 
.893851 

9. 8941 1 1 
.894372 
.894632 
.894892 
.S95152 

9.895412 
.895672 
.895932 
.896192 
.896452 

9.896712 
.896971 
.897231 
.897491 
.897751 

9. 898010 
.898270 
. 898530 
. 898789 
.899049 

9. 899308 


.899827 
.900087 
.900346 

g. 900605 
.900864 
.901124 

•901383 
.901642 
9. 901901 
.902160 
. 90 2420 
. 902679 
.902938 

9. 903197 
.903456 
.903714 
.903973 
.904232 

9. 904491 
. 904750 
.  905008 
.905267 
.905526 

9-905785 
.906043 
. 906302 
. 906560 
.906819 

9.907077 
.907336 
.907594 
•907853 
.908111 

9. 908369 

Cot. 


4-33 
4-35 
4-33 
4-33 
4-33 
4-35 
4-33 
4-33 
4-33 
4-33 

4-33 
4-33 
4-33 
4-33 
4-33 
4-32 
4-33 
4-33 
4-33 
4-32 

4-33 
4-33 
4-32 
4-33 
4-32 
4-33 
4-32 
4-33 
4-32 
4.32 

4.32 
4-33 
4.32 
4-32 
4-32 
4-32 
4-33 
4-32 
4-32 
4.32 

4.32 
4.30 
4.32 
4.32 
4.32 
4.32 
4-30 
4-32 
4.32 
4-32 

4.30 
4-32 
4.30 
4-32 
4-30 
4.32 
4-30 
4-32 
4.30 
4-3o 

D.  1". 


o. 107190 
. 106930 
.106669 
.106409 
.106149 

o. 105889 
. 105628 

. 105368 

.  105108 
. 104848 

o. 104588 

. 104328 

.104068 

. 103808 
. 103548 
o. 103288 
. 103029 
. 102769 

. 102509 
. 102249 

o. 101990 
. 101730 
.101470 

.101211 
.  IOO95 1 

o.  100692 
. 100432 
. 100173 
.099913 
.099654 

0.099395 
.099136 
.098876 
.098617 

.098358 

o. 098099 
.097S40 
.097580 
.097321 

.097062 

0.096803 
.096544 

.096286 
.096027 

.095768 

0.095509 

.095250 

.094992 

.094733 
.094474 

0.094215 

.093957 
.093698 
.093440 
.093181 

o. 092923 
.092664 
.092406 
.092147 
.091889 

o. 091631 

Tan. 


128° 


51' 


1692 


GENERAL  TABLES 


140 


M.    Sin. 


10 
11 
12 
13 
M 
15 
16 

17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4i 
42 
43 
44 
45 
46 

47 
48 

49 

5° 
5i 
52 
53 
54 
55 
56 
57 
53 
59 
60 


D.  I' 


9. 798872 
.799028 
.799184 

•  799339 

•  799495 
9.799651 

.799806 
.799962 
.800117 
.800272 

9. 800427 
.8005S2 
.800737 
. 800892 
.801047 

9. 801201 
.801356 
.801511 
.801665 
.801819 

9. 801973 
.802128 
.802282 
. 802436 
. 802589 

9. 802743 
. 802897 
.803050 
.803204 
.803357 

9. 80351 1 
.803664 
.803S17 
.803970 
.804123 

9.804276 
.804428 
. 804581 
.804734 


9. S05039 
.805191 
.805343 
.805495 
. 805647 

9.805799 
.805951 
.806103 
. 806254 
.806406 

9. 806557 
. 806709 
. 806S60 
.807011 
.807163 

9.807314 
.807465 
.807615 
.807766 
. 807917 

9. 808067 

Cos. 


2.60 
2.60 
2.58 
2.60 
2.60 
2.58 
2.60 
2.58 
2.58 
2.58 

2.58 
2.58 
2.58 
2.58 
2.57 
2.58 
2.58 
2.57 
2.57 
2.57 

58 
57 
57 
55 
57 
57 
2.55 
2.57 
2.55 
2.57 

2.55 
2.55 
2.55 
2.55 
2.55 
2-53 
2.55 
2.55 
2.53 
2-55 

2.53 
2.53 
2.53 
2-53 
2-53 
2-53 
2-53 
2.52 

2-53 
2.52 

2-53 
2.52 
2.52 
2.53 
2.52 
2.52 
2.50 
2.52 
2.52 
2.50 


Cos. 


D.  1' 


890503 
890400 
890298 
890195 
890093 
889990 


8897S5 
889682 
8S9579 

889477 
889374 
889271 


888755 
8SS651 


888444 
888341 
8S8237 
888134 
88S030 
8S7926 
887822 
8S7718 
8S7614 
8S7510 

887406 
887302 
8S7198 
887093 
886989 
886885 
886780 


76 

886571 


886362 
886257 
886152 
886047 
885942 
885837 
885732 
885627 
885522 
885416 

88531 1 

885205 

35100 


884783 
884677 
884572 


D.  1' 


884360 
884254 

Sin. 


72 
70 
72 
70 
72 
70 
7-' 
72 
72 
70 

72 

72 
72 
73 

72 

72 
72 
73 
7-2 
73 

72 

73 
72 
73 
73 
73 
73 
73 
73 
73 

73 

73 
75 
73 
73 
75 
73 
75 
75 
73 

75 
75 
75 
75 
75 
75 
75 
75 
77 
75 

77 
75 

77 

75 
77 
77 
75 
77 
77 
77 


D.  1". 


Tan. 


D.  1' 


9. 908369 


909144 
909402 
909660 
909918 
910177 

9^435 
910693 

910951 
91 1209 
91 1467 

9H725 
9119S2 
912240 
91249S 
912756 
913014 
9!327i 

9r3529 
9*3787 
914044 
914302 
914560 
914817 
915075 
915332 
915590 
915847 
916104 
916362 
916619 
916877 

9*7134 
917391 
917648 
917906 
918163 
918420 

918677 
918934 
919191 
919448 
919705 
919962 
920219 
920476 

920733 
920990 

921247 

921503 
921760 
922017 
922274 
922530 
922787 
923044 
923300 

923557 
923814 

Cot. 


4-32 


4-30 

4.30 

4-30 
4-3o 
4.28 
4.30 
4.30 
4.30 
4.30 
4.28 
4.30 

4.3o 
4.28 
4.30 
4.3o 
4.28 
4-30 
4.28 
4.30 
4.28 
4.28 

4.30 
4.28 
4.30 
4.28 
4.2S 
4.28 
4-30 
4.28 
4.28 
4.28 

4.28 

4.  28 

4.28 

4.2S 


4.27 

4.28 
4.2S 
4.28 
4.27 
4.28 
4.28 
4.27 
4.28 
4.23 

D.  1". 


Cot. 


0.09 163 1 
.091372 
.091114 
. 090856 
.090598 

o. 090340 
.090082 
.089823 
. 089565 
.089307 

o. 089049 
.088791 

.088533 

.0S8275 
.088018 

o. 087760 
.087502 
. 087244 
.086986 

. 086729 

0.086471 
.086213 
. 085956 
.0S5698 
.085440 

0.085183 

.084925 
.084668 
.084410 

.084153 

o. 083896 

.083638 
.083381 
.083123 
.082866 

0.082609 

.0S2352 

.0S2094 

.081837 
.081580 

0.081323 

.081066 
.OS0809 

.0S0552 

.0S0295 
o. 0S003S 

.079781 
.079524 

.079267 
.079010 

0.078753 
.078497 

.078240 

.077983 

.077726 

0.077470 

.077213 

. 076956 
.  076700 

.076443 

0.076186 
Tan. 


M. 


I29c 


5<>< 
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40c 


139 


M. 


10 
11 
12 
13 

15 
16 

17 
18 

19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 

31 
32 
33 
34 
35 
36 

3l 
38 

39 
40 
4i 
42 
43 
44 
45 
46 

47 
48 

49 

50 
5i 
52 
53 
54 
55 
56 
57 
58 
59 
60 


130' 


Sin. 


D.  i". 


Cos. 


808067 
808218 


808519 


808819 


S09119 
809269 
S09419 

809569 

S0971S 

80986S, 

S10017 

810167 

810316 

0465 

0614 

0763 

0912 

1061 
1210 
1358 
1507 
1655 
1804 
1952 
2100 
2248 
2396 

2544 
2692 
2840 
2988 
3135 
3283 
3430 
3578 
3725 
3872 

4019 

4166 

4313 
4460 
4607 

4753 
4900 
5046 
5193 
5339 

5485 
5632 
5778 
5924 
6069 
6215 
6361 

6507 
6652 
6798 
6943 


Cos. 


2.52 
2.50 
2.52 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

2.48 
2.50 
2.48 
2.50 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 

2.48 

2.47 
2.48 

2.47 
2.48 

2.47 
2.47 
2.47 
2.47 
2.47 

2.47 

2.47 
2.47 

2.45 
2.47 
2.45 
2.47 
2-45 
2.45 
2.45 

2.45 
2.45 
2.45 
2-45 
2-43 
2.45 
2.43 
2.45 
2.43 
2.43 

2.45 
2.43 
2.43 
2.42 

2.43 
2.43 
2.43 
2.42 

2.43 
2.42 


D.  I 


n 


9.  884254 
.884148 
.884042 
.883936 
.883829 

9-883723 
.883617 
.S83510 
.883404 
.8S3297 

9.883191 
.8830S4 
.882977 
.882871 
.882764 

9. S82657 
.882550 
.882443 
.882336 
.882229 

9. 8S2121 
.8S2014 
.8S1907 
.881799 
.88 1692 

9.881584 
.881477 
.88 1 369 
.SS1261 
.881153 

9. 88 1046 
. S30938 
.880830 
.P80722 
.880613 

9. SS0505 
.8S0397 
. SS0289 
.880180 
.SS0072 

9.  S79963 

.S79855 
.S79746 
.879637 
.879529 
9-s79420 
.879311 
. 879202 
.879093 


9.878875 
.878766 
.S78656 

.878547 
.S78438 

9.878328 
.878219 
.S78109 
.877999 
. 877S90 

9. 877780 

Sin. 


D.  1".  !  Tan. 


77 
77 
77 
7^ 
77 
77 
73 
77 
78 
77 

78 

75 
77 
75 
78 
73 
73 
78 
73 
5o 

78 

73 
So 
78 
80 
73 
So 
So 
80 
78 

80 

So 
So 
82 
So 
80 
So 
82 
80 
82 

80 

S2 


82 
82 
82 
82- 
82 
82 

82 

83 
82 
82 

83 
82 

83 

^3 
82 

83 


D.  i". 


923814 
924070 
924327 

924583 
924840 
925096 
925352 
925609 
925865 
926122 

926378 
926634 
926890 
927147 
927403 
927659 
927915 
928171 
928427 
928684 

928940 
929196 
929452 
929708 
929964 
930220 
930475 
930731 
930987 
931243 

931499 
931755 
932010 
932266 
932522 
932778 
933033 
933289 
933545 
933800 

934056 
9343" 
934567 
934822 

935078 
935333 
935589 
935844 
936100 

936355 
93661 1 
936866 
937121 
937377 
937632 
937887 
938142 
938398 
938653 
938908 
939i63 

Cot. 


D.  l". 


4-27 
4.28 
4.27 
4.28 
4.27 
4.27 
4.28 
4.27 
4.28 
4.27 

4.27 
4.27 
4.28 

4.27 
4.27 


4.27 
4.27 
4.27 
4.27 
4.27 
4.25 
4.27 
4.27 
4.27 
4.27 
4.27 
4.25 
4.27 
4.27 
4.27 

4-25 
4.27 
4.27 
4-25 
4.27 

4.25 
4.27 

4.25 
4.27 

4.25 
4.27 

4.25 
4.27 

4.25 
4.27 

4-25 
4.25 
4.27 
4.25 
4.25 
4-25 
4.27 
4.25 
4-25 
4.25 

D.  1". 


Cot. 


0.076186 
.075930 
.075673 
.075417 
.075160 

o. 074904 
. 074648 
.074391 
•074135 
.073878 

0.073622 
.073366 
.073110 
.072853 
.072597 

0.072341 
. 072085 
.071829 

.071573 
.071316 

0.071060 
.070804 
.070548 
. 070292 
. 070036 

o. 069780 

.069525 

. 069269 
.069013 

.068757 

o. 068501 
. 068245 
.067990 

.067734 

. 067478 
o. 067222 
.066967 
.066711 
.066455 
.066200 

0.065944 

. 065689 

.065433 
.065178 

.064922 
o. 064667 
.064411 
.064156 
.063900 

.063645 

0.063389 
.063134 

.062879 

.062623 

.062368 

0.0621 13 

.061858 

.061602 

.061347 

.061092 
o.  060837 

Tan. 


94l 


i6r>4 


GENERAL  TABLES 


4i" 


1380 


M.    Sin.    D.  1 


o 
1 
2 

3 
4 
5 
6 

7 
8 

9 

10 
11 
12 
13 
14 
15 
16 

17 
i3 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
^9 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4i 
42 
43 
44 
45 
46 
47 
48 

49 
50 
5i 
52 
53 
54 
55 
56 
57 
58 
59 
60 


I3t' 


9.816943 
.817088 
.817233 
.817379 
.817524 

9.817668 

.817813 
.817958 
.818103 
.818247 

9.818392 
.818536 
.818681 
.818825 
.818969 

9.819113 
.819257 
.819401 

.819545 
.8196S9 

9. 819832 
.819976 
.820120 
.820263 
. 820406 

9. 820550 
. 820693 
. 820836 
. 820979 
.821122 

9.821265 
.821407 
.821550 
.821693 
.821835 

9-821977 
.822120 
. 822262 
.822404 
. 822546 

9. 8226S8 
. 822830 
.822972 
.823114 
.823255 

9-823397 
•823539 
.823680 
.823821 
•  823963 

9. 824104 
.824245 
. 8243S6 
. 824527 
. 824668 

9. 824808 

. 824949 
.  825090 
. 825230 
.825371 
9-825511 

Cos. 


2.42 
2.42 

2.43 
2.42 
2.40 
2.42 
2.42 
2.42 
2.40 
2.42 

2.40 
2.42 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.3S 

2.40 
2.40 
2.38 
2.38 
2.40 
2.38 
2.38 
2.38 
2.38 
2.38 

2-37 
2.38 
2.38 
2.37 
2.37 
2.38 
2-37 
2-37 
2-37 
2-37 

2-37 
2-37 
2-37 
2.35 
2-37 
2.37 
2-35 
2-35 
2.37 
2.35 

2.35 
2-35 
2-35 
2-35 
2-33 
2-35 
2-35 
2-33 
2-35 
2.33 

U.  1". 


Cos. 


D.  1' 


9.877780 
.  877670 
.  877560 
.877450 
.877340 

9. 877230 
.877120 
.877010 


.8767S9 

9. 876678 
.876568 
.876457 
.876347 
. 876236 

9.876125 
.876014 
.875904 

.875793 
. 8756S2 

9.875571 
.875459 
.875348 
.875237 
.875126 

9.875014 
.874903 
.874791 
. 8746S0 
.874568 

9.874456 

.874344 
.874232 
.874121 
. 874009 
9.873S96 
.8737S4 
.873672 
.873560 
.873448 

9.873335 
.873223 
.873110 
. 872998 
. 8728S5 

9.872772 
.872659 

.872547 
.872434 
.872321 

9. 872208 
.872095 
.8719S1 
.871868 

.871755 
9. 87 164 1 
.871528 
.871414 
.871301 
.871187 
9.871073 

Sin. 


S3 
^3 
^3 
83 
83 
83 
«3 
^5 
S3 
^5 

83 

^5 
^3 


.85 
.83 
.85 
.85 
■  85 
.87 
.85 
.85 
.85 
.87 
.85 
.87 
.85 
.87 
£7 

87 
87 
£5 

£7 
IS 

87 
87 
87 
87 
88 

87 

88 

87 
88 
88 
88 

87 
88 
88 

S8 

88 
90 
88 
88 
90 
88 
90 
88 

90 
90 


D.  I' 


Tan. 


9-939i63 
.939418 

.939673 
.939928 
.940183 
9. 940439 
.940694 
.940949 
.941204 
.941459 

9-94I7I3 
.941968 
.942223 
.942478 
.942733 

9. 942988 

.943243- 
.943498 
•  943752 
.944007 

9.944262 
•944517 
.944771 
. 945026 
.945281 

9.945535 
.945790 
.946045 
.946299 
■946554 

9. 946S08 
.947063 
.947318 
.947572 
.947827 

9.9480S1 

.948335 
.948590 
.948844 

.949099 
9-949353 


D.  1' 


Cot. 


. 949862 
.950116 

.950371 
9-950625 

.950879 
.95"33 
.95I3SS 
.951642 

9.951896 
•952150 
•952405 
.952659 
•952913 

9-953I67 
•953421 
.953675 
•953929 
•954183 

9- 954437 

Cot. 


4-25 
4-25 
4.25 


4-25 
4.25 
4.23 

4.25 

4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.23 
4.25 
4.25 

4.25 
4-23 
4.25 
4.25 
4.23 
4.25 
4.25 
4.23 
4-25 
4.23 

4.25 
4.25 
4.23 
4.25 
4.23 
4-23 
4.25 
4.23 
4.25 
4-23 

4.25 
4.23 
4.23 
4.25 
4.23 
4.23 
4.23 
4.25 
4-23 
4-23 

4-23 
4.25 
4.23 
4.23 
4-23 
4.23 
4.23 
4.23 
4.23 
4-23 

D.  1". 


0.060837 
.060582 
.060327 
.060072 
.059817 

o. 059561 
.059306 

.059051 
.058796 
.058541 

o.  058287 

.058032 
.057777 
.057522 

. 057267 
0.057012 

.056757 
.056502 
. 056248 

.055993 

0.055738 

.055483 
. 055229 

.054974 
.054719 
0.054465 
.054210 
.053955 

.053701 

.053446 

0.053192 
.052937 

. 052682 
. 052428 

.052173 
0.051919 
.051665 
.051410 
.051156 

. 050901 
o. 050647 

. 050392 
.05013s 
.049SS4 
. 049629 

0.049375 

.049121 
. 04S867 
.048612 

. 048358 

o.  04S104 

.047850 

.047595 
.047341 

. 0470S7 
o. 046833 

.046579 

.046325 
.046071 

.045817 

o.  045563 
Tan. 


48c 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1695 
*2°  137 


Sin. 


9.S25511 
.825651 
.825791 
.825931 
.826071 

9.826211 
.826351 
.826491 
.826631 
. 82677Q 

9. 826910 
.827049 
.827189 
.827328 
. 827467 

9. 827606 
.827745 
.827884 
.828023 
.828162 

9. 828301 
. 828439 
.828578 
.828716 
. 828855 

9.828993 
.829131 
. 829269 
. 829407 
•S29545 

9. 829683 
.829821 
.829959 
.  830097 
. 830234 

9. 830372 
•  830509 
.  830646 
. 830784 
. 830921 

9.831058 

•831195 
.831332 
.831469 
.831606 
9.831742 
.831S79 
.832015 
.832152 
.832288 

9.832425 
.832561 
.  832697 

.832833 
. 832969 

9- 833105 
.833241 
.833377 
•833512 
.833648 

9-  8337S3 

Cos. 


D.  i' 


2.33 
2.33 
2.33 
2-33 
2-33 
2.33 
2.33 
2-33 
2.32 

2-33 
2.32 
2.33 
2.3* 
2.32 
2.32 
2.32 
2.32 
2.32 
2.32 
2.32 

2.30 

2.32 
2.30 
2.32 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

2.30 
2.30 
2.30 
2.28 
2.30 
2.28 
2.28 
2.30 
2.28 
2.28 

2.28 
2.28 
2.28 
2.28 
2.27 
2.28 
2.27 
2.28 
2.27 
2.28 

2.27 
2.27 
2.27 
2.27 
2.27 
2.27 
2.27 
2.25 
2.27 
2.25 

D.  I". 


Cos. 


9.871073 
. 870960 
.870846 
.S70732 
.87061S 

9.870504 
.870390 
.S70276 
.870161 
.870047 

9.869933 
.869818 
,869704 


.869474 
9. 869360 
.869245 
.869130 
.869015 
.868900 

9.868785 
. 868670 
.868555 


. 868324 


D.  i' 


Tan. 


.868093 
. 867978 


.867747 

9. 867631 

.867515 
.867399 
.867283 
.867167 
9.867051 
. 866935 
.866819 
.866703 
.866586 

9. 866470 
.866353 
. 866237 
.866120 
. 866004 

9.865887 
.865770 
.865653 
.865536 
.865419 

9.865302 
.8651S5 
.865068 
. 864950 
.864833 

9.864716 
.864598 
.864481 
.864363 
.864245 

9.  864127 

Sin. 


1.88 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.92 
1.90 
1.90 

1.92 


90 
92 
92 
90 
92 
92 
92 
1.92 
1.92 

1.92 
1.92 
1.92 

i-93 
1.92 

*-93 
1.92 

1-93 
1.92 

J-93 

1-93 

1-93 
1-93 
1-93 
1-93 
1-93 
1-93 
1-93 
1-95 
1-93 

1-95 

1-93 

1-95 

1-93 

1-95 

1-95 

1-95 

i-95 

1-95 

i-95 

1 

1 

1 

1 

1 

1 


95 

95 

97 

95 

95 

97 

1-95 

1.97 

1.97 

1.97 


D.i' 


9-  954437 
.954691 
.954946 
.955200 

•955454 
9-95570S 
.955961 
.956215 
.956469 
.956723 

9-956977 
•957231 
.957485 
•957739 
•957993 

9-958247 
.958500 

•958754 
.959008 
.959262 

9-959516 

.959769 
. 960023 
. 960277 
•  960530 
9. 960784 
.961038 
.961292 

.961545 
.961799 

9.962052 

. 962306 
. 962560 
.962813 
. 963067 
9. 963320 

.963574 
. 963828 
.964081 
.964335 

9. 9645S8 
.964842 
.965095 
.965349 
. 965602 

9-965855 
.966109 
. 966362 
.966616 
.966S69 

9.967123 
.967376 
. 967629 
.967SS3 
.968136 

9. 968389 
.96S643 


D.  i' 


.969149 

. 969403 

9. 969656 

Cot. 


Cot. 


4-23 
4.25 
4.23 
4.23 
4.23 
4.22 

4-23 
4-23 
4-23 
4.23 

4-23 
4-23 
4.23 
4-23 
4-23 
4.22 

4-23 
4-23 
4-23 
4-23 

4.22 
4.23 
4-23 
4.22 

4.23 
4.23 

4-23 
4.22 
4-23 
4.22 

4-23 
4.23 
4.22 
4.23 
4.22 
4.23 
4.23 
4.22 

4-23 
4.22 

4-23 
4.22 

4.23 
4.22 

4.22 

4-23 
4.22 

4-23 
4.22 

4-23 
4.22 
4.22 

4.23 
4.22 
4.22 

4.23 
4.22 
4.22 

4-23 
4.22 

D.  1". 


0.045563 
.045309 
.045054 
. 044800 
.044546 

o. 044292 
.044039 
.0437S5 
.043531 
.043277 

0.043023 
. 042769 

.042515 
.042261 
.042007 
0.041753 
.041500 
.041246 
. 040992 
.040738 

0.040484 
.040231 
.039977 
.039723 
.039470 

0.039216 
.038962 
.038708 

.038455 
.038201 

0.037948 
.037694 
.037440 
.037187 

.036933 

o.  036680 

.036426 

.036172 

.035919 
.035665 

o.  035412 

.035158 
.034905 
.034651 

.034398 

0.034145 

.033891 

.033638 

.033384 
.033131 

0.032877 
.032624 
.032371 
.032117 
.031864 

0.031611 

.031357 
.031104 

.030851 

•030597 

o.  030344 
Tan. 


47c 


1696 
43° 


GENERAL  TABLES 


13 


M.   Sin.    D.  1 


0 
1 
a 
3 
4 
5 
6 

7 
8 

9 

10 
ii 
12 
13 
14 
15 
16 

17 
18 

19 
20 
21 
22 

33 
24 

25 
26 
27 
28 
29 

30 
3i 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
45 

47 
48 

49 
50 
5i 

52 
53 

54 
55 
56 
57 

58 

59 
60 


9.833783 
.8339J9 
.834054 
.8341S9 

.834325 
9.834460 

.834595 
.834730 
.834865 
.834999 

9.835134 
.835269 

.835403 
.83553S 
.835672 
9-835807 
.835941 
.836075 
. 836209 
.836343 

9.836477 
.836611 

.836745 

.836878 

.837012 

9.837146 

.837279 
.837412 

.837546 

.837679 

9.837812 

.837945 
.838078 
.838211 
.838344 
9.838477 
.838610 
.838742 

.838875 
.839007 

9.839140 
.839272 
.839404 
.839536 
. 839668 

9. 839800 
.839932 
. 840064 
.840196 


9.840459 
.840591 
.840722 
.840854 
.840985 

9. 841 1 16 
.841247 
.841378 
.841509 
.841640 

9.841771 

Cos. 


27 
25 
25 
27 

25 
25 
2.25 
2.25 
2.23 
2.25 

2.25 
2.23 
2.25 
2.23 
2.25 
2.23 
2.23 
2.23 
2.23 
2.23 

2.23 
2.23 
2.22 
2.23 
2.23 
2.22 
2.22 
2.23 
2.22 
2.22 

2.  22 
2.22 
2.  22 
2.22 
2.22 
2.22 
2.20 
2.  22 
2.20 
2.22 

2.20 

2.  20 
2.  20 
2.20 
2.20 
2.  20 
2.20 
2.20 
2.20 
2.18 

2.20 
2.18 
2.20 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 


D.  1' 


Cos. 


9.864127 
.864010 
.863892 
.863774 
.863656 

9.863538 
.863419 
.863301 
.863183 
.863064 

9. 862946 
.862827 
. 862709 
. 862590 
.862471 

9-862353 
.862234 
.862115 
.861996 
.861877 

9.861758 
.861638 
.861519 
.861400 
.8612S0 

9. 861161 
.861041 
.860922 
.860802 
.860682 

9. 860562 
. 860442 
. 860322 
.860202 
.8600S2 

9.859962 
.859842 
.859721 
. 859601 
.859480 

9.859360 

.859239 
.859119 
.85899S 
.858877 
9.858756 
.858635 
.858514 
.858393 


9-858151 
.85S029 
.857908 
.8577S6 
.857665 

9-857543 
.857422 
.857300 
.857178 
.857056 

9. 856934 

Sin. 


D.  1' 


1-95 
1.97 
1.97 
1.97 
1.97 
1.98 
1.97 
1.97 
1.98 
1.97 

1.98 

1.97 
1.98 
1.98 

1.97 
1.98 
1.98 
1.98 
1.98 
1.98 

2.00. 
1.98 
1.98 
2.00 
1.98 
2.00 
1.98 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.02 
2.00 
2.02 
2.00 

2.02 
2.00 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 

2.03 
2.02 
2.03 
2.02 
2.03 
2.02 
2.03 
2.03 
2.03 
2.03 

D.  1" 


Tan. 


D.  l' 


Cot. 


9.969656 
.969909 
.970162 
.970416 
. 970669 

9.970922 

.971175 
.971429 
.971682 
.971935 

9.972188 
.972441 
.972695 
.972948 
.973201 

9-973454 
.973707 
.973960 

.974213 
.974466 

9.974720 

•974973 
.975226 

•975479 
.975732 

9-9759S5 
.976238 
.976491 
.976744 
.976997 

9. 977250 
.977503 
.977756 
. 978009 
.978262 

9.9785I5 
. 97876S 
.979021 
.979274 
.979527 

9.979780 
. 980033 


.980538 
•980791 
9. 981044 
.98 1 297 
.981550 
.981803 
. 982056 

9. 982309 
.9S2562 
.982814 
.983067 
.9S3320 

9-9s3573 
. 9S3S26 
.984079 
.9S4332 
.984584 

9. 984837 

Cot. 


4.22 
4.22 

4.23 
4.22 
4.22 
4.22 


4.22 

4-23 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.23 

4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 

4.20 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.20 
4.22 

D.  I". 


0.030344 
. 030091 
.029838 
.029584 
.029331 

o. 029078 
.028825 
.028571 
.028318 
.028065 

0.027812 
.027559 
.027305 
.027052 
. 026799 

o. 026546 
.026293 
. 026040 

.025787 
.025534 

o. 025280 
. 025027 

.024774 

.024521 

.024268 

0.024015 

.023762 

.023509 
.023256 
.023003 

o. 022750 
.022497 
1,022244 
.021991 

.021738 

0.021485 
.021232 
.020979 
.020726 

.020473 

o. 020220 
.019967 
.019714 
.019462 
.019209 

0.018956 

.018703 

.OIS450 

1  .018197 

:  .017944 

0.017691 
.017438 
.0171S6 
.016933 
.016680 

0.016427 
.016174 
.015921 
.015668 
.015416 

0.015163 

Tan. 


x33 


TABLE  OF  LOGARITHMIC  SINES— COSINES,  ETC.     1697 
H4  i35c 


M.    Sin. 


o 
1 
2 
3 
4 
5 
6 

7 
8 

9 
10 
II 
12 
13 
14 
15 
16 

17 
18 

19 


9. 841771 
.841902 
. 842033 
.842163 
.  842294 

9.842424 

.842555 
.  842685 
.842815 
. 842946 

9. 843076 
. 843206 
•843336 
. 843466 

•  843595 
9-843725 

.843855 
.843984 
.844114 
.844243 

9. 844372 
. 844502 
.844631 
. 844760 
. 844889 

9.845018 
.845147 
. 845276 
•845405 
•845533 

9. 845662 
.845790 

•  845919 
. 846047 
.846175 

9. 846304 
. 846432 
.  846560 


.846816 

9. 846944 
.847071 
.847199 
.847327 

•  847454 
9.847582 

.847709 
.847836 

•  847964 


9. 848218 

.848345 
.  848472 


. 848726 
9.848852 


. 849106 
.849232 

•849359 
9. 849485 

Cos. 


D.  1". 


2.18 
a.  18 
2.17 
2.18 
2. 17 
2.18 
2.17 
2.17 
2.18 
2. 17 

2. 17 
2.17 

2.17 

2.15 
2. 17 
2.17 
2.15 
2. 17 
2.15 
2-15 
2. 17 
2.15 
2.15 
2.15 
2.15 

2.15 
2.15 
2.15 
2.13 
2.15 

2.13 

2.15 
2.13 

2.13 
2.15 
2.13 
2. 13 
2.13 
2.13 
2-13 
2. 12 
2.13 
2.13 
2. 12 
2.13 
2. 12 
2. 12 
2.13 
2. 12 
2. 12 

2. 12 
2. 12 
2. 12 
2. 12 
2. 10 
2. 12 
2. 12 
2. 10 
2. 12 
2. 10 

D.  1". 


Cos. 


9-856934 
.856S12 
. 856690 
.856568 
. 856446 

9.856323 
.856201 
. 856078 
.855956 
.855833 

9- 85571 1 

.855588 

•855465 
,.855342 
.855219 
9.855096 
•854973 
.854850 
.854727 
.854603 

9. 854480 
•854356 
•854233 
.854109 
.853986 

9.853862 
.853738 
.853614 

.853490 
.853366 

9. 853242 
.853118 
.852994 
. 852869 

.852745 

9. 852620 

. 852496 

•852371 
.852247 
.852122 

9.851997 

.851872 

.851747 
.851622 
.851497 
9-851372 
.851246 
.851121 
. 850996 
. 850870 

9.850745 
.850619 

.850493 

.850368 

.850242 

9.850116 


.849738 

.849611 

9. 849485 

Sin. 


D.  1". 


2.03 
2.03 
2.03 
2.03 
2.05 
2.03 
2.05 
2.03 
2.05 
2.03 

2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.07 
2.05 

2.07 
2.05 
2.07 
2.05 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 

2.07 
2.07 
2.08 
2.07 
2.08 
2.07 
2.08 
2.07 
2.08 
2.08 


2.08 
2.08 
2.08 
2.08 
2. 10 
2.08 
2.08 
2. 10 
2.08 

2. 10 
2.10 
2.08 
2.10 
2. 10 
2. 10 
2.  IO 
2.IO 
2. 12 
2.IO 


D.  1' 


Tan.    D.  1". 


9. 984837 
. 9S5090 
•985343 
.985596 
.985848 

9. 986101 

.986354 
. 9S6607 
.  986860 
.987112 

9.987365 
.987618 

.987871 
.988123 
.988376 
9. 98S629 
.988882 
.989134 
.989387 


,990145 


•  990651 
.990903 

9-99II56 
.991409 
.991662 
.991914 
.992167 

9. 992420 
. 992672 
.992925 
.993178 
•993431 

9- 993683 
•993936 
.994189 
.994441 
.994694 

9-994947 
.995199 
.995452 
.995705 
•995957 

9.996210 

.996463 
.996715 


. 997221 

9-997473 
.997726 

•997979 
.998231 


9- 998737 


.999242 

•  999495 

•  999747 
).  000000 

Cot. 


4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.20 
4.22 

4.22 
4.22 
4.20 
4. 22 
4. 22 
4. 22 
4.20 
4. 22 
4.22 
4.22 

4. 20 
4.22 
4.22 
4.20 
4. 22 
4.  22 
4. 22 
4. 20 
4.22 
4.22 

4.20 
4. 22 
4. 22 
4. 22 
4.20 
4.22 
4.22 
4.20 
4. 22 
4.22 

4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4. 20 
4. 22 
4.22 
4.20 

4.22 
4. 22 
4.20 
4.22 
4. 22 
4.  20 
4. 22 
4.22 
4.  20 
4.  22 

D.  1". 


Cot. 


0.015163 
.014910 
.014657 
. 014404 
.014152 

0.013899 
.013646 

.OI3393 
.013140 
.012888 

0.012635 
.012382 
.012129 
.011877 
.011624 

0.011371 
.011118 
.010866 
.010613 
.010360 

o. 010107 
.009855 
. 009602 
.009349 
.009097 

o. 008844 
.008591 
. 008338 
.008086 
.007833 

o. 007580 
.007328 
. 007075 
.006822 
. 006569 

0.006317 
. 006064 
.005811 

•005559 
.005306 

0.005053 

.004801 

.004548 

. 004295 

.004043 

o. 003790 

.003537 

.003285 

.003032 

.002779 

0.002527 
.002274 
.002021 
.001769 
.001516 

0.001263 
.OOIOII 
. 000758 

. 000505 
. 000253 

o. 000000 
Tan. 


45' 


APPENDIX  A 

FIRST  AID  IN  CASE  OF  ACCIDENT 

All  the  data  on  First  Aid  are  quoted  from  Bull,  of  the  U.  S. 
Health  Service,  by  the  courtesy  of  the  Department,  which  was  glad 
to  cooperate  to  make  the  data  available  for  emergencies. 

Condensed   Index 

Page 

Bruises ' 1699 

Sprains 1699 

Foreign  Matter  in  Eyes,  Ears,  etc 1699 

Snake  Bites 1701 

Bleeding 1702 

Burns  and  Scalds 1708 

Wounds 17 10 

Drowning I7I3 

Electric  Shock i/io 

Poisons 1718 

U.  S.  HEALTH  SERVICE  BULL.  17 

By  Surgeon  R.  M.  Woodward 

Rules  to  Be  Observed  in  Time  of  Accident 

"  1.   Give  the  patient  air. 

"2.  Lay  the  patient  down,  head  lower  than  the  body. 

"3.   Rip  the  clothes  off  the  injured  part. 

"4.  In  removing  a  coat  or  shirt,  first  release  the  good  arm,  then  the  injured 
one. 

"5.  Turn  the  head  to  one  side  to  allow  vomited  matters  to  escape  from 
the  mouth. 

"6.  Do  not  give  whisky  to  the  patient.  If  he  can  swallow,  and  needs  a 
stimulant,  give  coffee,  tea,  hot  milk,  or  hot  water. 

"7.  Then  follow  directions  given  elsewhere  in  this  book. 

A  List  of  Dont's 

"Don't  fail  to  send  for  the  doctor.      He  knows  best. 

"Don't  leave  the  patient  in  order  to  go  for  the  doctor  if  there  is  anyone 
you  can  send.      He  may  need  your  moral  encouragement  if  nothing  more. 

"Don't  get  excited.  An  appearance  of  agitation  on  your  part  will  dis- 
courage the  patient. 

"  Don't  hold  an  injured  person  on  his  feet,  nor  require  him  to  sit  in  a  chair. 
He  will  be  better  off  and  less  apt  to  faint  if  he  lies  down,  preferably  with  the 
head  low. 

"If  you  have  a  first-aid  chest,  and  a  bottle  of  medicine  is  exhausted,  don't 
wait  until  you  need  it  again  before  having  the  bottle  filled. 

"Don't  put  your  fingers  on  a  wound.  They  are  covered  with  germs,  and 
you  will  almost  surely  infect  the  wound. 

"Don't  use  a  spider  web  or  a  quid  of  tobacco  on  a  wound.  They  are 
filthy,  do  no  good,  and  are  very  apt  to  infect  the  wound.  The  same  thing 
is  true  to  a  less  extent  in  regard  to  salves  of  various  kinds. 

"Don't  place  cotton  next  to  a  wound.  Always  keep  at  least  one  layer  oi 
gauze  or  boiled  cloth  between  the  cotton  and  the  raw  surface.  The  cotton 
sticks  to  the  wound  and  is  very  difficult  to  remove. 

"Don't  apply  bandages  too  tightly. 
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"Don't  remove  a  dressing  to  see  how  a  wound  looks.  Let  the  doctor 
do  that. 

"Don't  sit  down  at  the  bedside  and  discuss  with  the  callers  all  of  the 
horrible  accidents  you  ever  heard  of.  Your  conversation  will  not  be  appre- 
ciated by  the  patient. 

Minor  Accidents 

"Bruises,  sprains,  foreign  matter  in  eyes,  ears,  nose,  and  throat. 

Bruises  and  Contusions 

"A  bruise  or  contusion  is  an  injury  where  the  tissues  beneath  the  skin  have 
been  torn  but  the  skin  itself  has  not  been  opened.  Blood  oozes  out  of  the 
injured  vessels,  but  cannot  escape,  as  the  skin  is  still  intact.  The  symptoms 
are  swelling,  tenderness,  and  a  feeling  of  soreness  or  pain.  Discoloration  of 
the  skin  occurs  quickly  in  superficial  contusions  and  in  places  where  loose 
tissue  abounds,  but  only  after  days  when  the  injury  is  deep  seated.  This 
discoloration  is  at  first  red  and  then,  successively,  purple,  black,  green,  and 
yellow.  This  play  of  colors  is  due  to  the  changes  which  take  place  in  the 
blood  while  undergoing  absorption. 

"Treatment. — A  pad  of  gauze  or  soft  towel  should  be  tighly  bandaged 
over  the  injured  part  to  stop  hemorrhage,  after  which  cold  should  be  applied 
except  in  old  or  feeble  persons  or  where  the  contusion  is  extensive.  In 
the  latter  case  heat  is  best,  as  cold  might  cause  gangrene.  Evaporating 
solutions,  such  as  witch  hazel,  a  15  %  solution  of  alcohol  in  water,  or  a  satur- 
ated solution  of  Epsom  salt,  are  often  found  of  great  benefit.  A  contusion 
should  never  be  opened  except  in  rare  cases  when  it  is  necessary  to  stop 
persistent  bleeding.  If  an  opening  is  made  through  the  skin,  germs  are 
liable  to  enter  and  cause  severe  inflammation,  resulting  in  the  formation 
of  pus. 

"Sprains. — A  sprain  is  a  stretching  or  wrenching  of  a  joint.  The  joints 
most  frequently  affected  are  the  ankle,  wrist,  knee,  and  shoulder. 

"The  symptoms  and  signs  are  pain,  swelling,  impairment  or  loss  of  motion, 
and  discoloration  from  effusion  of  blood.  When  there  is  much  swelling 
it  may  be  difficult  to  determine  whether  sprain  or  fracture,  or  both,  are 
present. 

"It  is  sometimes  very  difficult  to  determine  whether  an  injury  near  a 
joint  is  a  sprain,  a  bruise,  a  broken  bone,  or  all  combined;  and  if  there  is 
doubt,  the  case  should  be  treated  as  a  broken  bone.  Injuries  about  the 
ankle  joint  are  especially  confusing,  and  sometimes  the  x-ray  shows  a  fracture 
that  could  not  have  been  detected  in  any  other  way.  It  should  also  be 
understood  that  a  sprain,  particularly  if  some  of  the  soft  parts  about  the 
joint  are  torn,  may  be  much  longer  in  being  restored  to  a  normal  condition 
than  if  a  simple  break  of  the  bone  had  occurred  without  other  injury. 

"Treatment. — Either  hot  or  cold  applications  are  good  first-aid  measures, 
but  they  should  be  distinctly  either  hot  or  cold,  and  not  tepid.  Soaking 
the  part  for  half  an  hour  several  times  a  day  in  water  as  hot  as  can  be  borne, 
and  gently  rubbing  the  skin,  are  excellent.  If  it  is  more  convenient  to 
apply  a  bag  of  ice,  this  can  be  used,  but  the  heat  and  cold  should  not  alter- 
nate. Propping  the  part  up  on  pillows  assists.  If  there  is  much  pain,  great 
relief  is  obtained  by  surrounding  the  joint  with  a  thick  layer  of  cotton  and 
applying  a  plaster  bandage.  The  circulation  of  the  lower  part  of  the  limb 
should  be  watched,  and  if  found  to  be  impaired  the  bandage  should  be  cut 
from  above  downward  and  the  sides  spread  apart  to  relieve  any  constric- 
tion that  may  be  present.  After  the  swelling  has  subsided  somewhat, 
rubbing  with  any  kind  of  liniment  or  with  alcohol  will  help,  but  it  is  the 
rubbing  more  than  the  liniment  that  does  the  good. 

"It  is  popular  belief  among  laymen  that  a  large  quantity  of  liniment, 
perhaps  applied  on  flannel  cloth,  is  all  that  is  necessary,  and  that  the  rub- 
bing is  only  of  secondary  importance.  This  is  a  decided  mistake.  Later 
on  the  part  should  be  grasped  and  gently  moved  in  various  directions, 
making  what  is  known  as  passive  motion.  In  some  cases  this  is  inadvisable 
and  the  patient  appears  to  do  better  with  the  part  at  rest,  which  can  be 
obtained  by  strapping  the  joint  with  strips  of  sticking  plaster  or  placing 
the  limb  in  a  splint.  The  black  and  blue  condition  of  the  skin  that  some- 
times appears  will  gradually  subside  as  the  part  gets  better. 

Foreign  Bodies  in  the  Eye,  Ear,  Nose,  and  Throat 
"Foreign  Bodies  in  the  Eye. — When  a  piece  of  steel,  a  cinder,  or  any 
foreign  body  enters  the  eye,  nature  at  once  floods  the  eye  with  tears  in  an 
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endeavor  to  wash  the  offending  agent  away,  and  frequently  succeeds. 
Sometimes,  however,  the  foreign  body  is  embedded  in  the  eyeball,  the  lid, 
or  other  part  of  the  eye,  or  keeps  moving  about  from  one  part  to  another 
without  escaping;  then  assistance  is  necessary. 

"Occasionally  drawing  the  upper  lid  well  down  with  the  fingers,  and  allow- 
ing the  lashes  of  the  lower  lid  to  act  as  a  brush,  will  remove  the  body  if  it 
is  not  tightly  embedded.  Usually,  however,  it  is  necessary  to  invert  the 
upper  lid;  in  other  words,  turn  it  inside  out.  This  is  not  difficult  with  a 
little  practice.  The  upper  eyelid  contains  a  piece  of  cartilage  or  gristle 
along  its  lower  edge  which  makes  it  easy  to  turn.  To  invert  the  eyelid 
face  the  patient,  or  stand  behind  him  as  seems  more  convenient;  have  him 
look  well  down  toward  the  floor;  take  hold  of  the  lashes  of  the  upper  lid 
with  the  fingers  and  thumb  of  one  hand;  they  lay  entirely  across  the  middle 
of  the  eyelid  a  wooden  toothpick,  match,  knitting  needle,  lead  pencil,  or 
other  thin  object  (Fig.  1);  press  it  downward,  and  at  the  same  time  gently 
pull  the  lashes  upward,  when  the  lid  will  suddenly  turn  inside  out  (Fig.  2). 


Pig.  1. 


Fig.  2. 


Drawing  down  the  lower  lid  by  simply  pressing  upon  it  will  expose  its  inside 
surface.  If  the  foreign  body  is  seen,  it  should  be  very  gently  removed  with 
the  corner  of  a  handkerchief.  If  it  is  partly  embedded  in  the  eyelid,  it  may 
be  possible  to  dislodge  it  gently  with  a  wooden  toothpick  or  other  similar 
object.  If  the  foreign  body  is  on  the  eyeball,  it  sometimes  requires  a  good 
light,  good  eyesight,  and  even  a  magnifying  glass  to  detect  it.  If  found,  it 
should  be  removed  with  a  handkerchief  or  other  soft  material,  but  if  embed- 
ded too  tightly  to  be  removed  in  this  manner,  it  is  best  for  the  layman  not  to 
attempt  anything  further  for  fear  of  greater  injury  to  the  eye.  Under  such 
circumstances  one  or  both  of  the  eyes  should  be  snugly  bandaged  with  soft 
lightproof  material,  such  as  red  flannel  and  the  doctor  should  be  called  as 
soon  as  possible.  The  patient  should  be  cautioned  not  to  wink  his  eyes,  as 
all  motion  will  increase  the  irritation. 

"If  you  have  succeeded  in  removing  the  body,  and  the  eye  appears  very 
red,  a  little  sweet  oil  dropped  in  will  be  very  soothing.  It  should  be  remem- 
bered that  the  scratching  of  the  eyeball  makes  it  feel  as  if  the  body  were  still 
present  after  its  removal.  The  old  household  remedy  of  dropping  a  flaxseed 
into  the  eye  in  the  hope  that  in  slipping  about  it  may  dislodge  the  body  is 
said  by  specialists  to  do  no  good,  and  may  do  harm. 

"Foreign  Bodies  in  the  Ear. — Children  occasionally  place  buttons  or  similar 
objects  in  the  ear.  If  near  the  outlet,  they  can  sometimes  be  removed 
(in  the  absence  of  suitable  instruments)  by  gently  passing  along  one  side  a 
crochet  needle  or  other  similar  implement.  It  should  be  remembered,  how- 
ever, that  the  drum  of  the  ear,  which  is  extremely  delicate,  and  means 
so  much  to  the  child  in  the  future,  is  only  a  short  distance  inside,  and  any 
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effort  of  this  kind  made  by  the  layman  should  be  very  gentle  indeed.  A 
stream  of  water  from  a  small  syringe  may  wash  the  object  out.  If  these 
measures  do  not  succeed,  wait  for  the  doctor  by  all  means.  Sometimes  an 
insect  crawls  into  the  ear.  The  actual  physical  danger  is  less  than  the  mental 
horror,  as  the  insect  soon  dies.  A  little  sweet  oil  dropped  into  the  ear  may 
cause  the  insect  to  back  out  to  free  itself  from  the  unpleasant  predicament; 
if  not  the  oil  will  kill  it. 

"Foreign  Bodies  in  the  Nose. — If  near  enough  to  the  nostril  to  be  seen  the 
body  may  possibly  be  expelled  by  compressing  the  other  nostril  and  having 
the  patient  blow  his  nose  hard.  A  fountain  syringe  placed  1'  above  the 
head,  the  nozzle  of  the  syringe  inserted  in  the  clear  nostril,  and  the  patient's 
face  looking  somewhat  downward  will  cause  the  water  to  flow  gently  in 
at  one  side  of  the  nose  and  out  at  the  other  side,  and  may  dislodge  the 
object.  A  crochet  needle  may  be  gently  tried  as  described  for  the  ear.  All 
these  things  failing,  wait  for  the  doctor. 

"Foreign  Bodies  in  the  Throat. — If  the  body  can  be  seen  by  holding  the 
tongue  down  with  a  spoon  or  by  drawing  the  tongue  out  with  a  towel,  it 
can  sometimes  be  hooked  out  by  means  of  a  finger  passed  well  in.  If  the 
body  is  in  the  windpipe,  this  will  be  manifested  by  violent  coughing,  which 
may  dislodge  it.  Inverting  the  patient  and  slapping  his  back  may  be  tried. 
If  these  measures  do  not  succeed,  then  use  every  effort  to  quiet  the  patient, 
and  if  practicable  send  for  a  physician.  If  the  body  is  in  the  gullet  on  the 
way  to  the  stomach,  vomiting  may  bring  it  up,  and  this  can  be  excited  by 
tickling  the  throat,  or  using  some  of  the  simple  vomiting  agents  mentioned 
in  the  data  on  poisons  (p.  1718)  provided  the  patient  can  swallow.  If  it  is 
not  dislodged,  and  is  known  to  be  an  object  without  sharp  edges,  as  a  coin, 
for  instance,  it  is  best  to  induce  it  to  go  on  into  the  stomach  by  drinking 
water,  eating  bread,  mashed  potatoes,  or  other  soft  food.  Once  in  the 
stomach  the  patient,  usually  a  child,  should  be  made  to  eat  all  the  mashed 
potatoes  he  can  possibly  hold,  and  a  large  dose  of  castor  oil  should  follow. 
The  potatoes  form  a  mass  around  the  foreign  body,  and  the  oil  usually  pushes 
this  mass  through  the  bowels  without  any  trouble  whatever.  The  stools  or 
passages  should  be  carefully  watched  to  determine  that  the  object  passes, 
and  if  it  does  not,  the  doctor  should  be  consulted  without  delay. 

SERIOUS  ACCIDENTS— FIRST  AID 
Bites  and  Stings  of  Poisonous  Animals  or  Insects 

"Snake  Bites. — (Do  not  give  alcohol  or  ammonia.)  Poisonous  snake  bites 
must  receive  instant  treatment.  Fasten  a  bandage  or  handkerchief  above 
the  wound  and  twist  it  tight  to  prevent  the  flow  of  blood  toward  the  body 
and  heart.  Cut  the  wounded  flesh  out  so  that  it  bleeds  freely.  If  there  is 
anyone  with  you  get  him  to  suck  the  wound  immediately:  thoroughly  and 
repeatedly  spitting  out  the  blood  and  washing  his  mouth  with  water  to 
eliminate  all  danger  to  him.  A  concentrated  solution  of  potassium  per- 
manganate should  then  be  poured  into  the  wound  or  better  injected  around 
and  above  the  wound,  using  the  full  charge  held  by  an  ordinary  hypodermic 
syringe.  When  working  in  a  snake  country  a  small  pocket  case  containing 
a  sharp  clean  lancet,  hypodermic  syringe,  and  a  bottle  of  potassium  per- 
manganate should  always  be  carried.  The  tight  bandage  cutting  off  the 
flow  of  blood  must  be  loosened  within  10  min.  of  its  application  to  permit 
some  circulation,  as  a  long-continued  stoppage  of  blood  causes  gangrene. 
Even  when  the  blood  is  allowed  to  circulate  freely  at  intervals  of  10  to  15 
minutes  the  tight  bandage  should  be  removed  entirely  within  a  couple  of 
hours.  There  is  great  danger  in  its  prolonged  use.  Snake  bites  treated 
promptly  in  this  way  are  rarely  fatal,  although  they  may  make  the  victim 
very  sick.  The  patient's  vitality  should  be  prompted  by  hot  blankets, 
water  bottles,  etc. 

"Wilson's  "Topographic  Surveying"  states  that  in  addition  to  this  treat- 
ment the  only  sure  cure,  particularly  for  the  more  dangerous  tropical  snakes, 
is  the  hypodermic  injection  of  Antivenene  serum.  The  injection  is  made 
in  the  cellular  tissue  of  the  right  or  left  side  of  the  abdomen.  Treatment 
should  be  immediate  for  best  results,  although  it  may  be  successful  after 
as  much  as  3  or  4  hr.  If  there  is  time  the  skin  should  be  carefully  cleansed 
before  using  the  syringe,  the  needle  of  which  should  be  inserted  deeply 
closely  compressed  with  the  fingers  for  a  couple  of  minutes  and  then  hastily 
withdrawn. 

"Antivenene  serum  can  be  obtained  from  Les  Establissements  Poulenc 
Freres,  92  Rue  Vieille-du- Temple,   Paris.      The  serum  will  keep  for  years. 
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Dose  10  cc.  (contents  of  one  flask),  or  for  large  snakes,  as  the  cobra,  20  cc.  or 
two  full  doses  at  once. 

"Bite  of  Dog  or  Cat.— This  is  usually  a  punctured  wound;  that  is,  the 
teeth  enter  without  tearing  the  flesh,  and  the  wound  almost  entirely  closes, 
thereby  preventing  drainage  and  increasing  the  danger.  Sucking  the  wound 
hard  repeatedly  and  washing  out  the  mouth  with  hot  water  may  remove 
some  of  the  poison.  Squeezing  is  less  effective.  The  wound  should  then 
be  burned  either  with  carbolic  acid  or  a  red-hot  iron  carried  to  the  bottom, 
and  the  skin  about  the  wound  should  be  scrubbed  with  alcohol  or  other 
antiseptic.  A  drain  of  several  strands  of  boiled  sewing  silk  should  be  pushed 
into  the  bottom  of  the  wound,  and  an  antiseptic  dressing  or  boiled  cloth 
applied  over  the  wound.  The  patient  should  then  be  taken  to  the  nearest 
place  where  the  Pasteur  treatment  to  prevent  hydrophobia  or  rabies  can  be 
secured.  The  hygienic  laboratory  of  the  U.  S.  Public  Health  Service  in 
Washington,  D.  C,  administers  this  treatment  without  cost. 

"If  the  animal  is  known  to  be  mad  this  treatment  is  imperative,  and 
whether  mad  or  not  it  is  a  very  wise  precaution  and  relieves  the  anxiety 
of  the  patient. 

Bleeding  (Hemorrhage) 

"Kinds  of  Blood-vessels. — There  are  two  kinds  of  blood-vessels.  Those 
that  carry  the  blood  from  the  heart  to  all  parts  of  the  body  are  called  arteries. 
The  blood  in  them  is  bright  red,  and  escapes  in  jets  or  spurts  corresponding 
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to  each  beat  of  the  heart.  Bleeding  from  these  is  more  dangerous  and  more 
difficult  to  control,  as  a  rule,  than  bleeding  from  the  vessels  that  return  the 
blood  to  the  heart.  Fortunately,  however,  the  larger  arteries  in  the  limbs 
lie  near  the  bones,  and  are  consequently  well  protected  in  most  parts  by 
the  mass  of  muscles  covering  them.  The  vessels  that  return  the  blood  to 
the  heart  are  called  veins.  They  contain  a  darker  blood  than  the  arteries, 
and  when  cut  the  blood  escapes  in  a  steady  stream,  not  in  spurts.  While 
the  largest  veins  in  the  limbs  are  also  near  the  bones,  there  are  some  of  con- 
siderable size  just  under  the  skin. 

"If  we  should  desire  to  stop  a  stream  of  water  flowing  past  a  given  point, 
we  would  naturally  go  upstream  from  that  point  and  not  downstream  to 
adopt  the  necessary  measures.  When  there  is  bleeding  from  an  artery, 
the  blood  coming  from  the  heart,  the  artery  must  be  compressed  at  a  place 
between  the  heart  and  the  bleeding  point.  On  the  other  hand,  if  a  vein  is 
bleeding,  the  blood  flowing  toward  the  heart  pressure  must_  be  made  on  the 
vein  at  a  place  farther  from  the  heart  than  the  bleeding  point. 

"Bleeding,  General  Treatment. — Before  beginning  the  treatment  of  any 
wound  or  any  bleeding  point,  if  there  is  time,  the  operator  must  carefully 
cleanse    his   hands  and  arms  and  also  the   wound  and  surrounding  parts. 
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The  instruments  and  silk  ligature  should  be  boiled,  as  described  under 
wounds. 

"In  the  aftertreatment  of  severe  bleeding  the  patient  should  be  kept 
perfectly  quiet  in  mind  and  body,  his  head  should  be  lowered  by  raising 
the  foot  end  of  his  bed  or  bunk._  Give 
him  plenty  of  fresh  air,  keep  his  body 
warm,  and  give  him  hot  drinks.  After 
reaction  the  temperature  of  the  body 
may  rise  a  degree  or  two  above  nor- 
mal, but  if  this  should  continue  longer 
than  two  or,  at  most,  three  days,  the 
dressing  should  be  removed  and  the 
wound  thoroughly  irrigated,  first  with 
hot  water,  then  with  a  solution  of 
bichloride  of  mercury  (1  to  5000)  and 
dressed  with  aseptic  gauze. 

"Bleeding  from  Arteries. — There  are 
certain  places  in  the  body  where  the 
arteries  are  not  covered  by  much  mus- 
cle, and  can  be  easily  compressed 
against  bone.  These  places  are,shown 
in  the  illustrations.  The  bleeding 
should  be  controlled  first  by  thumb 
pressure  at  the  points  indicated  in  the 
illustrations,  and  if  the  services  of  a 
doctor  can  be  secured  without  delay, 
this  will  be  all  that  is  necesary  until  he 
arrives.  If  there  is  any  doubt  as  to 
the  exact  place  at  which  pressure 
should  be  made,  a  slight  shifting  of  the 
thumb  from  one  point  to  another  should  be  made  rapidly,  and  when  the 
bleeding  stops  it  indicates  that  the  proper  location  has  been  reached  and 
pressure  should  be  continuous  at  this  point.  If  a  doctor  is  not  within 
reach,  the  bleeding  must,  of  course,  be  controlled  by  some  other  device. 
When  the  bleeding  is  from  one. of  the  limbs,  and  some  distance  from  the 
body,  a  bandage  or  clean  handkerchief  should  be  wrapped  around  the  limb 
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at  the  point  indicated  by  a  cross  in  the  illustrations  (Figs.  5  to  14)  and 
drawn  tight  enough  to  stop  the  bleeding.  The  Spanish  windlass  (Figs. 
3  and  4)  is  made  by  knotting  a  handkerchief  around  the  limb  loosely, 
passing  a  stick  through  the  slack  part,  and  taking  up  the  slack  by  twisting 
the  handkerchief.  To  prevent  untwisting,  the  stick  is  then  bound  to  the 
limb  by  one  or  two  other  bandages  or  handkerchiefs.  A  small  round  stone, 
a  cork,  or  other  similar  object  placed  in  the  folds  of  the  handkerchief  and 
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lying  directly  over  the  vessel  will  assist.  Only  sufficient  pressure  should 
be  made  barely  to  stop  the  bleeding.  The  windlass  must  be  loosened  every 
20  min.  to  give  a  chance  for  the  blood  to  flow  through  the  part,  as  there  is 
great  danger  of  gangrene  (mortification)  if  the  blood  is  entirely  shut  off  for 
longer  than  this  time. 


Fig.  7. 


Fig.  8. 


Fig.  9. 


Fig 


"  The  knot  in  the  windlass  should  not  be  untied,  and  the  stick  should  be  left 
in  position  for  immediate  tightening  if  the  blood  again  begins  to  flow  freely 
If  the  windlass  is  to  be  used  for  several  hours,  it  is  best  to  encircle  the  limb 
with  a  folded  towel  before  applying  it,  as  there. is  less  danger  of  injuring  the 
skin  and  soft  parts.  If  the  bleeding  artery  is  in  or  near  the  body  where ^a 
windlass  cannot  be  applied,  thumb  pressure  must  be  kept  up  until  tne 
doctor  arrive"   one  person  relieving  another.     The  second  person  s  thumb 
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should  gradually  push  the  first  person's  thumb  aside,  and  thus  prevent  a 
spurt  of  blood.  In  exceptional  cases  it  may  be  necessary  to  place  the  thumb 
directly  m  the  wound  to  control  the  bleeding,  but,  no  matter  how  clean  the 
thumb  may  be,  this  should  only  be  resorted  to  in  desperate  cases,  as  there  is 


Fig.  11. 


great  danger  of  infecting  the  wound.     Reference  is  made  in  this  connection 
to  the  section  of  Antiseptics. 

^r'ni^K^T  ^he  servicet  of  a  physician  cannot  be  obtained,  the  wound 
should    be    stretched    open,    the    blood-vessel    located,    seized,    and    drawn 
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gently  forward  with  a  pair  of  artery  forceps,  and  the  ends  tied  with  heavy 
thread  that  has  been  boiled  for  5  min.  If  artery  forceps  cannot  be  obtained, 
take  a  needle  or  a  bent  pin,  pass  it  through  a  flame  several  times,  hook  onto 
the  vessel,  and  draw  it  out;  then  tie  it  tightly  with  the  thread  described 


1.  Point  of  Pressure  on  Carotid  Artery 
for  cut  above 


3.  Tourniquet  on  Brachial  Arterv 


5.  Pad  on  Temporal 
Artery 


2.  Point  of  Pressure  on 
Subclavian  Artery 


4.  Checking  Arterial  Bleeding 
by  Position 


6.  Pad  in  Space  at 
Back  of  Knefc  to 
Prevent  Bleed- 
ing below 


Fig.  12. 


above.  If  a  little  flesh  is  tied  in  the  knot  with  the  artery,  this  will  be  of  no 
consequence.  After  the  artery  has  been  securely  tied  the  '  Spanish  windlass ' 
should  be  removed,  or,  if  thumb  pressure  has  been  employed,  this  should  be 
discontinued.  The  wound  should  then  be  closed  as  described  under  the 
heading  Wounds. 
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"Bleeding  from  Veins. — The  deep  veins,  as  a  rule,  follow  closely  the  course 
of  the  arteries.  If  thumb  pressure  on  the  far  side  (the  side  farthest  from  the 
heart)  of  the  bleeding  point  fails  to  eontrol  the  bleeding,  a  Spanish  windlass 
should  be  applied  on  the  far  side.  If  the  bleeding  vein  is  near  the  surface, 
it  may  be  possible  in  some  cases  to  control  it  by  a  windlass  with  a  stone  or 
cork,  the  windlass  not  being  drawn  tight  enough  to  shut  off  the  deeper 
vessels.  In  some  cases  bleeding  from  veins  is  best  controlled  by  pressure 
directly  over  the  bleeding  point,  but  the  thumb  should  be  covered  by  a  clean 
cloth,  such  as  a  handerkerchief  or  towel.  Elevation  of  the  part  and  removal 
of  all  constricting  bands,  such  as  garters,  will  assist. 

"Where  there  is  simply  an  oozing  of  blood  and  it  does  not  appear  that 
any  vessel  of  size  has  been  severed  the  case  can  frequently  be  controlled  by 
steady  pressure  of  the  bleeding  surface.  Sometimes  cloths  soaked  in  water 
as  near  the  boiling  point  as  can  be  borne  and  constantly  changed  will  accom- 
plish the  result.  If  peroxide  of  hydrogen  is  at  hand,  it  is  one  of  the  best- 
known  agents  to  stop  simple  oozing. 

"Bleeding  from  Head  and  Face. — Reference  to  Fig.  5  will  show  a  point 
in  front  of  the  ear,  compression  upon  which  will  control  bleeding  about  the 


Fig.  13. 


Fig.  14. 


temple.  Another  important  point  for  pressure  is  shown  where  the  artery 
crosses  the  edge  of  the  lower  jawbone.  This  controls  bleeding  in  the  parts 
supplied  by  this  artery,  as  shown  in  the  illustration.  If  the  bleeding  is 
severe  and  it  is  evident  that  a  larger  and  deeper  vessel  is  responsible,  it  is 
necessary  to  compress  the  large  artery  in  the  neck.  If  you  will  turn  your 
own  head  well  toward  one  shoulder,  say  the  right,  you  will  be  able  to  feel 
on  the  left  side  a  strong  muscle  standing  out  under  the  skin  and  extending 
from  a  point  just  back  of  the  ear  to  the  point  where  the  left  collar  bone 
joins  the  breastbone.  This  is  your  guide  to  the  deep  artery.  Pressure 
should  be  made  deeply  between  the  lower  end  of  this  muscle  and  the  wind- 
pipe compressing  the  artery  directly  against  the  backbone  (Figs.  6  and  7). 

"Bleeding  from  Shoulder. — If  the  bleeding  is  in  the  neighborhood  of  the 
shoulder  joint,  the  artery  to  be  controlled  is  the  one  lying  directly  under 
the  collar  bone.  Pressure  is  made  downward,  behind  the  collar  bone,  near  the 
point  where  it  joins  the  breastbone,  the  artery  being  compressed  against  the 
rib  (Figs.  6  and  8). 

"Bleeding  from  Arm,  Forearm,  and  Hand. — If  you  place  your  left  hand 
on  your  right  arm  between  the  shoulder  and  elbow  and  then  bend  the  right 
elbow  and  straighten  it  out  several  times  you  will  feel  a  muscle  swell  up 
in  the  arm  and  subside  again.  Extending  along  the  inner  edge  of  this 
muscle  and  close  to  the  bone  a  large  artery  can  be  felt  beating  (Figs,  g 
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and  10).  This  is  the  one  to  compress  when  bleeding  is  from  a  point  in 
the  arm  or  forearm.  _  If  the  forearm,  the  best  place  to  compress  this  last- 
mentioned  artery  is  just  above  the  elbow;  and  is  also  the  best  point  if  there 
is  severe  bleeding  in  the  hand.. 

"Bleeding  from  Thigh  or  Leg. — In  the  groin,  halfway  between  the  hip  bone 
and  the  middle  line  of  the  body,  the  main  artery  supplying  the  thigh  and 
leg  can  be  pressed  against  the  bone  (Fig.  13).  If  the  bleeding  is  from  the 
back  of  the  knee,  the  leg,  or  foot,  the  best  place  to  apply  pressure  is  just 
above  the  knee  at  the  back  of  the  thigh  (Fig.  14). 

"Bleeding  from  Lungs  and  Stomach. — If  the  blood  is  from  the  lungs,  it 
is  generally  coughed  up  and  has  the  bright-red  appearance  of  ordinary 
blood.  If  from  the  stomach,  the  acid  of  the  stomach  juice  changes  the 
blood  until  it  has  more  the  appearance  of  coffee  grounds.  If,  however, 
the  bleeding  is  severe,  the  vomited  blood  may  be  bright  red,  as  the  acid  of 
the  stomach  may  not  have  had  time  to  act  upon  it.  Sometimes  blood 
brought  into  the  throat  from  the  lungs  is  swallowed  by  the  patient  and 
later  vomited  in  its  changed  condition. 

"In  the  treatment  of  either  of  these  conditions,  it  is  best  to  keep  the  patient 
very  quiet  in  bed,  let  him  suck  small  pieces  of  ice  in  limited  quantity,  and 
apply  cracked  ice  in  some  waterproof  covering  over  the  chest  or  pit  of  the 
stomach,  as  the  case  may  be.  Cheerfulness  and  an  encouraging  attitude 
on  the  part  of  the  attendants  are  necessary. 

"Bleeding  from  the  Nose. — If  bleeding  of  the  nose  occurs  in  a  full-blooded 
person,  especially  if  such  person  is  subject  to  dizziness,  we  should  not  be 
in  too  much  of  a  hurry  to  stop  it.  _  But  if  the  bleeding  is  the  result  of  injury 
or  if  it  occurs  in  a  person  suffering  from  disease  of  the  heart  or  lungs  or 
from  the  effects  of  malarial  fever,  scurvy,  or  any  disease  of  the  general 
system,  effort  should  be  made  to  stop  it.  Nosebleed  from  a  blow,  in  a 
healthy  individual,  usually  stops  in  a  short  time  without  any  particular 
treatment.  If  it  does  not  stop,  place  a  piece  of  paper  folded  to  the  thickness 
of  a  quarter  of  an  inch  well  up  between  the  upper  lip  and  gum,  and  com- 
press the  lip  tightly  against  it.  The  main  blood-vessels  supplying  the  nose 
pass  upward  from  the  corners  of  the  mouth  to  the  sides  of  the  nose,  and  this 
paper  tends  to  compress  the  vessels  and  shut  off  the  blood  supply.  The 
patient  should  lie  on  his  back  with  his  head  on  a  pillow.  If  ice  is  obtainable, 
it  should  be  cracked  into  small  pieces,  wrapped  in  a  thin  cloth,  and  placed 
over  the  nose,  a  sufficient  quantity  being  used  to  cover  the  whole  surface. 
Cold  applied  to  the  back  of  the  neck  will  also  do  good  in  some  cases.  If 
the  bleeding  is  obstinate,  a  strip  of  gauze  or  soft  cloth  can  be  pushed  gently 
into  the  nostrils,  the  ends  being  allowed  to  hang  out. 

"Bleeding  from  the  Urinary  Canal. — This  is  usually  caused  by  falling 
astride  of  a  hard  object.  The  bleeding  may  be  profuse,  but  is  usually  con- 
trolled by  pressure  with  a  folded  towel.  If  the  bleeding  is  severe,  a  stick 
with  a  cross-piece  at  one  end  should  be  placed  at  the  foot  of  the  bed,  the 
cross-piece  pressing  against  the  towel  in  the  crotch.  After  the  bleeding 
ceases,  the  patient  should  be  kept  quiet  and  cold  applications  should  be  used. 

Burns  and  Scalds 

"Burns. — Burns  or  scalds  are  serious  and  dangerous  to  life  in  proportion 
to  the  extent  and  depth  of  the  injury.  A  burn  covering  a  large  area  and 
producing  mere  reddening  and  swelling  of  the  skin  is  as  serious  as  a  burn 
one-half  the  size  in  which  the  skin  is  destroyed.  The  danger  is  from  shock, 
from  fever  following  reaction,  from  hemorrhage  following  sloughing,  and 
from  congestion  and  inflammation  of  internal  organs.  Burns  of  slight 
extent  or  moderate  degree  are  not  so  dangerous,  and  most  of  the  cases 
commonly  met  with  will  recover.      But  all  cases  require  careful  treatment. 

"Treatment. — The  indications  for  treatment  in  these  two  conditions  are 
virtually  the  same  if  the  damage  is  superficial;  and  this  is  usually  the  case, 
the  injuries  being  only  skin  deep.  Blisters  should  be  pricked  with  a  needle 
that  has  been  passed  through  a  flame  several  times.  This  allows  the  water 
to  escape  from  the  blisters,  but  the  skin  raised  by  the  blisters  should  not  be 
removed.  If  the  burning  agent  is  pitch  or  tar,  and  adheres  to  the  skin,  it 
should  not  be  removed;  it  will  come  away  later  with  the  blistered  skin. 
Any  bland  oil,  such  as  sweet  oil,  linseed  oil,  or  Vaseline,  forms  a  soothing 
application.  Ordinary  baking  soda  or  a  saturated  solution  of  soda  in  water 
can  be  used.  The  old  'Carron'  oil  made  of  linseed  oil  and  lime  water,  half 
and  half,  is  excellent,  but  has  an  unpleasant  odor.  If  lime  water  is  not 
at  hand,  it  may  be  obtained  as  follows:  Quicklime  is  first  slaked  by  adding 
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to  it  gradually  about  30  times  its  weight  of  water.  Agitate  during  \i  hr.. 
allow  the  lime  to  settle,  and  reject  the  liquid.  Add  to  the  residue  of  lime 
about  300  times  its  weight  of  water,  agitate  frequently  during  the  next  24  hr., 
and  allow  the  lime  to  settle.  The  clear  water  standing  above  the  undis- 
solved lime  is  lime  water. 

"The  parts  burned  or  the  entire  body,  except  the  head,  may  be  kept 
immersed  in  tepid  or  warm  water  for  days.  Cream  or  white  of  eggs  may  be 
used,  but  they  are  apt  to  become  offensive  after  24  hr.  Kerosene  is  an 
old  household  remedy.  One  teaspoonful  of  table  salt  in  a  pint  of  water 
makes  a  solution  that  can  be  employed.  Keep  the  patient  quiet  and  his 
bowels  active.  Pain  or  restlessness  may  be  relieved  by  laudanum,  20  drops 
repeated  in  2  hr. 

"If  the  eye  is  red  from  contact  with  the  flames  or  hot  fluid,  sweet  oil  is 
perhaps  the'  best  household  remedy  to  drop  in.  _  A  bandage  lightly  applied 
over  the  eyes  to  keep  out  the  light  will  be  soothing. 

"If  the  skin  or  the  eye  is  burned  with  acid,  a  solution  of  baking  soda  should 
be  used  first.  If  the  burning  agent  is  an  alkali,  such  as  hartshorn  or  lye, 
weak  vinegar  or  lemon  juice  should  be  used.  Sweet  oil  should  be  dropped 
in  the  eye  after  such  treatment. 

"If  the  patient  has  breathed  the  flame  or  steam  the  condition  is  apt  to  be  a 
serious  one,  even  though  it  does  not  appear  so  at  once.  Complete  rest  and 
quiet,  an  ice  bag  to  the  chest,  the  giving  of  milk  and  cream,  half  and  half, 
if  swallowing  is  possible,  should  be  employed.  Artificial  respiration,  as 
described  elsewhere,  may  be  applicable  in  some  cases. 

"Speaking  generally  of  burns  and  scalds,  a  superficial  burn  covering  a 
large  part  of  the  skin  may  be  more  dangerous  than  a  deep  burn  confined  to  a 
small  part,  for  reasons  which  it  is  unnecessary  to  discuss  in  a  book  of  this 
kind.  No  burn  or  scald  should  therefore  be  treated  as  a  trivial  matter. 
Where  solutions  are  used  the  bandages  should  be  soaked  in  the  same  before 
applying  and  the  solution  should  be  poured  over  the  bandaged  part  of 
frequent  intervals. 

"Paraffin  mixtures  have  been  recently  used  extensively  for  the  treatment 
of  burns.  The  mixture  is  melted  and  then  sprayed  upon  the  burned  surface. 
It  is  then  covered  with  a  layer  of  gauze  and  more  of  the  mixture  is  sprayed 
on.  Instead  of  spraying,  the  mixture  may  be  painted  on  the  surface  with  a 
sterile  brush.  The  mixture  becomes  hard  when  it  cools,  forming  a  pro- 
tective coating  for  the  burn.  The  paraffin  should  be  removed  once  a  day, 
the  wound  washed  with  a  weak  antiseptic  solution,  dried  with  pellets  of 
gauze  or  cotton,  after  which  another  coat  of  the  paraffin  mixture  is  applied. 
Melted  wax  may  be  employed  instead  of  paraffin.  In  either  case  a  coating 
of  liquid  petroleum  or  kerosene  should  be  applied  to  the  wound  before  the 
wax  or  paraffin  is  used. 

"The  scars  resulting  from  burns  and  scalds  always  contract,  and  in  severe 
cases  terrible  deformities  are  produced.  These  may  be  prevented  to  some 
extent  by  active  and  passive  motion  and  by  splints. 

Effects  of  Cold — Frostbite 

"Frostbite. — Severe  cold  depresses  the  action  of  the  heart,  suspends  the 
circulation.  These  effects  are  first  noticed  in  the  ears,  nose,  fingers,  and 
toes.  Numbness  and  tingling  are  the  first  symptoms,  then  loss  of  sen- 
sation. If  not  too  long  exposed,  the  circulation  may  be  restored  by  proper 
treatment.  But  if  the  exposure  is  long  continued  or  if  the  cold  is  very 
intense  the  parts  are  hopelessly  frozen  and  gangrene  will  be  the  result.  The 
parts  may  look  all  right  for  a  few  days  after  reaction  and  then  become 
discolored,  bluish,  and  finally  black.  Another  effect  of  extreme  cold  is  an 
overpowering  sense  of  drowsiness,  but  to  lie  down  and  go  to  sleep  under  such 
circumstances  is  almost  certain  death. 

"Treatment  of  Frostbites. —  1.  Do  not  bring  the  patient  to  the  fire  until 
the  circulation  is  restored  in  the  frozen  part. 

"2.  If  snow  be  on  the  ground  or  accessible,  take  a  woolen  cloth  in  the 
hand,  place  a  handful  of  snow  upon  it,  and  gently  rub  the  frozen  part  until 
the  natural  color  is  restored.  In  case  snow  is  not  at  hand  bathe  the  part 
gently  with  a  woolen  cloth  in  the  coldest  fresh  water  obtainable,  ice  water 
if  practicable. 

"3.  In  case  the  frostbite  is  old  and  the  skin  has  turned  black  or  begun  to 
scale  off  do  not  attempt  to  restore  its  vitality  by  friction,  but  use  the  treat- 
ment for  burns  described  on  page  1708. 

"4.  In  the  case  of  a  person  apparently  dead  from  exposure  to_  cold,  friction 
should  be  applied  to  the  body  and  the  lower  extremities  and  artificial  respira- 
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tion  practised  as  in  case  of  the  apparently  drowned.  As  soon  as  the  circula- 
tion appears  to  be  restored  administer  j^o  gr-  strychnine  sulphate.  Even 
if  no  signs  of  life  appear  friction  should  be  kept  up  for  a  long  period,  ai 
instances  are  on  record  of  recovery  after  several  hours  of  suspended  animation. 

Antisepsis,  Antiseptics,  and  the  Dressing  of  Wounds 

"We  are  surrounded  at  all  times  by  yery  minute  organisms  capable  of 
producing  various  diseases  or  complications.  They  are  sometimes  called 
'germs,'  and  more  vulgarly  called  'bugs.'  The  latter  name  is  incorrect,  as 
the  germs  belong  to  the  vegetable  and  not  the  animal  kingdom.  In  first- 
aid  work  the  germs  that  particularly  interest  us  are  those  that  get  into 
wounds  and  infect  them,  causing  pus  or  'matter'  and  sometimes  blood 
poison. 

"Definitions. — When  these  complications  arise  the  process  is  known  as 
'sepsis.'  'Antisepsis,'  therefore,  refers  to  the  question  of  removing  or 
killing  the  germs,  and  'antiseptics'  are  the  medicines  or  other  agents  used 
in  accomplishing  these  purposes.  This  explanation  is  made  for  the  reason 
that  it  is  necessary  to  use  the  terms  'antisepsis'  and  'antiseptics'  in  this 
chapter,  there  being  no  common  names  quite  so  expressive.  There  _  is, 
another  term,  'asepsis,'  used  by  doctors,  which  refers  to  the  condition 
where  all  germs  have  been  removed  or  killed,  but  this  is  a  condition  that 
does  not  often  obtain  in  first-aid  work  administered  by  a  layman,  and  there- 
fore will  not  be  further  discussed.  We  frequently  hear  a  person  say  that  he 
has  good  blood  because  when  he  cuts  himself  the  wound  heals  quickly. 
This  is  apt  to  give  him  a  false  sense  of  security  and  cause  him  to  neglect  the 
precautions  that  should  be  taken.  Some  of  the  worst  cases  of  'sepsis'  and 
blood  poison  occur  in  strong  healthy  men  who  have  had  no  previous  trouble 
in  the  healing  of  wounds.  Germs  are  always  present  on  the  skin  and  can  be 
demonstrated  by  laboratory  methods.  They  can  only  be  seen  by  a  micro- 
scope of  high  power.  A  patient  may  have  taken  a  hot  soap  bath  before  being 
injured,  but  his  skin  is  not  surgically  clean,  and  antiseptics  are  therefore, 
employed  to  destroy  the  germs  that  remain. 

"The  Dresser's  Hands. — The  one  who  is  to  make  the  dressing  should 
see  that  his  own  hands  are  surgically  clean  before  he  attempts  to  clean  or 
'sterilize'  the  wound;  otherwise  he  is  apt  to  transfer  germs  from  his  hands 
to  the  wounds  or  to  the  dressings.  The  hands  should  be  scrubbed  with  a 
nailbrush,  hot  water,  and  soap.  Then  the  finger  nails  should  be  cleansed 
and  the  hands  scrubbed  again.  A  good  way  to  clean  the  finger  nails  is  to 
rake  them  across  a  cake  of  soap,  filling  the  space  under  each  nail  with  the 
soap.  As  this  is  removed  with  a  pocketknife  the  dirt  comes  away  with  it. 
Then  after  the  second  scrubbing  the  hands  should  be  soaked  and  rubbed 
in  some  antiseptic  solution  and  not  dried.  The  skin  about  the  wound  should 
now  be  scrubbed  with  the  nailbrush  and  soap;  and  if  it  is  a  hairy  part,  the 
hair  should  be  shaved  for  some  distance  on  all  sides  of  the  wound  before 
the  scrubbing.  The  wound  and  the  parts  about  it  should  then  be  thor- 
oughly cleansed  with  the  antiseptic  solution;  and  a  cloth,  preferably  one 
that  has  been  boiled,  soaked  in  the  antiseptic  solution,  laid  over  the  wound, 
and  bound  there  with  a  bandage. 

"Alcohol. — The  antiseptic  that  is  most  apt  to  be  at  hand  or  most  easily 
obtained  is  alcohol.  It  should  be  diluted  with  water,  making  a  mixture  of 
i  part  water  and  3  parts  alcohol.  It  creates  a  burning  sensation  when 
applied  to  a  wound,  but  this  is  a  small  matter  if  it  prevents  infection  in 
the  wound.  Where  alcohol  cannot  be  obtained,  whisky  or  brandy,  which 
contains  about  50  %  of  alcohol,  may  be  obtainable.  Some  experiments 
have  recently  been  made  in  the  San  Francisco  Federal  Laboratory  by  officers 
of  the  U.  S.  Public  Health  Service  showing  that  whisky  and  brandy  are  very 
good  antiseptics. 

"Iodine. — Tincture  of  iodine,  usually  known  by  the  layman  as  simply 
'iodine,'  is  one  of  the  best  antiseptics  known  at  the  present  time.  Its 
power  is  far  greater  if  applied  to  a  dry  surface  than  to  a  wet  surface.  The 
burning  sensation  produced  in  the  wound  does  not  last  long.  A  dry  sterile 
dressing  over  it  is  preferable  to  a  wet  dressing,  as  the  wet  dressing  lessens 
its  power  and  is  apt  to  blister  the  skin.  Too  much  iodine  may  also  blister, 
and  it  should  therefore  be  diluted  with  an  equal  part  of  alcohol. _ 

"Bichloride  of  Mercury. — An  antiseptic  much  used  in  hospitals  is  bichloride 
of  mercury  or  corrosive  sublimate.  It  is  not  apt  to  be  on  hand  in  the  ordi- 
nary household  or  camp,  but  is  mentioned  as  one  of  the  agents  to  be  kept  in 
the  first-aid  chest.  It  can  be  purchased  in  tablet  form,  7.3  grains  each  and 
each  tablet  added  to  a  pint  of  water  makes  a  solution  of  1  part  bichloride  to 
1000  part  of  water.    This  strength  that  is  safest  for  the  layman  to  use  is  1 
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part  of  bichloride  of  mercury  to  5000  parts  of  water^  This  is  an  excellent 
antiseptic.  It  is  a  deadly  poison,  however,  if  taken  internally,  and  should 
therefore  be  handled  with  care. 

"Peroxide  of  Hydrogen. — Peroxide  of  hydrogen  has  become  a  favorite 
and  popular  antiseptic.  Its  power  in  this  regard  is  weak,  but  it  is  a  cleansing 
agent  and  can  be  employed  as  a  dressing  in  the  absence  of  anything  better. 
It  tends  also  to  stop  oozing  of  blood  in  a  wound  where  no  large  vessels 
are  cut. 

"Carbolic  Acid. — The  pure  carbolic  acid  should  be  obtained  if  possible, 
and  as  a  dressing  for  wounds  should  be  made  into  a  solution  of  1  part  of 
carbolic  acid  to  100  parts  of  hot  water._ 

"Compound  Cresol  Solution. — This  is  a  very  serviceable  antiseptic  solu- 
tion, as  it  readily  dissolves  in  cold  water  and  is  as  powerful  as  carbolic  acid 
solutions  of  the  same  strength.  It  may  be  employed^  in  1  %  solutions  for 
any  purposes  for  which  an  antiseptic  solution  is  required.  It  is  especially 
good  for  sterilizing  instruments,  as  it  does  not  injure  them. 


Fig.  15. 

"Sterile  Dressings.; — There  can  be  purchased  for  the  first-aid  chest  various 
kinds  of  sterile  dressings;  that  is,  dressings  that  have  had  all  germs  killed 
by  exposure  to  heat.  Sterile  gauze  comes  packed  in  a  box  in  the  form  of  a 
roll,  and  it  unrolls  as  pieces  are  drawn  out  and  cut  off.  From  a  theoretical 
standpoint  the  gauze  is  no  longer  sterile  after  the  package  has  once  been 
opened;  but  for  practical  first-aid  work  it  answers  the  purpose  if  each  piece 
cut  off  is  carefully  unfolded  with  clean  hands  and  the  inside  of  the  piece 
applied  next  to  the  wound.  It  is  advisable  to  buy  small  packages,  so  that  a 
new  one  will  be  opened  from  time  to  time. 

"How  to  Sterilize  Dressings. — The  one  most  efficient  and  always  available 
method  of  sterilizing  dressings  is  by  boiling  for  10  min.  in  plain  water,  which, 
from  a  practical  standpoint,  kills  all  germs  that  can  infect  a  wound.  If  a 
dry  dressing  is  desirable,  it  can  be  placed  in  a  pan  in  a  hot  oven  for  15  or  20 
min.  and  removed  just  as  it  is  beginning  to  be  scorched.  If  several  layers 
of  a  sterile  dressing  are  applied  directly  over  a  wound  and  lapped  around  it 
at  all  sides,  it  is  not  absolutely  necessary  that  the  additional  dressing  material 
placed  over  this  be  sterile,  although  it  is  desirable. 

"Sterilizing  Instruments,  Etc. — If  scissors,  knitting  needles,  ordinary 
needles,  or  other  metal  instruments  or  implements  are  necessary  in  dressing 
a  wound,  they  should  be  boiled  in  water  for  10  min.,  or  can  be  passed  through 
a  flame  several  times,  or  some  alcohol  can  be  poured  on  the  instrument 
and  then  set  on  fire  with  a  match.  Actual  fire  is  apt  to  remove  the  temper 
from  the  instrument  much  more  easily  than  boiling,  for  which  reason  boiling 
is  preferable. 

"Treatment  of  Wounds. — Doctors  divide  wounds  into  several  classes, 
namely,  incised,  lacerated,  contused,  punctured,  poisoned,  gunshot,  and 
infected.  The  nature  of  the  first  three  is  sufficiently  clear  from  their  names 
and  from  a  first-aid  standpoint  may  be  considered  together.  The  first  thing 
to  do  is  to  control  severe  bleeding  by  pressure  on  the  wound  or  upon  a  distant 
part  of  the  blood-vessel,  as  explained  in  the  data  on  'Bleeding.'  Then,  after 
the  dresser  has  disinfected  his  own  hands,  the  wound  should  be  thoroughly 
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cleansed  and  disinfected;  these  matters  will  be  explained  in  'Antiseptics.' 
Iodine,  if  at  hand,  is  the  best  agent  to  use.  If  the  wound  is  on  a  hairy  part, 
as  the  scalp,  the  hair  should  be  shaved  for  a  distance  of  several  inches  from 
the  wound.  An  antiseptic  dressing  should  then  be  applied,  or  in  the  absence 
of  any  such  agent  one  may  use  a  clean  cloth  boiled  for  10  min.  in  clear  water 
or  in  water  to  which  table  salt  has  been  added  in  the  proportion  of  i  tea- 
spoonful  to  the  pint.  This  dressing  is  retained  by  a  bandage  and  should  not 
be  disturbed  for  any  reason  except  bleeding  if  the  doctor  can  be  reached 
within  48  hr. 

"If  it  is  impossible  to  secure  the  services  of  a  doctor  for  several  days  and 
the  wound  gapes  to  such  an  extent  that  it  cannot  be  readily  closed  by  band- 
aging, or  is  in  a  part  where  a  scar  will  mean  disfigurement,  the  layman 
may  attempt  to  close  the  wound  by  stitching,  and  this  can  be  done  by  using 
an  ordinary  sewing  needle  with  silk  or  linen  thread,  both  boiled  for  10 
min.,  the  needle  being  pushed  through  the  flesh  by  means  of  a  thimble, 
also  boiled.  The  stitches  should  pierce  the  skin  about  an  eighth  or  quarter 
of  an  inch  from  the  edge  of  the  wound  and  come  out  of  the  fleshy  part  of 
the  wound  about  the  same  distance  from  the  skin.  They  should  be  placed 
about  half  an  inch  apart,  and  each  one  should  be  tied  and  cut  off.  The 
stitches  should  only  be  drawn  tight  enough  barely  to  close  the  wound, 
because  the  swelling  may  make  them  too  tight.  No  wound  should  be  closed 
by  a  layman  without  leaving  drainage;  that  is,  something  that  will  lead  off 
the  bloody  water  that  oozes  from  a  wound. 

"A  piece  of  boiled  sewing  silk  or  linen  folded  back  and  forth  and  then 
twisted  until  it  makes  a  skein  one-eighth  of  an  inch  thick  should  be  laid  in 
the  bottom  of  the  wound  and  allowed  to  hang  out  at  the  lower  end  for  a 
distance  of  an  inch.  This  drains  by  capillary  attraction,  and  there  is  far 
less  danger  of  blood  poison  than  if  the  wound  were  closed  tightly.  This 
drain  should  be  removed  after  24  hr.  by  simply  drawing  it  out  without 
disturbing  the  stitches.  The  stitches  themselves  should  be  left  in  place 
from  three  to  six  days,  depending  principally  upon  the  depth  of  the  wound 
and  its  tendency  to  gape.  The  stitching  of  a  wound  should  only  be  attempted 
by  a  layman  when  a  doctor  cannot  be  reached  within  48  hr. 

"The  closure  of  a  wound  by  sticking  plaster  is  a  questionable  expedient, 
because  it  seals  the  wound,  prevents  drainage,  and  blood  poison  may  follow. 
If  the  wound  is  not  large,  a  strip  of  boiled  cioth  may  be  laid  directly  over 
it  and  the  wound  then  drawn  together  by  strips  of  sticking  plaster  applied 
outside  the  cloth. 

"Whether  the  wound  is  closed  by  stitches  or  not,  the  layman  should  apply 
an  antiseptic  dressing,  if  such  is  available,  and  if  not,  a  boiled  cloth,  as 
described  above,  can  be  used. 

"A  badly  contused  or  bruised  wound  should  not  be  stitched  by  a  layman. 
In  a  lacerated  wound  it  may  be  necessary  to  trim  off  with  boiled  scissors 
a  few  ragged  edges  of  skin  before  stitching. 

"If  a  wound  has  penetrated  the  belly  and  the  bowel  is  protruding,  it  is 
best  not  to  attempt  to  push  it  back  if  the  doctor  can  be  reached  within  a 
few  hours.  It  should  be  gently  washed  with  the  salt  solution,  described 
at  top  of  page  and  kept  covered  with  towels  frequently  wet  with  the 
same  solution.  If  a  doctor  cannot  be  reached  within  a  few  hours,  and 
the  person  in  charge  of  the  patient  after  a  careful  examination  is  sure  that 
the  bowel  has  not  been  opened  or  otherwise  seriously  injured,  he  should, 
after  carefully  washing  the  bowel  with  the  salt  solution  mentioned  above, 
return  it  to  the  belly.  If  the  bowel  is  allowed  to  remain  for  too  great  a  time 
outside  of  the  belly,  its  circulation  may  be  cut  off  by  the  pressure  of  the 
belly  walls  and  gangrene  result.  If  the  bowel  has  been  opened  or  severely 
bruised,  it  should  not  be  returned,  as  there  is  danger  of  forcing  fecal  matter 
out  of  the  bowel  into  the  belly  cavity,  which  would  cause  a  dangerous 
inflammation.  If  the  bowel  is  not  protruding  from  the  wound,  simply 
treat  as  an  ordinary  wound. 

"Punctured  Wounds. — A  punctured  wound  is  one  made  by  a  piercing 
agent,  such  as  a  nail,  tack,  knife,  or  needle.  Such  a  wound  is  dangerous, 
because  it  almost  completely  closes  and  does  not  drain.  If  germs  are 
introduced  at  the  time  of  the  accident,  they  cannot  escape.  A  wound 
of  this  kind,  except  of  the  chest  or  belly,  should  be  disinfected  or  burned, 
and  the  best  agent  is  pure  carbolic  acid.  In  the  absence  of  suitable 
instruments  a  knitting  needle  or  other  thin  blunt  implement  should  be  dipped 
into  the  carbolic  acid  and  then  inserted  to  the  full  depth  of  the  wound.  This 
should  be  repeated  several  times.  The  first  application  causes  a  burning 
sensation,  but  the  acid  itself  soon  deadens  the  part,  and  the  subsequent 
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applications  are  less  painful.  If  the  knitting  needle  is  then  dipped  in 
alcohol  or  whisky  and  inserted  once  or  twice  and  a  little  is  applied  to  the 
skin  about  the  wound,  it  will  stop  the  burning  action  of  the  carbolic  acid. 
In  the  absence  of  the  carbolic  acid  the  alcohol  or  whisky  can  be  used  alone, 
but  are  far  less  efficient.  After  this  treatment  an  antiseptic  dressing  or,  a 
boiled  cloth  should  be  applied  to  the  wound.  The  frequency  with  which 
lockjaw  follows  punctured  wounds,  particularly  nail  wounds,  makes  it 
imperative  that  the  doctor  be  consulted  promptly  and  that  the  wound  be 
not  regarded  as  trivial  because  it  is  small  in  size.  An  injection  of  serum 
(tetanus  antitoxin)  will  prevent  lockjaw. 

"Poisoned  Wounds. — The  principal  poisoned  wounds  met  with  are  those 
due  to  bites  of  animals  or  bites  and  stings  of  insects,  and  these  have  been  con- 
sidered under  a  separate  heading  (see  p.  1701). 

"Gunshot  Wounds. — A  gunshot  wound  is  similar  to  a  punctured  wound 
in  that  it  is  small  and  almost  completely  closed.  If  the  ball  has  passed 
entirely  through  a  part,  as  the  leg,  and  has  not  struck  an  important  vessel 
or  broken  a  bone,  the  wound  is  apt  to  cause  less  trouble  than  one  in  which 
the  ball  remains  in  the  flesh.  If  a  portion  of  clothing  is  found  in  the  mouth 
of  the  wound,  it  should  be  removed.  The  part  should  be  well  cleansed  with 
soap  and  hot  water  and  an  antiseptic  dressing  or  a  boiled  cloth  applied. 
Further  than  this  it  is  not  best  for  the  layman  to  attempt  anything,  par- 
ticularly probing  for  the  bullets.  If  a  bone  has  been  broken  by  the  ball, 
the  case  should  be  treated  as  described  under  'Compound  Fracture.' 

"Infected  Wounds. — A  wound  should  never  be  permitted  to  become 
infected,  but  it  is  not  always  possible  to  prevent  it,  as  germs  may  be  intro- 
duced at  the  time  of  the  injury  by  the  weapon  causing  the  injury  or  on  pieces 
of  cloth  or  in  dirt  carried  in  with  it.  Badly  contused  wounds  are  also  liable 
to  become  infected  as  the  devitalized  tissue  is  unable  to  resist  the  attack  of 
harmful  bacteria.  Continuous  or  frequent  irrigation  with  an  antiseptic 
solution  has  been  found  to  be  the  best  method  of  thoroughly  cleansing 
wounds  of  this  kind  and  to  keep  them  free  from  bacteria.  A  very  weak 
bichloride  solution  (1  to  15,000)  may  be  used  for  this  purpose,  or,  even 
sterile  water  containing  one  teaspoonful  of  salt  to  the  quart  may  be 
employed  if  nothing  else  is  available.  The  Dakin-Carrel  solution,  is,  however, 
the  best  for  this  purpose.  Tablets  for  the  preparation  of  this  solution, 
known  under  the  trade  name  of  Chlorazene  tablets,  can  now  be  obtained  in 
the  drug  stores.  In  order  to  be  effective,  the  solution  should  be  introduced 
to  the  bottom  of  the  wound.  A  special  apparatus  is  employed  for  this 
purpose.  Gauze  is  packed  around  rubber  tubes  after  they  are  placed  in 
the  wound.  Only  enough  solution  to  keep  the  dressing  damp  should  be 
allowed  to  flow  into  the  tubes.  A  modification  of  this  solution  has  recently 
been  made  in  which  oil  is  used  instead  of  water.  This  makes  it  unnecessary 
to  be  continually  wetting  the  gauze  as  the  oil  keeps  the  wound  moist  for  a 
longer  period  and  the  wound  need  therefore  be  dressed  but  once  a  day. 

Resuscitation  from  Apparent  Drowning 

"In  the  act  of  breathing,  the  oxygen  from  the  air  is  absorbed  from  the 
lungs  into  the  blood  vessels  and  purifies  the  blood;  at  the  same  time  the 
impure  matters  picked  up  by  the  blood  in  circulating  through  the  body 
are  filtered  out  by  the  lungs  and  pass  off  to  the  atmosphere  with  the  breath. 
When  a  person  is  under  water  he  can  hold  his  breath  for  a  short  time,  keep- 
ing out  the  water;  then  he  swallows  some  water  into  the  stomach,  and 
as  his  strength  fails  water  enters  the  lungs.  The  water  in  the  stomach  does 
no  particular  harm;  but  that  in  the  lungs  is  of  vital  importance  because  it 
stops  breathing,  causes  poisoning  of  the  system  from  lack  of  purification 
of  the  blood,  and  if  allowed  to  remain  for  any  length  of  time  produces  stop- 
page of  the  heart  and  death. 

"The  indications,  therefore,  in  one  apparently  drowned  are  to  remove 
the  water  from  the  lungs,  to  make  the  patient  breathe,  and  to  stimulate  the 
weak  heart. 

"The  old  method  of  rolling  a  patient  over  a  barrel  to  remove  the  water 
from  the  lungs  is  not  considered  efficient  by  those  who  have  had  most 
experience.  Inverting  the  patient  by  grasping  his  feet  and  holding  him 
head  down  for  a  few  moments,  at  the  same  time  making  pressure  on  his 
belly  inward  and  toward  the  chest,  may  remove  part  of  the  water.  The 
chest  is  separated  from  the  belly  by  a  partition  consisting  of  a  thin  flat 
muscle,  and  pressure  inward  and  upward  on  the  belly  forces  this  partition 
up  against  the  lungs  and  may  mechanically  squeeze  some  water  out  of  the 
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tubes  in  the  lungs.  Time  should  not  be  wasted  in  prolonged  efforts  to 
remove  the  water,  as  it  is  important  to  proceed  as  quickly  as  possible  with 
artificial  breathing,  which  will  not  only  squeeze  the  water  out  of  the  lungs 
but  will  renew  respiration  and  revive  the  patient. 


RESCUE  METHODS 

Retcutr  •Souki  not  go  into  the  water  unlet*  Net  ran  17  but  ihouM  me  •  Line,  Buor  or  Boat 


6.  Ice  Rescue 


Fig.  16. 


"There  are  several  methods  that  have  been  suggested  and  used  for  inducing 
artificial  breathing,  but  to  save  delay  in  selecting  one  the  layman  should 
have  explained  to  him  in  a  book  of  this  kind  one  method  only,  and  that 
one  the  method  that  has  been  accepted  as  the  best,  namely,  the  Schafer 
method  (see  Fig.  17). 
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"Schafer's  description  of  this  method,  as  quoted  by  Crile,  is  as  follows, 
except  that  the  technical  words  and  expressions  have  been  eliminated 
and  ordinary  ones  that  will  be  understood  by  a  layman  substituted : 

"The  subject,  whether  a  drowned  person  or  not,  is  allowed  to  lie  prone, 
i.e.,   face   downward,    no   preliminary    manipulation   of   the    tongue   being 


BREAKING  DEATH  CRIPS 


I.  When  Rescue*  b  Held  by  Wrists " :  ~-~— : 


.  2.  When  Rescuer  is  Clinched  around  the  Neck 
RESTORING  NEARLY  DROWNED 


3.  When  Rescuer  is  Clutched  around 
the  Body  or  Arms 


2.  Artificial  Respiration  (B) 


Fig.  17. 


required.  The  operator  kneels  or  squats  either  across  or  on  one  side  of  the 
subject,  facing  the  head,  and  places  his  hands  close  together  flat  upon  the 
back  of  the  subject  over  the  loins,  the  fingers  extending  over  the  lowest 
ribs.  By  now  leaning  forward  upon  the  hands,  keeping  the  elbows 
extended,  the  weight  of  the  operator's  body  is  brought  to  bear  upon  the  sub- 
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ject,  and  this  not  only  compresses  the  lower  part  of  the  chest  but  also  the 
belly  upon  the  ground,  the  pressure  being  fairly  equally  distributed.  The 
result  of  this  is  that  not  only  is  the  chest  diminished  in  extent  from  before 
back,  but,  owing  to  the  pressure  which  is  communicated  to  the  belly,  the 
belly  contents  are  compressed  and  tend  to  force  the  muscle  partition 
between  the  chest  and  belly  up,  so  that  the  chest  is  diminished  in  capacity 
from  above  down.  This  is  no  doubt  the  reason  why  the  pressure  method 
when  applied  with  the  subject  lying  on  his  belly  is  more  effective  than  when 
applied,  as  by  Howard,  with  the  subject  lying  on  his  back.  The  pressure 
is  applied  not  violently  but  gradually  during  about  3  sec,  and  is  then  released 
by  the  operator  swinging  his  body  back,  but  without  removing  his  hands. 
The  elasticity  of  the  chest  and  belly  causes  these  to  resume  their  original 
dimensions  and  air  passes  in  through  the  windpipe.  After  2  sec.  the  process 
is  again  commenced,  and  is  continued  in  the  same  way,  the  operator  swinging 
his  body  forward  and  backward  once  every  5  sec,  or  about  12  times  a  minute, 
without  any  violent  effort  and  with  the  least  possible  exertion.  This  last 
condition,  viz.,  the  absence  of  muscular  exertion,  other  than  that  involved 
in  swinging  forward  and  backward,  renders  it  possible  to  continue  the  process 
without  fatigue  for  an  indefinite  time.  It  can  further  be  carried  out  unaided 
by  a  woman  almost  as  well  as  a  man,  by  children  upon  children;  it  hardly 
requires  to  be  taught,  a  simple  demonstration  sufficiently  teaches  it  to  a  large 
audience.  Its  advantages  in  drowning  cases  over  any  other  method  which 
involves  the  position  on  the  back  are  sufficiently  obvious,  for  with  it  there  is 
no  risk  of  obstruction  by  water  or  slime  or  the  contents  of  the  stomach,  which 
can  not  accumulate  in  the  throat,  but  must  come  away  by  the  mouth,  and 
the  tongue,  in  place  of  falling  back,  as  in  the  position  on  the  back,  falls 
forward  and  is  unable  to  produce  obstruction. 

"  Crile  says  in  regard  to  this  method:  'Schafer's  method  should  be  used 
in  all  cases  in  the  absence  of  medical  assistance  or  outside  of  a  hospital,  and 
even  in  a  hospital  in  the  absence  of  immediate  surgical  aid.'  He  further 
says:  'Simple  artificial  respiration  is  the  only  hope  in  drowning  and  other 
accidents  occurring  when  professional  help  is  not  at  hand.'  When  the 
patient  is  able  to  swallow,  a  small  cup  of  black  coffee,  or  hot  milk  may  be 
given  ,  and  repeated  a  few  times  at  intervals  of  an  hour.  If  he  does  not 
swallow  well,  and  an  ordinary  syringe  is  available,  the  coffee  may  be 
injected  into  the  bowel  and  left  there,  but  the  effect  is  slower. 

"It  is  scarcely  necessary  to  state  that  the  patient  should  be  removed  to  a 
warm  place,  the  wet  clothing  removed,  and  the  lower  parts  of  the  body 
covered  and  artificially  warmed.  Pending  the  arrival  of  the  doctor  the 
patient  should  be  closely  watched,  and  if  signs  of  collapse  appear,  renewed 
efforts  should  be  made.  Prolonged  and  systematic  rubbing  of  the  skin 
and  kneading  of  the  muscles  will  assist  in  promoting  the  circulation  of 
the  blood. 

Resuscitation  from  Electrical  Shock1 

"An  accidental  electric  shock  usually  does  not  kill  at  once,  but  may  only 
stun  the  victim  and  for  a  while  stop  his  breathing. 

"The  shock  is  not  likely  to  be  immediately  fatal  because  (a)  The  con- 
ductors may  make  only  a  brief  and  imperfect  contact  with  the  body,  (b) 
The  skin,  unless  it  is  wet,  offers  high  resistance  to  the  current. 

"Hope  of  restoring  the  victim  lies  in  prompt  and  continued  use  of  artificial 
respiration.  The  reasons  for  this  statement  are:  (a)  The  fact  continuously 
depends  on  an  exchange  of  air,  as  shown  by  the  fact  that  we  must  breathe 
in  and  out  about  18  times  a  minute,  (b)  If  the  body  is  not  thus  repeatedly 
supplied  with  air,  suffocation  occurs,  (c)  Persons  whose  breathing  has 
been  stopped  by  electric  shock  have  been  restored  after  artificial  respiration 
has  been  continued  for  approximately  2  hr. 

"Instructions. — Follow  these  instructions  even  if  the  victim  appears 
dead. 

"I.   Break  the  circuit  immediately. 

"1.  With  a  single  quick  motion  separate  the  victim  from  the  five  con- 
ductor. In  so  doing  avoid  receiving  a  shock  yourself.  Many  have,  by  their 
carelessness,  received  injury  in  trying  to  disconnect  victims  of  shock  from  live 
conductors. 

"Observe  the  following  precautions:  (a)  Use  a  dry  coat,  a  dry  rope,  a  dry 
stick  or  board,  or  any  other  dry  non-conductor  to  move  either  the  victim  or 

" l  Taken  from  "Rules  for  Resuscitation  from  Electric  Shock."  Issued  by 
the  National  Electric  Light  Association. 
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HOW  TO  RESCUE  PERSON  FROM  CONTACT  WITH  ELECTRIC. CURRENT 

(Whan  possible  the  rttattn  duoU  Stand  00  Dry  Wood  or  Cloth) 
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the  wire,  so  as  to  break  the  electrical  contact.  Beware  of  using  metal  or 
any  moist  material.  The  victim's  loose  clothing,  if  dry,  may  be  used  to 
pull  him  away;  do  not  touch  the  soles  or  heels  of  his  shoes  while  he  remains 
in  contact,  the  nails  are  dangerous,  (b)  If  the  body  must  be  touched  by 
your  hands,  be  sure  to  cover  them  with  rubber  gloves,  mackintosh,  rubber 
sheeting,  or  dry  cloth;  or  stand  on  a  dry  board  or  some  other  dry  insulating 
surface.  If  possible,  use  only  one  hand.  If  the  victim  is  conducting  the 
current  to  ground,  and  is  convulsively  clutching  the  live  conductor,  it 
may  be  easier  to  shut  off  the  current  by  lifting  him  than  by  leaving  him 
on  the  ground  and  trying  to  break  his  grasp. 

"2.  Open  the  nearest  switch,  if  that  is  the  quickest  way  to  break  the 
circuit. 

"3.  If  necessary  to  cut  a  live  wire  use  an  ax  or  a  hatchet  with  a  dry  wooden 
handle,  or  properly  insulated  pliers. 

"II.  Attend  instantly  to  the  victim's  breathing.  Use  the  Schafer  method 
of  artificial  respiration  as  described  under  treatment  of  the  apparently 
drowned  (p.  1713).  Burns  of  the  skin  should  be  treated  as  described  for 
ordinary  burns.  Warmth  to  the  body,  gentle  rubbing,  and  later  hot  water, 
milk,  or  coffee  if  the  subject  can  swallow,  are  indicated,  but  do  not  give  any 
liquids  whatever  by  mouth  until  the  subject  is  fully  conscious. 

DIRECTIONS  TO  BE  FOLLOWED  IN  CASE  OF  POISONING 

"Send  for  the  doctor  immediately,  if  practicable,  and  if  the  nature  of  the 
poison  is  known,  have  the  messenger  inform  the  doctor  so  that  he  may  come 
prepared.  If  the  poison  is  unknown,  but  the  bottle  from  which  it  was 
taken  is  found,  save  the  bottle,  as  it  may  help  in  case  of  legal  investigation. 
If  the  poison  has  been  taken  with  suicidal  intent  and  the  patient  survives, 
the  same  caution  is  applicable  that  was  mentioned  under  Drowning,  Gas 
Poisoning,  etc.  Warmth  to  the  body,  light  stimulation,  and  encouragement 
are  indicated. 

"In  treating  cases  of  poisoning  first  give  an  antidote,  if  one  is  available; 
second,  promote  early  and  repeated  vomiting  to  remove  the  bulk  of  the 
poison;  third,  give  something  that  will  help  envelope  the  poison  left  in  the 
stomach  and  prevent  its  further  absorption  into  the  system;  fourth,  remedy 
the  damage  that  has  been  done,  so  far  as  this  is  possible. 

"The  following  'general  antidote,'  which  should  be  prepared  as  needed, 
should  be  given  when  poisoning  by  any  of  the  poisons  mentioned  in  this 
book  occurs  or  if  the  poison  is  unknown:  magnesia,  2  teaspoonfuls;  char- 
coal, 2  teaspoonfuls;  tannic  acid,  1  teaspoonful.  These  dry  powders  should 
be  kept  thoroughly  mixed  in  the  above  proportions  in  an  air-tight  bottle 
and  when  needed  1  heaping  tablespoonful  should  be  mixed  with  a  cupful 
of  water.      This  is  one  adult  dose  and  should  be  repeated. 

"Should  there  be  no  tannic  acid  on  hand,  a  cupful  of  very  strong  tea  or 
tea  of  oak  bark  will  take  the  place  of  the  tannic  acid  and  water. 

"Vomiting  or  puking  may  be  induced  by  tickling  the  throat  with  a  feather 
or  pushing  the  finger  down  the  throat,  or  by  the  administration  of  one  of  the 
following  emetics  by  mouth: 

"Mustard. — One  tablespoonful  stirred  to  a  cream  with  a  cupful  of  tepid 
water. 

"Common  Salt. — One  tablespoonful  to  a  cupful  of  tepid  water.  Not  very 
certain  as  an  emetic. 

"Alum. — Two  teaspoonfuls  to  a  cupful  of  tepid  water.  This  is  a  rather 
feeble  emetic. 

"Ipecac. — Give  1  tablespoonful  of  the  sirup  in  a  cupful  of  tepid  water. 
Repeat  once  if  necessary. 

"The  doses  recommended  throughout  this  article  are  for  adults;  the 
amount  should  be  proportionately  small  for  children  as  follows.     Divide  age 

of  child  by  12  more  than  age.    For  6  year  old  j— «=»  —  =  —  of  adult 

dose. 

Unknown  Poison 

"Give  'general  antidote'  following  by  emetics  or  raw  whites  of  several 
eggs;  or,  in  their  absence,  milk,  or  flour  and  water.  The  white  of  egg, 
particularly,  is  inclined  to  pick  up  part  of  the  poison  left  in  the  stomach 
and  hold  it  until  the  patient  can  be  made  to  vomit  again.  If  the  body  is 
limp  and  respiration  is  feeble,  tea  or  coffee  can  be  given  as  a  stimulant,  and 
warmth  applied  to  the  body  with  massage  or  rubbing  will  tend  to  support 
the  circulation. 
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Opium,  Laudanum,  Paregoric,  Morphine,  Codeine,  Heroin,  Indian  Hemp 

"Give  the  'general  antidote,'  or  potassium  permanganate  (J-3  teaspoonful 
dissolved  in  a  pint  of  water,  no  .undissolved  crystals  should  remain  in  the 
fluid),  or  peroxide  of  hydrogen  (2  teaspoonfuls  in  a  pint  of  water),  or  borax, 
or  baking  soda  (about  1  tablespoonful  to  the  pint  of  water)  followed  by  an 
emetic.  Whites  of  eggs  and  considerable  quantities  of  strong  tea  or  strong 
black  coffee  should  be  given,  or  if  unable  to  swallow,  inject  the  coffee  into  the 
bowel  with  a  syringe. 

"Give  sweet  spirits  of  niter  (1  teaspoonful  in  water  three  times  a  day)  to 
aid  excretion  by  kidneys. 

"Keep  patient  awake  by  shaking,  striking  with  wet  towel,  applying  cold 
water  over  face  and  chest,  or  forced  walking. 

"Wines  and  liquors  must  not  be  given. 

"When  respiration  becomes  slow  and  irregular,  artificial  respiration  should 
be  employed,  the  same  as  is  used  to  restore  the  partially  drowned. 

"After  the  dangerous  symptoms  have  subsided,  the  patient  should  be  put 
in  bed,  warmth  applied,  and  he  should  be  carefully  watched  for  some  time. 
Arsenic,    Ratsbane,    Paris    Green,    "Rough   on    Rats,"    Fowler's    Solution 

"The  best  antidote,  if  the  ingredients  can  be  obtained,  is  prepared  by 
mixing  a  teaspoonful  of  magnesia  with  a  cup  of  water,  adding  2  tablespoon- 
fuls  of  tincture  of  iron,  stirring  well,  and  giving  the  whole  in  one  dose;  or 
the  '  general  antidote '  may  be  given,  followed  by  emetics,  raw  whites  of 
eggs  mixed  with  water,  or  large  drinks  of  hot  greasy  water,  or  salt  and 
water  (tablespoonful  to  pint),  or  strong  tea.  Magnesia  may  be  given  in 
tablespoonful  doses  mixed  with  water.  Lime  water  in  large  quantities 
is  of  some  value,  and  in  its  absence  lime  which  may  be  scraped  from  the 
walls  or  ceiling  and  mixed  with  water  may  be  administered. 

"Protect  stomach  with  2  tablespoonfuls  of  sweet  oil,  gruel,  starch,  muci- 
lage, flaxseed  tea,  or  elm-bark  tea.  Castor  oil  (2  tablespoonfuls)  should  be 
given  after  vomiting  occurs  even  though  the  bowel  movements  are  frequent. 

"Pain  can  possibly  be  lessened  by  hot  bottles  to  the  stomach  and  bowels. 

"Keep  patient  warm  with  artificial  heat  or  extra  garments,  and  give  strong 
coffee  to  avert  collapse. 

Strychnine,  Nux  Vomica  (Dog  Button),  Fish  Berries,  Ignatia  Bean 

"Give  'general  antidote'  or  charcoal  (1  tablespoonful)  or  strong  tea 
followed  by  an  emetic,  then  15-gr.  doses  of  bromide  of  soda  or  potash  in 
water  repeated  every  hour  until  three  or  four  doses  have  been  taken.  Several 
whiffs  of  ether  may  be  inhaled  from  a  handkerchief  at  the  beginning  of  a 
spasm. 

"Give  sweet  spirits  of  niter  (r  teaspoonful  in  water  three  times  a  day). 

"Follow  by  a  purge  of  Epsom  salt  or  any  other  saline  cathartic  that  is  at 
hand. 

"Artificial  respiration  should  be  employed  the  same  as  is  used  to  restore 
the  partially  drowned  (p.  1713).  Remove  the  patient  to  a  darkened  room 
and  keep  as  quiet  as  possible;  avoid  any  sudden  noises. 

Bichloride  of  Mercury  (Corrosive  Sublimate) 

"Promote  vomiting,  if  not  already  present,  by  giving  mustard  in  water. 
Do  not  use  salt  as  an  emetic. 

"Give  raw  whites  of  eggs  in  water  or  milk  or  give  milk  or  mucilage  in 
abundance.  In  absence  of  eggs,  chop  up  raw,  lean  meat  finely  and  diffuse 
through  water  or  milk  and  give.  It  is  necessary  that  vomiting  be  induced 
after  the  eggs,  milk,  or  meat  are  given,  as  the  mixture  formed  of  these  sub- 
stances will  be  absorbed  if  allowed  to  remain. 

"The  'general  antidote,'  strong  tea,  and  later  flour  and  water,  barley 
water,  or  flaxseed  tea,  or  elm-bark  tea  may  be  given. 

"Borax  in  water,  about  a  tablespoonful  to  the  pint  of  water,  is  recom- 
mended, but  is  of  doubtful  value. 

"Stimulate  with  strong  coffee  if  necessary. 

Acid  Poison — Acetic,  Muriatic,  Nitric,  Sulphuric,  Etc. 

"Give  no  emetic. 

"Give  'general  antidote,'  large  drinks  of  water  (or  milk)  with  chalk, 
whiting,  borax,  magnesia,  or  baking  soda,  or  wood  ashes,  or  strong  soap- 
suds; plaster  from  the  wall  may  be  given  in  emergency;  olive  oil,  raw  whites 
of  eggs  beaten  up  with  water,  and  later  flaxseed  tea,  elm-bark  tea,  gruel, 
starch,  mucilage  freely. 

"Laudanum  (20  drops)  may  be  given  if  there  is  much  pain. 
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Carbolic  Acid  and  Cresol  and  Coal-tar  Disinfectants  Generally 

"Give  alcoholic  liquors  (whisky,  brandy,  etc.)  or  equal  parts  of  alcohol 
and  water  freely  to  dissolve  the  poison.  Produce  vomiting  to  get  rid  of  the 
alcoholic  mixture.  In  the  absence  of  alcoholic  liquors,  give  vinegar,  soap- 
suds, or  raw  whites  of  eggs  in  water.  Give  solution  of  Epsom  or  Glauber 
salt  or  sodium  phosphate  well  diluted  to  hasten  elimination  of  acid  that 
may  have  entered  the  circulation. 

"Do  not  give  oils  or  glycerin. 

"  Milk,  gruel,  flaxseed  tea,  or  elm-bark  tea  may  then  be  given.  Hot  applica- 
tions to  extremities.  For  collapse  give  strong  coffee.  Apply  artificial  respi- 
ration if  breathings  tops. 

Alkali  Poisons — Lye,  Hartshorn,  Pearlash,  Etc. 

"Assist  vomiting  with  large  drinks  of  tepid  water. 

"Give  vinegar,  lemon  juice  or  orange  juice,  hard  cider,  whites  of  eggs 
beaten  with  water. 

"  Follow  by  sweet  oil.  milk,  gruel,  barley  water,  flaxseed  tea,  or  elm-bark  tea. 

Ptomaine  Poisoning  from  Fish 

"The  symptoms  of  ptomaine  poisoning  are  practically  the  same  as  those 
of  cholera  morbus. 

"General  antidote,  emetics,  copious  drinks  of  strong  tea,  repeat  emetic, 
then  castor  oil  (2  tablespoonfuls)  should  be  given.  Continue  treatment  as 
given  for  cholera  morbus. 

Cholera  Morbus  (Sporadic  Cholera) 

"Cholera  morbus  is  an  affection  of  the  stomach  and  intestines,  attended 
by  vomiting,  purging,  and  cramps.  It  comes  on  suddenly,  and  may  begin 
by  vomiting  or  purging.  It  is  usually  met  with  during  the  hot  months  of 
summer.  It  is  frequently  caused  by  eating  unripe  and  indigestible  fruits 
and  vegetables,  decomposed  or  improperly  cooked  fish,  shellfish,  or  salad 
mixtures.  Drinking  large  quantities  of  iced  water  and  sudden  checking  of 
the  perspiration,  or  irritants  of  any  kind,  may  set  up  the  trouble.  The  dis- 
ease usually  begins  suddenly,  often  at  night,  with  vomiting,  after  a  feeling  of 
uneasiness,  nausea,  or  a  severe  cramp.  The  contents  of  the  stomach  are 
first  thrown  up,  then  a  bilious  matter.  The  stools  are  at  first  solid  or  semi- 
solid, but  they  soon  become  more  watery,  lose  their  color,  and  sometimes 
appear  not  unlike  the  rice-water  stools  of  genuine  Asiatic  cholera.  The 
patient  soon  has  a  wasted  look.  His  thirst  is  unquenchable.  His  skin  may 
become  cold  and  clammy  and  the  pulse  very  weak.  Cramps  may  occur  in 
the  feet  and  in  the  calves  of  the  legs.  The  disease  runs  a  rapid  course. 
The  acute  symptoms  may  subside  in  a  few  hours.  The  attack  seldom  lasts 
more  than  12  hr.  Recovery  is  the  rule,  but  treatment  should  be  promptly 
applied. 

"Treatment. — Apply  a  large  mustard  plaster  to  the  abdomen.  Give  15 
drops  of  laudanum.  If  the  dose  is  rejected  (immediately  vomited),  try  it 
again.  If  it  is  still  not  retained,  then  try  two  tablets  of  Sun  cholera  mixture. 
If  vomiting  quickly  occurs,  then  inject  into  the  rectum  by  means  of  a  glass 
or  rubber  syringe  about  20  drops  of  laudanum  mixed  with  a  little  thin  starch 
or  a  little  water.  The  rectal  injection  should  be  given  immediately  after 
an  evacuation,  and  the  patient  should  be  instructed  to  hold  it  as  long  as 
possible.  In  whatever  way  the  remedy  is  given,  the  dose  should  be  repeated 
in  about  one  hour  if  the  vomiting  and  purging  continue. 

"If  must  not  be  forgotten,  however,  that  all  these  remedies  contain  opium, 
and  that  if  the  patient  is  inclined  to  sleep  or  shows  other  constitutional 
effect  of  the  drug  the  dose  must  not  be  repeated. 

"The  nausea  and  thirst  may  be  controlled  by  cracked  ice  placed  in  the 
mouth.  Small  quantities  of  carbonated  water  may  be  allowed.  If  the 
thirst  is  very  urgent  a  tablespoonful  of  iced  water  may  be  given  at  short 
intervals. 

Poison  Ivy 

"Treatment. — Bathe  with  salt  water  or  a  boric  acid  solution,  1  teaspoonful 
in  a  glass  of  hot  water.  Open  the  large  blisters  and  let  the  water  out. 
Every  day  bathe  the  infected  areas  with  warm  water,  dry  without  rubbing, 
and  apply  the  boric  acid  solution. 
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Sunstroke 

"Cause. — Prolonged  exposure  to  strong  rays  of  the  sun  or  high  humid 
temperature. 

"Prevention. — Proper  head  and  spine  protection  under  tropical  sun  and 
avoidance  of  travel  under  extreme  conditions  of  heat.  Drink  water  sparingly. 
Oatmeal  water  in  small  quantities  quenches  thirst. 

"There  are  two  varieties  of  trouble: 

"1.  Heat  stroke   (heat  fever),  in  which  the  body  temperature  is  high. 

"2.  Heat  prostration,  in  which  the  surface  of  the  body  is  cool,  sometimes 
below  normal. 

"  The  difference  is  very  important  as  the  treatments  are  radically  different. 

"Symptoms  and  Treatment.  Heat  Stroke. — Severe  cases  the  victim  may 
fall  unconscious  and  die  instantly.  The  usual  case  manifests  intense  headache, 
dizziness,  nausea,  vomiting  and  hot  skin.  Temperature  may  reach  i05°F. 
Pulse  full  and  may  be  either  slow  or  rapid.  Patient  sinks  into  stupor  and 
unconsciousness.     They  recover  under  treatment  or  die  within  24  hr. 

"Treatment. — Reduce  temperature  of  body  at  once  by  cold-water  bath, 
ice  pack  on  head  till  temperature  of  body  as  shown  by  a  thermometer  in  the 
rectum  is  reduced  to  ioo°F.  If  the  temperature  rises  again  repeat  the 
treatment. 

"If  the  patient  is  exhausted  after  the  reduction  in  temperature  give  3-4 0 
gr.  strychnine  sulphate. 

"Heat  prostration  with  a  cool  skin  and  weak  rapid  pulse  stimulants  are 
required.  Wrap  patient  in  blankets,  hot-water  bottles  at  feet  and  around 
abdome-n;  give  3-4  0  gr.  strychnine  sulphate.  If  head  is  hot,  cold-water  pack 
can  be  applied  to  head  only.  If  vomiting  occurs  inject  hot  salt  water 
solution  into  rectum  (1  tablespoonful  of  salt  to  1  pint  of  water)." 
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Most  used  reference  shown  by  black  face  type  for  page  numbers. 

The  italic  type  for  page  numbers  indicates  that  the  reference  is  in  the  second 
volume  where  purchaser  has  the  two  volume  edition.  Volume  I  contains 
pages  i  to  746;  Volume  II,  pages  747  to  1722. 


Abrasion 

Allowable  values 

Bituminous  concrete  aggregate, 
492 

Brick  paving  block,  720 

Cement  concrete  aggregate,  456, 
1383 

Macadams,  440,  446,  713,  1383 

Stone  block,  1405,  1482 
French  coefficient  of,  706 
Percentage      of      loss      (Ordinary 

rocks),  709 
Tests  for 

Brick,  716 

Crushed  stone,  706 

Gravel,  742 

Sand,  739 

Stone  block   (Same   as  crushed 
stone) 
Absorption  (Test  for) 
Paving  brick,  510,  720 
Stone,  707,  741 
Abutments 
Cost 

Detail  data,  1229 

Estimate  forms,  1150-1154 

Quick  estimating  diagrams,  310, 
648,  758,  762 
Design  {see  also  Bridges),  207,  1046 
Examples  of,   241,   246,   258,   265, 

284,  293,  294 
Forms 

Design,  1026,  1052 

Examples,  1343-1353 

Removal.  1275,  1347,  1531 
Finishing,  1531,  1277,  1361 
Foundations    {see    also    Bridges), 

207,  1051 
Lengths,  241,  258,  293,  317,  318 
I  nspection ,  1 334-1 368 
Quantities  required,  241,  246,  2s8, 

26s,  284,  758,  762 
Specifications,      245,      261,      289, 

1 508-1533 
Accidents  (First  aid),  1690-1718 
Accidents  (Highway) 
Causes  of 

Ordinary  highway,  34,  606 

Railroad  crossing,  606 
Location  of,  34 

Prevention  of    {see   Safety   provi- 
sions), 33,  606 


Accuracy  (Degree  required) 
Office  work 

Alignment,  945 
Cross  sections,  947 
Planimeter  areas,  969 
Profile,  947 
Topography,  946 
Surveys 

Chaining,  832,  942 
Curves,  855,  888,  890 
Levels,  833,  906,  909,  942 
Meridian  determination,  912 
Stadia,  852,  932 
Topography,  836 
Adhesiveness  Test,  723,  729 
Adjustment  of  Instruments,  852 
Administration 

Principles  of,  1-73 

Cost  of  highways,  7,  9,  10,  16, 

65,  520 
Current  practice,  1 
Economy  (Field  for),  1,  52,  55, 

747 
Organization,  49,  552,  1271 
Pavements  (General suitability ) , 

6,  40,  .585,  962 
Progressive     Improvement,     2, 

586 
Summarized  general  principles, 

72 
Safety  of  traffic,  33 
Tax  problem,  17 
Traffic  requirements,  26 
Value  of  highways 
Economic,  1,  3,  10 
Intangible,  1,  3,  4 
Volume     of     traffic     and     road 
capacity,  6,  28 
Adverse  Grades  {see  Grades),  no 
Age  of  Pavements  {see  Life  of  pave- 
ments), 531,  53s 
Alignment       (General      discussion), 
113-121 
At  bridge  approaches,  634 
"    Hair-pin  turns  (Switchbacks), 

121,  950 
"    Hills,  117,  120,-634,550 
"    Railroad  grade  crossings,  609, 
630,  634 
Dangerous    alignment,    114,    631, 
632 
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Alignment  (General  discussion) 
Effect    on  construction  cost,  119 
"    crown     of   pavement, 
124,  956 

"  grade,  117,  "8 
"location  surveys,  82 
"  loads  (Horse  traffic),  117 
motor  operation  cost, 
118 

"    sight  distance,  114 
"        "   width  of  pavement,  116, 
130,  958 

"        "      "    right  of  way, 

177 

Effect   on    width   of  section,    115 

Effect  on  vehicle   clearance,    130 

Encroachment  of  long  wheel  base 

rigs,  116 
Minimum  radii  (current  practice) , 
116 

(recommended 
practice),  6,  8,  120,  950 
Office  methods.  944 
Principles  of  location,  82 
Sight  distance  requirements,  7,  9, 

114.  177 
Switchback   alignment,    121,    960 
Summary  of  alignment  practice, 

82,  120,  634,  950 
Survey  methods,  831 
Alternate  Designs 

Examples  of,  642,  647,  1095 
Value  of,  747.  943 
Altitude 

Barometric     determination,     782 
Refraction  corrections  solar  obser- 
vations, 928 
Amiesite  Pavement   (see  also  Bitu- 
minous Concrete) 
Amounts  of  material,  497,  1186 
Cost  data,  1185 
Description,  496 
Materials,  497 

Suitability,  6,  8,  47,  49i»  598 
Specifications,  1465 
Amounts  of  Materials 

Required  for.      (See  also  type  of 
Pavement  or  Structure) 
Pavements 

Amiesite,  497,  1186 
Bituminous     concrete,     496, 
1138,  1143 

macadam,    446, 
114S 
Brick  pavements,  511,  1214, 

1146 
Concrete    (Portland  cement), 

461,  1092,  1145 
Gravel  roads,  356,  433,  1134, 

1139 
Macadam  foundations,  429- 

437,  441,  1184,  1136 
Sand  clay  roads,  347.   1447 
Waterbound  macadam,  441, 
1140 
Structures 

Concrete.     466,     495.     1092, 

1151 
Steel,      313.      652,      760-763 


Amounts  of  Materials,  Required  for, 
Structures 
Timber,  294-307,  798 
Aneroid  Barometer,  782,  81 7 
Annual  Charges  (General) 
Bonds  (finance),  23 
Construction  (contractor's  equip- 
ment), 1238-1265 
Maintenance 

Bridges,  210,  1231 
Pavements,  7,  9,  65,  520 
Railroad  crossing  protection,  600 
Reconstruction      of      pavements, 

65,  520 
Survey     and     camp     equipment, 
894,  902 
Apportionment  of  Funds,  1,  72 
Arches  (Reinforced  Concrete) 
Axis  (trial  shape  of),  1086 
Cost  of,  322,  1152,  1154 
Design  specifications,  326,  1C85 
Examples  of,  248,  249 
Forms  for,  examples,  1 350,  1 520 

Removal  of,  1147 
Foundations  for,  207,  1051 
Inspection  of,  1337-1368 
Joints  (construction),  1357 
Specifications  (construction), 

1496-1533 
Test      of      stability      (empirical), 

1085 
Thickness      (trial     value),      1087 
Use   of    (proper   economic),    20s 
1005 
Areas 

Methods  of  Computing 
Formulae,  1576 
Planimeter,  969 
Scaling,  970 
Rt.  of  ways  (Land  Areas) 

Double  meridian  distance,  1093 
Planimeter,  969,  1093 
Units  of  measure,  1573 
Arid  Region  Roads,  365 
Artillery  Loads  (Military),  202 
Asphalt  (see  Bitumens) 
Asphalt  Block  Pavement 
Construction  methods,  513 
Cost 

Detailed  data,  1208 
General  comparative,  513 
Description,  513 
Design 

Current  practice,  513  _ 
Recommended    practice,     514. 

515 
Theoretical  design  of  base,  392. 
427,  427.  960 
Durability  of  pavement  surface. 

513.  535 
Economic  limitations  of  use,  58, 

5*3,962 
Failures  cause  of,  428 
Grade  limitation,  425,  962 
Maintenance 

Cost  and  methods,  569,  542 
Materials 

Amounts  required,  515 

Specifications  for,  513,  1406 
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Asphalt  Block  Pavement,  Materials 
Suitability  of,  513.  5*5.  1406 
Tests  and  sampling,  756 
Specifications,  1406,  1474 
Suitability  of  pavement,  58,  513, 

962 
Yearly  cost,  542 
Asphalt  (Kentucky  rock) 

Cost  data,  1183 
Asphalt  Pavement    (Sheet,    Topeka 
mix,  etc.),  491-506 
Aggregates,      grading      of,      492, 

1823,  1438,  1459-1470 
Concrete    foundation,    418,    497, 

960 
Cost  of 

Detail  data,  1187 
Estimate  forms,  1138,  1142 
General  data,  65,  491 
Crowns,  124,  504,  950,  957 
Design  of,  492,  497,  1319 
Durability  (Life),  5 20,  535 
Economic  limitations  of  use,  40- 

48,  58,  491,  579,  585,  962 
Failures  (Common  causes),  428 
Inspection  of  construction,  1313 
Limitations  of  use,  425,  428,  491, 

579,  585,  962 
Materials   (Amounts),  495,  1138, 
1142 

(Suitability),  492,  1386, 
1388 
Maintenance 

Cost,  65,  491,  520 
Methods,  564 
Specifications,  1386,  1388,  1435, 

1459 
Weight 

Surface  mix,  496,  1459 
Black  base,  496 
Yearly  cost,  65,  491,  520 
Asphaltic  Concrete  Pavements   (see 

Bituminous  concrete),  491-506 
Authority  of  Inspectors,  1271 
Automatic      Signals      at      Railroad 
Crossings 
Cost,  600,  602 
Effectiveness,  600,  602 
Financing,  601 
Specifications,  621 
Types  of  signals,  621 
See    also    Railroad    grade    cross- 
ings 
Automobiles    (Their  effect   on   gen- 
eral  policy   and   detail    design) 
Accidents    (Causes  and  locations) , 

33,  606 
Character  of  Traffic 

Range  of  travel  (local  and  long 

distance),  38 
Speed,  regulation  of,  28,  37,  371 
Types  of  hauling,  26 
Volume,    comparative    amount 

local,  37 
Volume,  growth  of,  28 
Weight,  regulation  of,  28,  370 
Cost  of  Operation 

Effect  of  alignment,  118 

"   grade  design,  12,  93 


Automobiles,  Cost  of  Operation 

Effect  of  location  problems  74- 
80 

"    pavement  surfaces,  11 
Effect   on  pavement   selection, 

11 
Inefficient  operation,  96 
Cost    of    maintenance    per    vehicle 

mile,  18 
Emergency  stops,  1 14 
Gasoline  consumption,  18,  68,  96 
Gasoline  tax,  68 
License  Fees 

Amount  required,  17-22 
Reasonable  use  of,  17 
Safety  of  Operation  (Requirements 
of),  33-37 
Crown,  one  way,  7,  9,  33,  124 
Curves,    easy   alignment,    6,  8, 
120,  950 

"     ,  superelivation,  7,  9,  33, 
124,  956 
Ditches,  shallow,  142 
Guard  rail,  7,  9,  33.  676 
Illumination,  699 
Pavement    surfaces,    428,    585, 

962 
Pavement  widening,  130,  958 
Railroad   crossings,   elimination 

of,  599 
Section,  shape  and  width,  130, 

951 
Sight  distance,  6,  8,  114,  950 
Signs,   danger  and  guide,   599, 

609,  687 
Vertical  curves,  no,  634,  965 
Tax  Burden  (General  principles) ,  1 7 
Trucks 

Effect  on  design,  370 
Effect  on  general  policy,  26 
Operation    costs,     n,    96-101, 

1163 
Regulation   of   (Speed,    weight, 

height,  length),  28,  371 
Tax  burden,  17 

Types  suitable  for  various  uses, 
26-28 
Wheel  Loads 

Impact,  202,  372,  1040 
Recommended     design     loads, 
200,  370,  1039 

Backwater  Head,  196,  1025 
Balanced  Sections 

Examples,  162,  786 

Quantities,  786 
Banking  Curves 

Grading  shapes,  127,  953 

Layouts  at  curves,  128-129,  599 

Pavement  superelevation,  124,956 
width,  132,  958 

Practical  rules,  125,  127,  956 

Theoretical  discussion,  124 

Use  of,  7,  9,  124,  956 
Bar  Reinforcement    (see  Reinforce- 
ment) 

Sizes  and  weights,  1061 

Specifications,  1412 

Splicing,  1412 
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Barometer  Altitudes,  782,  81  7 
Base  Line  (Survey  of),  88 1,  905 
Base  Pressure  (Foundations) 
Distribution  of,  1045 
Intensity  of  (Safe),  208,  1051 
Diagrams  of,  1027,  1046 
Batter  Piles 

Necessity  for,  1343 
Beams 

Depth  ratio  (Deflection),  1061 
Formulae  for  flexure,  1028 
Safe  loads  concrete  beams,  1072- 
1074 

"      "    steel   beams,  1062-1067 
"      "     timber  beams,  1076 
Deflection 

Formulae,  1028 
Table,  1077 
Bearing  Power  of  Soils 
Bridges,  208,  1051 
Pavements,  374 
Beautifying     the     Highway      (Tree 

planting),  177 
Bench  Levels  {see  Leveling) 
Bench  Marks,  833,  906 
Bench    Sections    (Mountain  roads) 
Examples,  165,  793 
Quantities,  798 
Binder  (Asphaltic  concrete) 
{See  Bituminous  concrete) 
Cost,  1 138,  1 187 
Grading,  400-504,  1880,  1487 
Materials 

Amounts,  495.  1188,  1187 
Suitability,  492,  1386,  1437 
Specifications,  1386,  1436 
Weight,  496,  1138 
Bito  Slag  {see  Bituminous  concrete) 
Bitulithic  Pavement  (Warren  Bros.) 

{see  Bituminous   concrete) 
Bitumens 

Amounts  required 

Bituminous  concrete,  495,  1138, 
1148,  1438,  1459 

macadam,  446,  1142, 
1458 
Cold  patch  repair,  558 
Joints,  511 

Oiling  (Surface),  561,  1221 
Cost  of  applying  as  binder,  1 1 4%, 

1169 
Cost     of     applying     as     surface 

treatments,  562,  1221 
Maintenance  use,  561,  1221 
Properties  of 

Specifications,  1888 
Sampling,  753,  1814 
Suitability  and  Specifications 

Bituminous  concrete,  492,  1899 
Bituminous      macadam,      446, 

1 899 
Cold  patch  repair,  558,  1399 
Joints,  511.  1401 
Oiling  (Surface),  563,  1399 
Tests  for 

Adhesiveness,  723 
Ductility^  729 
Evaporation,  729 
Flash,  727 


Bitumens,  Test  for 
Penetration,  728 
Solubility,  730 
Specific  gravity,  727 
Use  of  for 
Binders,  720 
Cracks.  565 
Joints,  511 

Oiling  (Surface),  561,  720 
Volume  at  different  temperatures, 
754 
Bituminous     Concrete     Pavements, 
491-505 
Concrete  base  for,  418,  426,  497, 

960 
Construction  methods,  1313 
Cost 

Detail  Data,  1187 

Estimate    forms,    1138,    1142, 

1187 
General  comparative,  66,  491 
Design 

Current    practice,     491-505, 

I486,  1459 
Recommended  practice,    418, 

426,  492,  960 
Theoretical  surface  mixtures, 
491-505 
Base  courses,  491-505 
Durability  of  pavement  surface, 

49L535 
Economic    limitations    of    use, 

491,  962 
Equipment     for    construction, 

1264 

Failures  (Common  causes),  428 

Grade  limitations,  425,  962 
Inspection  details 

Culverts,  1273 

Grading,  1288 

Pavement,  1313 
Maintenance 

Costs,  491,  520-S44 

Methods,  505,  564 
Materials 

Amount  required,  495 

Sampling,  181 4 

Specifications  for,   I486,   1388, 
1886 

Suitability  of,  492 

Tests  for  {see  Specific  material 
used) 
Reconstruction,  579-598 
Specifications,  I486,  145<) 
Suitability  of  pavement   ("general 

conditions),  40,  491,  579,  962 
Bituminous       Macadam       (Mixing 
method,    open    mix)      {see    Bitu- 
minous concrete) 
Bituminous     Macadam     Pavement 

(Penetration  method),  443-449 
Construction  methods,  1291-1  299 
Cost  of 

Detail  data,  1156-1178 

Estimate  forms,  11 41 

General  data,  65,  443,  662 
Crowns,  124,  448,  950 
Depths    recommended     (different 

soils),  391,  959 
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Bituminous     Macadam     Pavement 

(Penetration  method) 
Description,  443 
Design 

Current  practical,    149,  445 

Recommended     practice,     390, 
444,  959 

Theoretical,  366-391 
Durability   of  pavement   surface, 

444.  S3i 
Equipment       for       construction, 

1243-1264 
Examples  of  current  practice,  149, 

445 
Failures,  common  causes,  428 
Inspection  of  construction 

Culverts,  1273 

Grading,  1288 

Pavement,  1291-1299 
Life  of  pavement,  444,  531 
Limitations  of  use 

Economic,  40,  58,  443,  586,  962 

Physical,    101,    425-428,    962 
Maintenance 

Costs,  65,  444,  519-544 

Methods,  448,  557 
Materials 

Amounts  required,  446,  1132- 
1143 

Specifications  for,  1383 

Suitability  of,  446,  /  883 

Tests  for,  705-745 
Maximum  grades,  101,  425,  962 
Proper  use  of  flexible  pavements 

Location,  6-9,  40,  443,  962 

Extent  (examples),  42 
Reconstruction,  570-598 
Specifications,  1458,  1383 
Suitability  of  pavement   (general 

condition),  6-9,  40,  428,  962 
Thickness    required    on    different 

soils,  390,  959 
Thickness  of  top  course,  448 
Typical  sections,  149,  160,  445 
Yearly  cost  of  upkeep,   65,  444, 
„.     510-544 
Bituminous  Surfacings 
Amounts  of  materials 

Bitumen,  561,  1221,  1223 

Cover,  561,  1221,  1223 
Cost  data,  562,  1221 
Description,  440,  561 
Methods,  561 
Relative  value  of  materials,  440, 

562 
Specifications,  1456,  1899 
Black    Base     {see   Bituminous   con- 
crete) 
Cost,  1138,  1187 
Design,  497,  1330 
Inspection,  1313 
Materials 

Amounts    required,    495 

Suitability  of,  492,  1386,  1388 
Specifications,  1326,  1436 
Weight  of,  496 
Blasting     (Small     boulders),     1180, 

1176 
Bleeding  (First  aid),  1702 


Block  Pavement 

(See  Type  desired) 

Asphalt 

Brick 

Stone 

Wood 
Bolts 

Weight  of,  1070 
Bond  Stresses 

Bar  reinforcement,  1035 
Bonds  (Highway  finance) 
Cost  of 

Serial,  19 

Sinking  fund,  19 
Terms  of 

Reasonable  length,   19,  601 

Yearly  retirement  budgets,    19 

Bottom   Courses    {see   also   Type  of 

construction  desired) 
Cost  of,   429-436,    1184-1138 
Depths  of  (see  Pavement  depths), 

389,  426,  959-960 
Design  of 

Flexible   Type,   366-391,  959 

Rigid  pavements,  392-427,  960 
Inspection  of,  1291 
Materials  (see  Type  desired) 
Types  (Description  and  specifica- 
tions) 

Black  base,  501,  i486 

Boulder,  430,  1431,  1425 

Concrete,  497,  1439 

Gravel,  430,  1430 

Macadam,  429,  1433 

Telford,  433,  1431 
Boulders 

Cost  of  sledging,  1176 
Boulder  Base 

Construction,  1291,  1426 

Cost,  430,  431,  1182,  1183 

Depth,  389,  390,  430,  959,  1291 

Design,  389,  430 

Examples  of,  149-161,  430,  439 

Inspection,  1291 

Materials 

Amounts    required,    430,    431, 
1132 

Suitability  of,  431,  432 
Specifications,  1425 
Suitability,  389,  430,  431 
Box  Culverts  (see  Culverts) 

Cost,  213,  675,   797,   1150,   1226 
Examples,  220-236 
Inspection,  1273 
Suitable  use,  212 
Types  of,  212 
Brick  Cube  Pavement  (McClintock) 
Cost  data,  518,  1184 
Description,  516,  585,  592 
Brick  Pavement  (Standard) 
Construction  data,  1830 
Cost  of 

Detail  data,  1210 

Estimate  forms,  11 46,  1214 

General  data,  65,  506,  662,  769 
Crowns,  124,  513,  950 
Cushion 

Cement  sand,  506-513,  1381 

Sand,  506-513.  1331 
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Brick  Pavement  (Standard) 
Description,  general,  506 
Design 

Current  practice,  153,  424 

Recommended      ",      426,  508, 
960 

Theoretical     (Base    thickness), 
42j,  426,  960 
Durability  of  pavement  surface, 

535      . 
Economic  limitations  of  use,   40, 

46,  428,   506,   585,  962 
Edging,  509 

Equipment  for  construction,  1243 
Examples  of  current  practice,  153, 

424    . 
Expansion  joints,  511 
Failures,  common  cause,  428 
Inspection  of  construction 

Culverts,  1273 

Grading,  1288 

Pavement,  1 330 
Life  of  pavement,  535 
Maintenance 

Cost,  519-544 

Methods,  569 
Mastic  filler,  1334 
Materials 

Amounts  required,    511,    1146, 
1214 

Specifications  for,    1387,    1 406 

Suitability  of,  508 

Tests  for,  716-745 
Proper  use  of  rigid  pavement,  40, 
428,  579,  962 

Location,  40,  428,  506,  962 

Extent  (example),  44 
Reconstruction,  588 
Specifications 

Cement     sand      cushion  type, 
1476 

Standard  type,  1476 
Suitability  of  pavement  (General 

conditions),    40,    46,    428,    506, 

585,  962 
Typical  sections,    153,    504,    509, 

590 
Yearly  cost  of  upkeep,  65,  519-544 
Brick  (Paving) 
Hillside,  513 
Properties,  508,  715 
Sampling,  755 
Specifications,  1406 
Tests,  716 
Bridges     (General   data),    180-334 
Economic   types,   205-213,    1005, 

1546 
Financing   (bond  terms),   26,  603 
General   costs,   310-326,   648-675 
Loadings,   6-9,   200,   1005,   1547, 

1039 
Roadway  widths,  6-9,  203,  1005, 

1545,  633 
Specifications      (general     design), 

6-9,  1005,  1545 
Bridges  (Small  span)  Detail  Data 
Condemnation  of,  211,  779 
Construction        of,        1334-1370, 
1492-1572 


Bridges   (Small  span)    Detail   Data 

Construction  of. 
Concrete  work 

Amounts  of  materials,  1092, 
1151,  495 

Finish,    1277,    1531,    1521 

Forms,     1343.     1626,     1518, 
1026 

Joints  (Location),  1357,  1528 

Order  of  placing,  1358 

Protection  of,    1517,   1531 

Speed  of  mixing,   1276 

Specifications,  1492-1572 
Foundations 

Soil  loads,  208,  1051,  1337 

Piles     "    (Design),  208,  1051 

Test  piles,  1338 
Equipment,  1264 
Inspection,  1334 
Records,  1100 
Specifications,  1492-1572 
Staking  out,  1334 
Cost  of 

Detail  cost  data,    1226-1231 
Estimate  forms,  1150-1 155 
Typical    cost    diagrams    (quick 

estimates),  310-327,  648-675 
Design  Data 

Abutments,  207,  241,  258,  284, 

293,  1046 
Channel  improvements,    181 
Clearances 

Debris,  186,  1025 

Ice,  186,  1025 

Portal,  203,  633,  1646 

Railroad,  633 
Concrete    ( Mix    required) 

Abutments,    245,    261,    289, 
1862 

Superstructures,      225,      240, 
257,  273,  1511,  1524 
Cost  of  design,  747,  776,  1004 
Discussion  of  design  (General), 

180-213,  1004,  1545 
Flood  flow,  186,  1021,  1026 
Floors 

Depth,  206,  1025 

Distribution     of     loads     on, 
1042,  1549 

Life  of,  1281 

Repair  of,  1231 

Surfaces,  210 
Forms 

Examples  of,  1343 

Loads   (Vertical),   1026,  1052 

Pressures  (Fluid),  1026,  1052 

Specifications,   1518,   1526 
Formulae      (General      design), 

1028,  1545 
Foundations 

Depth  of,  1051 

Distribution  of  base  pressure, 
1045 

Loads    (Safe    foundation) 
Soils,   208,    1051,    1337 
Piles,  208,   1051 
Loads  (Superstnictnres) 

Dead,  199,  1038 

Live,  6,  8,  200,  1039 
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Bridges  (Small  Span)   Detail   Data, 
Design  Data,  Loads  (Super- 
structures) 
Impact,  202,  1040 
Distribution  of,  203,  1042 
Location  of  structure,  181 
Piers,  207,  1005 
Plans  (Typical),  1006 
Roadway  widths,  6,  8,  203,  633. 

1006,  1546 
Scour,  protection  from,  211 
Strength  of  materials,  203,  1033 
"  structural  units,  203 
Stresses  in  materials,  203,  1034 
Superstructures  (Economic 

type),   6,   8,   205,   1005,  1546 
Tables  of  design  data,  1026 
Dismantling  old  steel,  1231 
Examples  of  current  practice 
Abutments 

Concrete,  241,  258,  284,   293 
Pile,  294,  298,  302,  303,  308 
Timber,   294,    298,   302,   303, 
307 
Superstructures 
Concrete 

"        arches,  248-250 
"        girders,  251 
"        slabs,  237-248 
"        tee  beams,  252 
"        trestles,  308 
Steel 
"  I     beam    stringers,    265- 
283 

"        girders,  290 
Timber 

"       queen  post,  302 

king  post,  301 
"       stringer,  294,  298 
trestle,  303,  307 
Inspection  of  construction,  1334 
Maintenance  and  life  of,  210,  1231 
Plans  (Typical),  1 006 
Repair  of  old  bridges 
Cost,  1231-1237 
Painting,  210,  1231 
Strengthening,  779 
Specifications,  1492-1572 
Surveys,  942 

Utilization  of  old  structures,   210, 
1013 
Bruises,  1699 
Brush  Mattress,  1500 
Burke-Ziegler  Formulae  for  Runoff, 

188 
Burns  and  Scalds,  1708 
Busses  (see  Automobiles) 
Effect  on  bridge  widths,  203 
Effect  on  pavement  width,  130 
Operation      cost       (Relation      of 
items),  99 

pavement  sur- 
faces, 11 
Rear  wheel  encroachment,  116 
Widths   and   clearances,    130— 141 

Cable  Guard  Rail 
Cost,  662,  769,  1156 
Examples,  679,  680 
Specifications,  1414,  1489 
Use  of,  6-9,  37,  676 


Calcium  Chloride 

Cost  data,  1220 

Description,  561 

Use  of 

In  concrete,  486 
On  macadam,  561,  1220 
Camber 

Concrete  bridges,  240,  257,  1348 

Steel  bridges,  1561 
Camera    (Notes    on    photography), 

818 
Camp  Equipment 

Depreciation,  902 

Lists  of,  894-904 
Capacity    of    Bridges     (.Volume    of 

traffic),  203,  1005 
Capacity     of     Culverts      (Flow     of 

water),  194.  1082 
Capacity   of   Ditches   and   Streams, 

334.  195 
Capacity   of  Highways    (Volume  of 

traffic),  6-9,  28,  958,  959 
Capillary  Rise  of  Water  in  Soils,  375 
Car  Tracks  (see  Track) 

Examples,  154,  175,  176,  643 

Cost,  662,  769 
Cast  Iron 

Specifications,  1413 

Weight,  1038 
Cast  Iron  Pipe 

Cost,    213.    661,    675,    797,    1148 

Culverts 

Examples  of,  219 
Inspection  of,  1273 

Dimensions,  1079 

Flow  capacity,  194 

Specifications,  1409,  1567 

Weight,  1079 
Catch  Basins  (see  also  Manholes) 

Examples  of,  689-695 

Grates  for,  689-695 

Specifications,  1487 
Cattle  Guards,  699 
Cattle  Pass 

Clearances  for,  699 
Cement  (Bituminous)  (see  Bitumens) 
Cement  (Portland) 

Amount  required  in  concrete,  466, 
485,  495.  1092 

"  grouting,  511, 
1213 

Cost  of  handling,  11 45,  1161 

Effect    on    strength   of   concrete 
485 

Properties,  734 

Sampling,  753 

Specifications,  735,  1387,  1388 

Tests,  735 

Weight,  1038 
Cement  Concrete  (see  Concrete) 
Cement    Concrete    Pavements    (set: 

Concrete  pavements) 
Cement  Sand  Cushion 

Asphalt     block     pavement,     514, 

1474 
Brick  pavement,  507.,  1331,  1476 
Stone  block  pavement,  516,  1482 

Census  (Traffic),  32 

Center   of   Gravity    (Plane   figures) 
1031 
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Center  Line 

Design  (see  Alignment) 
Mapping,  944 
Survey,  831,  905 
Chaining  [see  also  Base  line) 

Accuracy  required,  832,  942 
Channel    Improvements    (Streams), 

181,  1004,  1500 
Circles,  Areas  and  Circumferences, 

1580 
Classification  of  Roads 

For  administration,  6-9,  46 
"     design    and   pavement   selec- 
tion, 6—9,  46 
By  location,  46 
By  traffic  census,  6-9,  33,  959 
Examples  of,  33 
For  maintenance  and  renewal,  46, 

524 
Examples  of,  536 
Clearances 
Bridge 

Debris  and  ice,  186,  1025 
Roadway,  203,  1006,  1646 
Portal,  203,  1546 
Vehicle 

Curves,  130 
Tangents,  130 
Vertical,  203 
Railroad 

Horizontal,  633,  642 
Vertical,  633 
Clearing  and  Grubbing  (Trees  and 
brush) 
Areas,  796 
Cost  of,  796 
Objects  of,  177 
Specifications,  1420 
Widths  of,  177-179 
Cobble    Gutters,    335.    688,    1156, 

1217 
Cold  Patch 
Materials 

Amounts,  558 
Suitability,  558 
Methods  of  using,  558 
Specifications,  558,  1399 
Use  of,  557 
Columns 

Strength  of  timber  long  columns, 
1078 

"       concrete 
1035 
Compaction  of  Earth  in  Fills,  995 
Compass  Variation  from  True  North, 

799-806 
Compensation  of  Grades  at  Sharp- 
Curves,  6-9,    117,   118,  634,  949 
Concrete  Beams  and  Slabs 

Safe  loads,  1072-1075 
Concrete    (Bituminous)     (see    Bitu- 
minous concrete) 
Concrete    (Portland   cement)    (Gen- 
eral data) 
Aggregates 

Amounts    required,    466,     495, 

1092,  1145,  1161 
Cement,  734,  456,  1387 
Gravel,  740,  456,  1385 


Concrete  (Portland  cement) 

(General  Data)  Aggregates 
Sand,  735.  456,  1386 
Specifications,  1383-1388 
Stone,  740,  456,  1383 
Suitability,     456,     740,     1383- 

1388 
Water,  739,  1092 
Amounts    of    material    required, 

466,  495,  1092,  1145,  1151 
Cost    data    (see    also    Cost    data 

index),  661,  765,  1125 
Design  of  mixes 

Aggregate   (Fineness  modulus), 

470-484.  489 
Cement  content  (Effect  on 
strength  and  porosity),  485, 
464,  488,  489.1362, 1511, 1625 
Curing  (Effect  on  strength),  475, 
490 

"       (Methods),    1309,    1861, 
1681 
Mix  (Time  of),  475.  1276,  1512, 

1627 
Water  content,  490,  475,  1092, 
1527 
Finishing,       1277,      1361,      1531 
Forms 

Examples  of  1343 
Removal  of,  1275,  1847,  1531 
Specifications,  1518 
Inspection,      1275,      1299,     1343 
Mixing  and  placing,  1276,  1304, 

1470,  1512 
Protection    from    sun    and   frost, 

1309,  1470,  1681 
Reinforcement  (see  Reinforcement) 
Sampling     for     tests,     743,     753 
Specifications,    462,    1470,    1608, 

1523 
Weight  of,  1038,  1547 
Working     stresses,     1033-1036 
Concrete  Arches   (see  Arches),  20-, 
248,    322-326,    1005,    1085-1087, 
1520 
Concrete  Bridges  (see  Bridges) 
Concrete  Culverts 
Design  of 

Area  of  waterway  ,186,  1021, 

1022.  1004 
Cleaning,  196 

Concrete  (Mix  used),  225,  1158 
Cost,  675,  797,  1163,  1226 
Cushion  over  top,  199.  1566 
Discharge  capacity,  194 
Inspection  of.  1275 
Invert  elevation,  197 

"    grade,  197 
Length,  203 
Loads,  199,  1039,  1547 
Location  layouts,  181 
Roadway  width,  203 
Special  conditions,  196-198 
Specifications,  1508 
Types  in  use 

Examples,  212-236 
Selection  of  economic,  212 
Concrete  Foundations   (Pavements) 
Cost,  662,  1138 
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Concrete  Foundations  (Pavements) 
Depth,  426,  960 
Design,  392-427,  960 
Inspection,  1299 
Materials 

Amounts,      495,      1092,      1138 

Suitability  of,  492,  138S,  1439 
Specifications,  1439 
Concrete  Guard  Rail 

Cost  data,  662,  1156,  1216 
Description,  676 
Illustrations  of,  681 
Proper  use,  37.  676 
Concrete  Guide  Posts 
Cost,  662,  1156 
Examples,  680 
Concrete    Pavement    Hassam    (see 

Hassam  concrete) 
Cost  of,  1191 
Concrete  Pavements 

Construction       methods,       1299, 

1470 
Costs  (General  comparative),  65, 

449 
Costs   (Detail),  1144,  1194-1210 
Design 

Current  practice,  455,  417,  960 

Depth      over      trenches,       417 

Recommended     practice,     450, 
960 

Theoretical     depths,     392-418, 
426,  960 
Durability  of  pavement  surface, 

535 
Economic  limitations  of  use,  40, 

46,  58,  449,  962 
Equipment       for       construction, 

1243-1269,  1144 
Failures     (Common    cause),    428 
Inspection  details 

Culverts,  1273 

Grading,  1288 

Pavement,  1299 
Maintenance 

Costs,  65,  449,  519-544 

Methods,  552-570 
Materials 

Amounts  required,   461,    1092. 
1145 

Specifications,  1383 

Suitabilitv      of,      456,       1383, 
1470 

Tests  for,  734-744 
Reconstruction,  579-598 
Sampling  for  tests,  743.  753 
Specifications,  462,  1470 
Suitability  of  pavement  (General 

conditions),    40,    46,    58,    428, 

449,  962 
Concrete  Piles 
Cost,  766 
Details  of,  1366 
Loads 

Design,  208,  1051 

Tests     for     safe     load,      1338 
Specifications,  1503 
Concrete  Pipe  (see  Reinforced  con- 
crete pipe) 
Cost,  1148,  1268 


Concrete  Pipe  (see  Reinforced  con- 
crete pipe) 
Specifications,  1410 
Weight     and     dimensions,      218, 
1083,  1411 
Concrete    Pipe    Culverts    (see    also 
Culverts) 
Cost,  1148,  1268 
Examples  of,  218,  1083 
Weights     and     dimensions,     218, 

1083,  1411 
Specifications,  1410 
Condemnation  of  Bridges,  211,  779 
Consistency     of    Concrete     (Slump 

test),  461,  744,  1511 
Construction  joints 

Concrete     bridge     work,      1357, 
1516 
Construction  of  Pavements 

Equipment  (see  Pavement  desired) , 

1243-1267 
Inspection  (see  Pavement  desired) , 

1271-1334 
Methods   (see  Pavement  desired) , 
1 420-1492 
Construction   of    Roads    (Notes    on 
Inspection) 
Bituminous  applications,  1296 
Brick  pavement,  1330 
Concrete  foundations,  1299 
Concrete    pavement     (Standard) , 

1299 
Culverts,  1273 
Grading,  1288 
Macadam  foundations,  1291 
Macadam  surfaces,  1295 
Topeka  mix  asphalt  (Bituminous 
concretes),  13 13 
Contraction  and  Expansion 
Coefficient  of 

Concrete,  498,  1053 
Steel,  1053 
Joints 

Cement     concrete    pavements, 
472,  1470 
Contract  Bonds,  1238-1242 
Contractors'  Equipment 

Concrete  roads,  1243-1264 
Macadam  roads,  1243-1264 
Contracts 

Estimates  for 
Costs,  747,  1119 
Quantities,  747 
Length  of,  51 
Policy  (General),  51 
Plans  for  (see  plans) 
Profit  on,  51,  1119 
Relations     engineers      and      con- 
tractors, 51 
Conversion  Tables 

Cubic  feet  to  cubic  yards,  97 4 
Feet  to  miles,  994 
General  units   (Linear,  areas  vol- 
umes, etc.).  1573 
Minutes  to  decimals  of  a  degree, 

859 
Inches  to  feet,  157 4 
Vertical  angles  to   %  of  grade,  796 
Corduroy  Roads,  362,  436 
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Corner  Load  (Formula),  394-427 
Corrugated  Metal 
Cost,  767,  797,  213 
Culverts,  216,  1568 
Dimensions,  1080 
Flow  capacity,  216 
Specifications,  1568 
Weights  and  sizes,  1072,  1080 
Corrugated  Metal  Pipe  Culverts  {sex 
also  Culverts) 
Costs  of,  1148,  767,  797,  213 
Example  of,  216 
Use  in  drive,  338 
Weights  and  sizes,  1080 
Cosecants  natural,  1616 
Cosines 

Logarithmic,  1653 
Natural,  1604 
Cost  (General  comparative) 
Bridges,  16,  310-326,  661-675 
Culverts,  675,  797,  11 48 
General  highway  costs,  7,  9,  16 
Maintenance,  65,  519-544 
Office  work,  747,  100 4 
Pavements,  65 

Preliminary  investigations,  7'49 
Railroad  crossing  protection,  599, 

661-675 
Surveys,  747,  749,  840,  893 
Yearly  fluctuation  of,  11 19 
Cost  of  Bond  Financing,  19 
Cost  Data   (Labor  and  materials  in 
detail),  1119-1270 
Amiesite  pavement,  1185 
Asphalt  block  pavement,  1208 
Asphalt  Topeka  mix,  1187,  1142, 

1138 
Bridges,  1150-1165,  1226-1235 
Brick  Pavement,  11 46 
Edging,  1211 

Expansion  joints,  1212,  11 46 
Grouting,  1212,  11 46 
Hauling,  1128,  1213 
Laying,  1146,  1212 
Materials,      amount      required, 

1210-1214,    1146 
Sand  cushion,  1212,  1146 
Unloading  brick,  11 46,      1213, 
1214 
Cobble  gutters,  1156,  1217 
Concrete  Culverts,  1 1 50-1 155,  /  226- 
1235 
Forms,  11 51,  1226 
Materials  required,  1151,  1092 
Mixing  and  placing,  1152,  1 
Concrete  foundations  (Pavemcn!) 
Materials  required,  1092,  11S8 
Mixing  and  placing,  1139 
Concrete  pavement  (Hassam),  1191 
Concrete  pavement  (Standard) 
Amounts    of    materials,     1092, 

1145 
Expansion  joints,  1145 
Finishing  and  curing,  1145 
Mixing  and  placing,  1145 
Plant    required    and   overhead, 

1144 
Trimming,  1127 
Water  supply,  1145 


Cost  Data  (Labor  and  materials  in 
detail) 
Guard  rail 

Concrete,  1156,  1216 
Wooden,  1156,  1216 
Kentucky   rock    asphalt  pavement, 

1183 
Macadam  roads 

Contractor's  plant,  1261 
Crushing  stone,  1130,  1172 
Excavation,  1126 
Hauling,  1128,  1162 
Loading  sand,  1161 
Loading  stone,  1161 
Puddling,  1171 
Quantities  of  materials,   1136, 

1168 
Rolling,  1142,  1171 
Spreading  bitumen,  1169 
Spreading     sand     filler,     1137, 

1168 
Spreading      screenings,      1140, 

1168,  1142 
Spreading  stone,  1137,  1167 
Stone  fill,  1182 
Sub-base      (Fieldstone),     1133, 

1183 
Unloading     stone     from     cars, 
1140,  1159 
Maintenance    and    repair,    1218- 
1226 
Calcium  chloride,  1220 
Distribution     of     maintenance 

costs,  1225 
Guard     rail,     resetting,     1156, 

1222 
Oiling,  1220 

Recapping  macadam,  1218 
Scarifying,  1218 
Painting  guard  rail,  1216 
Topeka  mix  (Bituminous  concrete) 
Black  Base,  1138,  1187 
Surface  mixture,  1143,  1187 
Cost  Estimates  (Preliminary) 
Bridges  and  culverts 

Quick  estimating  data,  310-326, 
661-675.  758,-764 
Grade  crossing  eliminations 

Quick  estimating  diagrams,  599, 
661-675 
Mountain  roads  (Pioneer) 

Quick      estimating      diagrams, 
786-800 
Pavements 

Construction,  65 
Maintenance,  65 
Renewal,  65 
Cost  estimate  forms  (Detail  costs ' 
Bridges    and    culverts,     1148- 

1156 
Highways,  1125-1148 
Cost   Estimate   Forms   and   Typical 
Cost  Estimates 
Bridges  and   culverts,  1148—1156 
Highway       construction       items, 

1125-1148 
Materials  (Production  of),  1130 
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Cost  of  Improved  Highway  (General 

comparative) 
Effect  of  pavement  type,  5,  65 

of  traffic  volume,  7,9,  10, 

16,  65 
Permissible  economic  limits,  16 
Cost  of  Motor  Operation   (see  also 

Automobiles) 
Distribution  of  items,  98,  1163 
Effect  of  alignment,  118 

"        "    grade,  12,  93 

"       "    pavement    surface,     n, 

68,  545 
Cotangents 

Logarithmic,  1653 
Natural,  1593 
Cross  Sections  (see  Sections) 
Areas  by  planimeter,  969 
Plotting,  947,  1106 
Survey  methods,  833,  909 
Templets  for,  962,  969 
Crowns    (see  also,  Individual  Pave- 
ment desired) 
"Banked"  crowns  on  curves,  124, 

956 
Effect  of  grade,  160 
Effect   of   pavement   width,    124, 

505,  957 
Effect   on   convenience   of  travel, 

123 
Examples     of     current     practice, 

146-174,  580,  955 
"       of  recommended  practice, 

146-174,  580,  950 
Maximum    and    minimum  limits, 

124,  950 
Normal  highway,  124,  950 
"One  way"  crown,  124,  160 
Ordinates  for  parabolic,  956 
Streets  (City  and  village),  505, 9 5 7 
Superelevation  at  curves,  124,  956 
Templets  for  construction,  1304 
Types  of  crown,  124,  950 
Crushed  Stone  (see  Stone) 
Crushed      Stone      Macadam      (see 

Macadam) 
Crushing  Stone 

Cost  data,  1130,  1172-1182 
Proportion  of  screen  sizes  of  out- 
put, 1173-1181 
Weights  of,  442,  1180,  1182 
Cube  Pavements 

General  description,  516 
See  also 

Durax,  516 

Kleinpflaster,  516 

McClintock,  516,  1183 
Cubes  and  Cube  Roots  (Table  of), 

1580 
Culverts,  (180-341) 

Cost  comparative,  213,675,  797 
Costs  (Detail),  1148-1155,  1226 
Design  of 

Area  of  waterway,  186,  1021 

Capacity,  194,  1082 

Cleaning,  196 

Cushion  over  top,  199,  1566 

Discharge  capacity,  194 

Invert  elevation,  197 


Culverts,  Design  of 
Invert  grade,  197 
Length,  6,  8,  203 
Loads,  6,  8,  199,  1038,  1039 
Location  layouts,  181 
Roadway  width,  6,  8,  203 
Special  conditions,  196 
Types  in  use 

Examples,  212-236,  1083 
Selections  of,  6,  8,  212-236 
Driveway  culverts 
Length,  338 
Location,  183,  338 
Size,  338 
Types.  338. 
See  also  cast  iron  pipe 

(concrete  culverts) 
(concrete  pipes) 
"      "       (corrugated  metal  pipe) 

log  culverts 
"       "        (vitrified    tile    culverts) 
Curbs 

Cost  of,  661,  1156 
Description,  681 
Examples  of,  174,  685,  686 
Specifications,  1404<  1488 
Radii  of  at  intersections,  681 
Curing  Concrete  (Effect  on  Strength) 

475,  490,  1361,  1309,  1531 
Curvature  (see  Alignment) 
Curves  (Survey  Data) 

Functions  of  i°  curve  (table  of), 

858 
Radii  for  different  degree  curves 

(table  of),  855 
Survey    problems     (solution  of), 
885-892 
Curves  (Alignment) 

At  bridge  approaches    (minimum 

radius),  634,  950 
At  hairpin  (switchbacks),  121,  950 
Banked,  7,  9,  124,  956 
Dangerous    alignment,    114,   631, 

632 
Effect  on  construction  cost,  119 
"    crown,  124,  956 
"   grade,  117,  118,  949 
"   location  surveys,  82 
"        "    motor  operation  costs, 
118 

"   sight  distance,  114 
"        "  width  of  pavement,  116, 
130,  958 

"        "       "        "    right   of   way, 
117 

"  section,  115 
Encroachment  of  long  wheel  base 

rigs,  ri6 
Examples  of  computing  notes  for 

staking,  885-892 
Functions  of  r°  curve  (table),  858 
Length    of     (computations),    858 
Methods  of  staking  out.  885-892, 

907 
Minimum    radii    (see    also   Align- 
ment) 
Current  practice,  116 
Recommended    practice,    6,  8, 
120,  634,  950 
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Curves 

Principals  of  location,  82 

Problems,  885-892 

Radii  of  (table),  855 

Sight  distance,  7,  9.  114.  177 

Switchbacks,  121,  950 

Summary    of   alignment  practice, 

82,  120,  634,  950 
Tangent  lengths,  859 
Tangent  offsets  (for  staking  out), 

907 
Vertical      curves      {see       Vertical 

curves),  no,  634,  964 
Widening  of  pavement  or  section, 

130,  958 
Cuts   (First  aid)    Bleeding,  1702 
Cuts  {see  also  Excavation) 
Inspection,  1288 
Staking  out,  1272 
Slope  stakes,  1272 
Stable  slopes,  145 
Ratio     cut     to     fill     (shrinkage), 

995 
Cut  Sections  (Excavation) 
Examples,  146-17 1,  951 
Quantities,  764,  786-795 

Danger 

Causes  of 

General  highway,  33-38 
Railroad  Xings,  606 

Prevention  of   {see  Safety    provi- 
sions) 
Danger  (Elimination  of) 

Alignment  practice,  6-9,  1 13-12 1, 
634.  950 

Banked    curves,     6-9,     124,    956 

Ditches  (Shallow),  142 

Grade     (Safe    descent),    6-9.    86, 
101,  962 

Guard  rail,  6—9,  676-681 

Illumination    at    night,    6-9,    699 

"One  way"  crown,  161 

Pavement  widening,  130,  958 

Pedestrian      traffic      segregation, 
6-9,  36,  634.  1006 

Railroad  crossings,  599-675 

Sight  distance,  6-9,  no,  114,  950 

Traffic    clearance     (Safe    width), 
6-9.  130 

Warning  signs,  6—9,  687 
Danger  Signs 

Examples,  612,  696 

Location  of,  607,  687 

Use  of,  7,  9,  687 

Cost,  600 
Debris    Clearance    (Bridges),     186, 

1025 
Declination 

Magnetic,  799 

Solar,  927 
Deflection  of  Beams 

Formulae  for,  1028 

Timber  beams,  1077 

Steel  beams  (Depth  ratio),  1061, 
1553 
Deformed  Bars  {see  Reinforcement) 
Depreciation 

Camp  equipment,  902 


Depreciation 

Contractors'    equipment,     1243- 
1264 

Pavements,  26 

Survey  equipment,  894 
Depth    of    Bridge  Floors,  206,  634, 

1025 
Depth       of       Foundations      (Small 

bridges),  209,  1051 
Depth  of  Pavements  (Thickness) 

Effect     of     trenches,     417,     420 

Examples  of  typical  sections,  146- 
161,  580,  953 

Recommended  depths 

Macadam  types,  391,  959 
Rigid  types,  426,  960 

Theoretical  design 

Macadam  types,  366-391 
Rigid  types,  366-378,  392-427 
Desert  Roads,  365 
Design  Details    {see  also  Types   of 
pavement  or  structure  desired) 

Alignment,     113-121,    634,    950 

Bridges,  180-310,  632-660,  1004- 
1087 

Culverts,      180-310,      1079-1084 

Drainage  ditches,  334 

Grades,  83-113,  949 

Location      of      highways,      74-83 

Minor  details,  676-704 

Pavements,  366-518 

Railroad  crossings,  599-675 

Sections,  122-179,  951 

Streets,  165-179,  690-695,  957 
Design     of     Highways      (General) 

Administrative    principles,    1-73 

Cost    of    office    work,    747,    943, 
1004 

Economic  principles,  52-73 

Speed     of     office     work,      110  4 

Value  of    alternate    designs,    747, 
943 

"  engineering,  50 

Reports  (Typical),  1095 
Detours 

General  practice,  2 

Signs,  696 
Deval    Rattler     (Stone    test),     706 
Dickens    Formula    for    Runoff    of 

Steams,  189,  1021 
Direction  Signs,  687,  1491 
Distance  (Value  of  saving) 

Principals  of  location,  12,  80,  82, 
Distance  Units  of  Measure,  1573 
Distribution  of  Loads 

On  bridge  floors,  1042,  1548 
"         "      foundations,  1045-1050 
"  pavement     "  378,  410 

at  joints,  405 

Distribution  of  Pressure 

Macadam  pavements,  378 

Joints  in  rigid  pavements,  405 
Ditches 

Capacity  of,  334 

Dangerous  ditches,  142 

Depth  of,  142 

Flow  of  water  in,  334 

Functions  of,  334 

Intercepting,  534 
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Ditches 

Protection  of  (see  Gutters)  335 

Relief  culverts  and  storm  sewers, 
182,  337,  669 

Safe  ditches,  142 

Value  of,  142-143 
Ditch  Linings  (see  Gutters) 
Ditch  Protection  (Gutters) 
Double    Meridian   Distance   Areas, 

1093 
Dowels  (Use  of) 

Concrete  pavements,  471 

Facing  old  masonry,  681,  685 

Bridge  abutment  ties,  241 

Culverts,  221,  222 
Drags  (Road  drags)  571 
Drainage 

Bridges  (Small  span)  180-334, 
1004-1088,  1150,  1334,  1492- 
1572 

Catch  basins,  687,  689 

Culverts,  180-334,  1004-1088, 
1150-1334 

Curb  inlet  basins,  690 

Ditch  relief  culverts,  182 

Ditches,  142,  334 

Driveway  culverts,  338 

Low  water  culverts,  197 

Manholes,  695 

Special  conditions,  196 

Storm  water  sewers,  337,  669, 
1149 

Survey  notes,  835,  911 

Underdrains,  338 

(see    also    Culverts    and    bridges) 
Drains 

Bridge  floor,  252,  291 

Under  drains,  338,  1156 
Drives 

Radii  of  L,  121 
Driveway  Culverts  (see  Culverts)  338 
Drop  Inlets,  680-690 
Drowning  (First  aid),  1713 
Ductility  (Test),  729 
Durability  of  Bridges,  1231 
Durability  of  Pavements  (see  Life  of 
pavements) 

Flexible  base  pavements,  531,  520 

Rigid   Base  pavements,   535,   520 

(see  also  Any  desired  type) 
Durax  Cube  Pavement 

General  description,  516 
Dust  Layers 

(see  Bitumens) 

(see  Calcium  chloride) 
Dustless  Screenings 

Use  of,  446,  1 458 

Size,  446,  1384,  H78 

Weight,  447,  1159 

Earth 

Bearing    power    of    bridges,    208, 
1051,  1337 
Pavements,  374 
Shrinkage  of,  995 
Weight  of,  1038 
Pressure  against  walls,  1043 
Earth  Excavation 

Computation  of,  971-993 


Earth  Excavation 

Inspection,  1288 

Slopes,  different  soils,  145 

Specifications,  1421 

Tables  of  amounts  and  volumes, 
972 

"        mountain  roads, 
786 

Ratio  excavation  to  fills  (Shrink- 
age), 995 
Earth  Roads 

Construction,  1288,  1444 

Cost,  general  comparative,  5,  344 

Crowns,  146,  160,  166,  159,  950, 
955 

Description,  344 

Examples  of  current  practice,  146, 
159,  160,  166,  345,  965 

Limitations  of  use,  344 

Maintenance,  347,  571 

Specifications,  1444 

Typical  sections,  146,  159,  160, 
166,  345,  955 

Yearly   cost   of   upkeep,    general, 
comparative,  347 
Economics  (General  highway) 

Administrative,  1-52 

Engineering  design,  52-73 
Alignment,  56,  113-121 
Grades,  56,  83-113,  963 
Pavements,  58-73 
Reconstruction,  579 

Financing 

Bond  terms,  19 
Economic  Value  of  Highways,  3-17 
Economy  in  Design  (Details) 

Alignment  (Effect  on  construc- 
tion cost),  119 

Drainage  (Economic  types  of 
bridge  and  culverts),  205-213 
1005 

Grades    (Effect    on    construction 
cost)  Adverse,  no 
Intermediate,  106 
Maximum,  103 
Minimum,  109 
Vertical  curves,  no 

Grading  widths  (Effects  on  con- 
struction cost),  143,  161 

Location  (Effects  on  construction 
cost),  74 

Materials     (Proper    use    of),     60 

Pavement  type,  59 
width,  59 
Economy  in  Design  (General) 

Desirability  of,  53.  747 

Field  for,  54,  747 

General  principles  of,  52-73,  747 

Limitations  of,  1 

Methods,  52-73,  747,  943 

Necessity  for,  53 

Tests  of  design,  55 

Value  of,  50,  943 
Edging,  Concrete,  492,  1211 
Elasticity,  Modulus  of,  1033 
Electric  Railroad  (see  Railroad) 
Electric  Shock  (First  aid),  1716 
Electric  Trolley  Track  Practice 

Typical  sections,  175,  154 
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Elimination     .of     Railroad     Grade 
Crossings     (see     Railroad     grade 
crossings) 
Embankments  (see  Excavation) 
Consolidation  of,  995,  1288 
Effect  on  pavement  depths,  374- 

377.  39i»  959.  960 
Inspection  of  construction,  1288 
Materials  suitable  for,  1289 
Ratio  cut  to  fill,  995 
Settlement  of  (Shrinkage),  995 
Stable  slopes,  145 
Specifications,  1421 
Emulsified  Bitumen 

Cold  patch,  558,  1395 
Encroachment    of    Rigs    on    Sharp 
Curves 
Effect  of  banked  curves,  124 
"        "  length  of  wheel  base,  116 
Engineering  (General) 
Cost  of,  747 
Value  of,  50,  747,  943 
Engineering  Design  (see  Design) 
Equipment 

Contractors,  1248-1264 

Office,  1103 

Survey 

Camp,  894-904 

Instruments,  782,  818,  831,  938 
Errors     (Allowable    limit    of)     (see 

Accuracy) 
Estimates 

Computation   and   tabulation   of, 

1087,  1112 
Cost  (see  Costs) 

Forms     for     (Detail     quantities'), 
1115 

"     costs,      1126- 
1156 
General  program 

Construction,  20,  65 
Maintenance,  519 
Evaporation  Test,  725,  729 
Excavation     (see    Earth    and    rock 
excavation) 
Amounts  required  (General  com- 
parative), 786 
Cost  of,   661,   768,   1126,   1156, 

1228 
Cut  and  fill  profile  design,  83, 

103,  963 
Side  hill  balanced  sections,  104, 

162,  787 
Effect  of  alignment,  119 

"       "    grading     width,     143, 
161,  786 

"  intermediate     grades, 
963 

"       "    maximum  grades, 

103 

"       "    slopes,  145,  787 
Inspection,  1288 
Shrinkage  in  fill,  995 
Slopes  (Stable),  14s 
Slope  stakes,  1272 
Staking  out,  1272 
Expanded  Metal 
Specifications,  1413 
Weights  and  dimensions,  1060 


Expansion 

Coefficient  of 

Concrete,  498,  1053 
Steel,  498,  1053 
Expansion  Joints 

At  curbs,  512 

Brick  pavements,  512 

Bridges,  275,  292 

Concrete  pavements,  472 

Stone  block,  515 

Retaining  walls,  677 
Externals 

Of  i°  curve  (Table),  858 
Eye  Injuries,  1699 

Failures  (Common  causes) 

Asphalt  block  pavement,  428 

Asphalt  pavement,  428 

Bituminous  macadams,  428 

Brick  pavement,  428 

Concrete  pavement  (Hassam),  428 

Concrete    pavement     (Standard), 
428 

Stone  block  pavement,  428 

Waterbound  macadam,  428 
Failures  (Pavements) 

Common  causes,  428, 

General  "      ,  41,  366-370 

Falsework  (see  Forms) 
Fees  (Auto  license) 

Amounts  required,  17-26 

Proper  use  of,  4,  17,  72 

Tax  burden  distribution,  17,  72 
Fences 

Cattle  guards,  699 

Guard,  676,  1156,  1216,  1489 

Property  line,  700 

Roadway,  700 

Snow,  700 
Fillers 

Bituminous  for  block  pavements, 
506-513,  1334,  1401 

Cost  data  (see  Cost  data  index) 

Grout  (see  Grout) 

Macadam  roads   (Screenings  and 
sand),  715,  H68 
Fills  (Embankments) 

Consolidation  of,  1288,  995,  1421 

Effect  on  pavement  depths,  374- 
377,  39i»  959 

Inspection  of  construction,  1288 

Materials  suitable,  1289,  1 421 

Ratio  cut  to  fill,  995 

Settlement  of  (Shrinkage),  995 

Slope  stakes,  1272 

Slopes  (Angle  of  repose),  145 

Specifications,  1421 

Stable  slopes,  145 

Widths,    133.   146-159,   164,   951- 
955 

See  also  Excavation 
Fill  Sections 

Examples,  146-161,  166-171.  951 
Financing  (Highway  improvements) 

Bonds 
Cost  of 

Total,  19-26 
Yearly,  19-26 
Serial  bonds,  19 
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Financing  (Highway  improvements) , 
Bonds 

Sinking  fund,  19 

Yearly     retirement      amounts, 
19-26 
Contractors  bonds,  1238 
Construction,  19 
Effects   of    methods    of   financing 

on  design,  4,  16,  17 
General  policy,  19 
Maintenance,  19 
"Pay  as  you  go,"  19 
Railroad  crossing  protection,  601 
Reconstruction,  19 
Tax  burden  distribution  (General), 

17 
Fineness  Modulus  (Concrete  aggre- 
gate), 470-484 
Finishing  Concrete 

Concrete    culverts    and    bridges, 
1277,  1531 

"         pavement,  1306 
Cost  of,  1152,  1145 
Methods,  1531,  1306 
Specifications,  1531,  1473 
First  Aid  (Accidents),  1699-1718 
Flash  Point  (Test),  727 
Flexure  (Formulae  for),  1028 
Flood  Flow  in  Streams 
Quantity,  186.  1022 
Velocity,  195 
Scour,  211,  335 
Floors  (Bridge) 

Depth  of,  206,  1025 
Distribution   of   loads    on,    1042, 

1549 
Examples  of,  237-310,  779 
Loading,  200,  1038-1042,  1547 
Repair  of,  779 
Specifications,  1563 
Surfacings,  210,  1563 
Flow  of  Water 

Capacity  of  channels,  195 
"  ditches,  334 
"  pipe  culverts,  194 
"  sewers,  337 
Velocity  of  flow 

Normal  in  channels,  195,  335 

"    pipes,  194 
Minimum  permissible 
culverts,  196 
sewers,  338 
Scour  velocities,  335 
Foot  (Decimals  of,  in  inches),  1574 
Footing   (Safe  for  horses  or  autos) 
See   also   Each  type  of  pavement 
Limitations      of     different     pave- 
ments, 101,  105,  425,  428,  962 
Fords,  211 

Forms  (for  Concrete) 
Concrete  Masonry 
Cost  of,  1151,  1226 
Design  data,  1052,  1026 
Examples  of.  1316-1353 
Removal  (Time  of),  1275,  1347 
Specifications 
Bridges,  1518 
Pavements,  1470 


Forms  (for  Concrete) 
Concrete  Roads 

Setting  (String  lining),  1301 
Type  of,  1470 
Formulae  (see  also  Operation  desired) 
Areas,  1 6  76 

Centers  of  gravity,  1031 
Centrifugal  force  (Superelevation), 

124 
Curves 

Encroachment  of  rear   wheels, 

116 
Horizontal,  854 
Vertical,  966 
Design  of  pavements 

Flexible  base  pavements,  381- 

387 
Rigid  base  pavements,  392-427 
Distribution  of  loads 

Base  of  abutments,  1045 
Floor  loads,  1042 
Flexure  of  beams  (Moments  and 

deflections),  1028 
Inertia  (Moments  of),  1030 
Safe  loads  on  piles,  13 40 
Stadia  measurements,  932 
Stream  runoff,  1021 
Trigonometric,  1578 
Volumes,  1576 
Vertical  curves,  966 
Foundations 

Bridges  and  culverts  {see  Bridges) 
Pavements  (see        Pavement 

desired) 
Depths  required 
Gravel,  390,  959 
Macadam,  390,  959 
Rigid  pavements,  426,  960 
Discussion  of,  366-426,  497,  506 
Types  of,  420-438,  497.  506 
Fracture  (Crushed  stone),  707 
French  Coefficient  of  Abrasion,  706 
Frictional  Resistance  to  Movement 
Masonry  on  foundations,  1052 
Wagons,  87 
Frost  (Effect  on  design),  367 
Functions 

Trigonometric,  logarithmic,  1653 
,  natural.  1593 

Gasoline 

Consumption  per  ton   mile,    96- 

101,  549 
Tax,  19 

Yearly      consumption      (Average 
vehicle),  18 
Gauges  (Wire  and  steel),  1054 
Geological   Classification  of  Rocks, 

708,  712,  713 
Girder   Bridges    (see   also    Bridges) 
Cost,  312,   759-763,   1151 
Examples  of,  251,  290 
Quantities,     313.     3H.     759-768 
Suitability     (Limits),    209,     1005 , 
Types 

Reinforced   concrete,    209,    251 
Steel,  209,  290 
Weights    of,    311,    313,    759-763 
Glutrin      (Sulphite     liquor),      1402 
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Grade      Crossings      {see      Railroad 

grade  crossing) 
Grades 

Adverse  grades,  no 
Intermediate  grades,  106-109 
Controlling  points,  106,  963 
Economic  Design 

Effect   on    construction  cost, 
106,  963 

"     horse    traffic,     106 
"        "     motor   traffic,    106 
Method  of  laying,  963 
"Rolling"    grades,    107,   963 
Examples     of,      108,     963 
Limits  of  use,  56,  107,  963 
Reduction  of,  6,  8,  56 
Principles  of  location,  82 
Maximum  Grades,  84-106 
Current  practice,  102 
Economic  design 

Effect  on  construction  cost, 
103 

"  horse  traffic,  84,  86 
"    motor  traffic  84 
Recommended     practice,     6, 
8,  104,  105,  949 
Effect    of   alignment   (compen- 
sation, 6,  8,  117,  118 

"   length  of  grade,  86- 
93 

"   safety  of  traffic,  10 1, 


962 


"    team     footing,    101, 


on    type    of    pavement 
surface,     101-102,     425,    962 
Principles  of  location,  82 
Minimum  Grades,  6,  8,  109 
Rolling   grades    {see    Intermediate 

grades) 
Street  grades,  106 
Vertical  Curves 

Effect  on  construction  cost,  109, 
in 

"     slight  distance,  110- 
112,  634 
Formulae  for,  964 
Minimum      lengths,      110-112, 

634.  964 
Use  of   (Proper  and  limits  of), 
110-112,  634,  964 
Grading 

Amount  required    (General   com- 
parative), 786 
Cost    data,    661,    765-769,    796, 

1126,  1156 
Economical    design,    54,    963 
Effect   on   construction   cost,    54, 

107-109 
Inspection,  1288 
Ratio  cut  to  fill  (Shrinkage),  995 
Sections,  146-17 1,  951 
Slopes  (Stable),  145 
Specifications,  14^1,  1444 
Width  of,  I3S-I7I,  961 
{see  also  Excavation) 
Grates  (Catch  basin) 
Cost  of,  662 
Examples  of,  689,  690 


Gravel 

A  mounts  required 

Concrete,  466,  495,  1092 
Pavements,    431,    356,     1 1 34, 
1139 
Production  of  gravel 
Cost,  1131 

Sizes  and  weights,  1182 
Sampling,  753 
Sizes 

Concrete,  456,  740,  1385 
Pavements,  355,  432,  1385 
Specifications,  1385 
Suitability 

Concrete,  456,  740,  1385 
Pavements,  456,  740,  1385 
Tests,  740-74S 
Abrasion,  742 
Shale  content,  742 
Voids,  741 
Weight,  741,  1182 
Use  of 

Concrete,  740,  1385 
Pavements        {see       Pavement 
desired),   353,   430-432,  456, 
494 
Gravel  Bottom  Course 

Cost,  352,  430-432,  662,  765-769, 

"34 
Depth,  389-301.  959 
Design,  389-391,  430-432 
Inspection,  1291 
Materials 

Amounts,      353-356,      430-433. 

1134,  1139 
Suitability,    353-356,    430-433. 
1385 
Specifications,  1385,  1430 
Gravel  Roads 

Cost  of,  5,  352,  1134,  1139 
Discussion,  352 
Economic  use,  352 
Failures,  355 
Maintenance,  575 
Materials 

Amounts    required,  355,   1134, 

1139 
Quality,  355.  1885 
Sizes,  355,  1385 
Mileage  in  use,  42,  353 
Rythmic  corrugations,  358 
Specifications,  1430 
Suitability      of      (General),    6-9, 

353 
Typical   sections,    147,    159,    353, 
354 
Gravity 

Center  of,  1031 
Specific  (Weights),  709 
Tests,  741 
Grout 

Amount  required,  511 
Application  of,  1333 
Inspection,  1833 
Mix,  511 

Sand  suitable  for,  511,  1887 
Specifications,  1476 
Grubbing  {see  Clearing) 
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Guard  Rail 

Costs,  662,  1216,  1156, 
Description  and  Specifications 

Cable,  676-681,  1489 

Concrete,  676-681 

Posts,  680,  1489 

Wall,  682 

Wooden,  676,  1489 
Examples  of,  676-681 
Use  of,  7,  9,  676 
Guide    Signs,    7,    9.    611,    687-6Q6, 

1491 
Guide  Rail  (see  Guard  rail) 
Gutters 

Brick,  335,  681-688 

Cobble,  335,  681-688,  1156,  1217 

Concrete,     335,     681-688,     1156, 

1217 
Loose  stone,  335,  681-688 

Hardness 

Test  for,  706 

Values  (Common  rocks),  700-712 
Hassam  Concrete  Pavement 

Amount    of     materials    required, 

1191 
Cost  data,  1191 
Haul 

Computation  of  length,  1128 
Overhaul 

Cost  of,  661,  768,  1127 
Mass  diagram,  996 
Hauling 

Average   length    computation    of, 

1128 
Horse  traffic 

Cost  of,  1128,  1162 
Loads  on  different  grades,  90-91 
Motor  traffic 

Cost  of,  1128,  1163 
Effect  of  alignment,  118 
"       "    distance,  80 
"       "    grade,  96 
"       "   rise  and  fall,  90-101 
Suitable    conditions    for    differ- 
ent types  of  motor,  26,1163 
Hauling  Power 
Horses,  86,  117 
Trucks,  94-96 
Heel  Pressure  (Foundations) 
Formulae  for,  1045 
Example  of  computations,  1047 
Highway  Bonds  (see  Bonds) 
Highways  (General) 

Administrative  data,  1-73 
Capacity  of  (Traffic  volume),  28, 

633.  1006 
Classification  of,  6—9,  46 
Costs    (General   comparative),    5, 

7,  9,  10,  16,  65 
Economic  design  of,  52-73,  747 
Utility  requirements,  4-10 
Volume  of  traffic  on  (Capacity) ,  28 
Value  of  roads,  (3-16) 
Direct,  10 
Indirect,  4 
Holes    (Repair  of   macadam   pave- 
ments), 557 


Horse  Traffic 

Effect  on  design 
Alignment,  117 
Grades,  84-93,  10 1 
Pavement    surface,     101,     102, 
425.  962 
Loads  drawn,  90-93 
Volume  of,  26,  84 
Hydraulic  Radius,  195 

I  Beams  (Steel) 

Properties  and  dimensions,  1062 
Strength  of,  1062 
Weights  of,  1062 
I  Beam  Stringer  Bridges  (Steel) 
Cost,    310,    315,    316,    661,    759, 

1150,  1229 
Design,  180-21 1,  1004-1085 
Economic  use,  205-209,  1005 
Examples  of,  265-289 
Quantities,  265-289,  760 
Suitability,  205-209,  1005 
Ice  Clearance  (Bridges),  186,  1025 
Igneous  Rocks,  708,  712 
Illumination 

Advantages,  699-704 
Cost,  699—704 
Methods,  699-704 
Limitation  of  use,  7,  9,  699-704 
Impact  Allowance  for 
Bridges,  202,  1040 
Pavements,  370-374.  55 1 
Inches  as  Decimals  of  Feet,  1574 
Inertia,  Moments  of 
Plane  figures,  1030 
Steel  I  beams,  1062 
Injuries  (First  aid),  1699 
Inlets  (Drop),  337,  689-690 
Inspection  of  Construction 

Bridges      and      culverts,      1273- 

1287,  1334-1370 
Grading,  1288 
Pavements 

Asphaltic  concretes,  1313 
Boulder  bases,  1291 
Brick,  1330 
Cement  concrete,  1299 
Gravel  (Consolidation  of),  1295 
Macadam  foundations,  1293 
Penetration  bituminous  macad- 
am, 1296 
Waterbound      macadam      top, 
1295 
Value  of,  1271 
Instruments 

Adjustment,  852 
Equipment  list 

Preliminary    investigations,     782, 
819 
Surveys,  831,  894 
Reconnaissance    surveys,    817 » 
819 
Insurance  (Contractors),  1238-1242 
Intercepting  Ditches,  165,  334,  952 
Interest 

On  pavement  investment,  7-9,  65 
On  plant  and  payroll,  1231-1267 
On  bonds,  24 
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Intermediate   Grades    (see   Grades), 

1 06 
Intersecting  Roads 

Radii  of  L,  121 
Investigations  (Preliminary) 

Cost,  749 

Equipment,  782,  817,  819 

Methods,  747-829 

Sample     reports,     770-781,     807- 
816,  642 

Sampling  materials,  752 

Traffic,  750 
Iron  {see  Cast  and  wrought  iron) 

Joints 

Bridge  construction,  276,  291,  292 
Contraction     (Pavements),     473, 

512 
Distribution    of    load    at    (Pave- 
ments), 406. 
Expansion   (pavements),   472,512 
Key  joints,  284,  684 
Longitudinal  (Pavement),  473 
Joists  (Bridge  floors) 

Distribution  of  life  loads,  1042 
Examples    of    size    and    spacing, 

265-283,  294-309 
Impact,  allowance,  202,  1040 
Safe  loads  steel  joists,  1061 
Safe  loads  timber  stringers,  1076 

Kentucky  Rock  Asphalt 

Cost  data,  1183 
King  Post  Truss 

Example  of,  301 

Materials  required,  301 
Klienpfiaster  Cube  Pavement 

Description,  516 

Land  Taking  (Right  of  ways) 

Areas  (Computation  of),  1098 

Cost  (Damages),  1156 

Maps,  842 

Surveys,  840 

See  also  Right-of-way 
Latitude,  Determination  of,  929 
Leaching  Basins,  689 
Level  Adjustments  of,  852 
Leveling 

Accuracy  required,  833,  906,  909, 
942 

Methods,  833,  906,  909 

Notes,  833,  906,  909 

See  also  Surveys 
Liability  Insurance,  1238-1242 
Life  of  Bridges,  1231 
Life  of  Equipment 

Camp,  902 

Contractors,  1243-1264 

Survey,  894 
Life  of  Pavements 

Flexible  pavements,  65,  531 

Rigid  '•  65,  535 

Lighting  (see  Illumination),  699 
Linear  Measure,  Units  of,  1573 
Loads  or  Loading 

Bridge  Abutments,  10 46 

Bridge  Superstructures 

Dead  loads,  199.  1038,  1547 
Distribution,  203,  1042,  1548 


Loads    or     Loading,   Bridge  Super- 

_  structures 
Live  loads,  6,  8,  200,  1039,1042, 

1547 
Impact     "     ,  202,  1040 
Foundations 
Piles 

Actual  safe  loads 
Formulae  for,  1338 
Tests  for,  1338 
Design  loads,  208,  1051 
Distribution       of       pressure, 
1045 
Soils 

Bridge       foundations,        208, 

1051,  1337 
Pavement  "     ,  374 

Pavements  (Design  loads),  370-374 
Safe  loads 

Beams  and  slabs,  1072 
Columns,  1078,  1035 
Steel  I  beams,  1062 
Team  loads,  86-93 
Wheel  loads  (Concentrated) 
Automobile  trucks,  370,  1039 
Military  loads,  202 
Regulation  of  loads,  28,  370 
Loam  (Test  for),  737,  738 
Location  of  Bridges   and   Culverts, 

181 
Location  of  Highways 
Discussion,  74 
Summarized  principles,  81 
Methods,  782 
Location  of  Signs  and  Signals 

Automatic  signals,  606,  609,   621 
Danger  signs,  612,  687 
Logarithms 

Numbers  (Table  of),  1628 
Trigometric       functions       (Table 
of),  1653 
Log  Culverts 

Examples  of,  214 
Specifications,  1414,  1492 
Logs 

Amount  of  lumber  in,  798 
Lumber 

Specifications,  1414>  1492 

McClintock  Cube  Pavement 
Cost  data,  11 84 
Description,  516 
Macadam 

See  Macadam  bottom  courses 
"    Bituminous  macadam 
"    Waterbound        " 
Macadam  Bottom  Course 

Cost,    429-438,    662,    769,    1134, 

1167 
Depth,  389-391,  959 
Design,  389-391,  429-438 
Inspection,  1293 
Materials 

Amounts,   429-438,   441,    1134, 

1168 
Suitability,  429-438,  441,  13S3 
Specifications,  1383,  1434 
Machinery     (Contractor's),     1243- 

1264 
Magnetic  Declination,  799-806 
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Maintenance  of  Bridges 
Cost  of 

Floors,  1231 

Painting,  210,  1231-1237 
Maintenance  of  Highways  (see  also 

Each   type  of  pavement),  519— 

578) 
Cost 

General,  520-545 

Detail,  520-545.  1218 

Per  vehicle  mile,  18,  522 
Economic  limits,  552,  347 
Equipment,  552-556 
Estimates 

Legislative  tax  program,  519 

Yearly  budget.  540 
Importance  of,  519,  48 
Materials  and  methods 

Bituminous  concrete,  564 

Block  pavements,  569 

Cement  concrete,  565 

Earth,  571 

Gravel,  575 

Macadams,  557-564 

Sand  clay,  575 
Organization  units,  552-556 
Smoothness  (Value  of),  54s 
Snow  removal,  570 
Manholes,  695 
Maps  (Plans) 
Cost,  747,  943 
Examoles  of 

Bridges,  1006 

Roads,  1105 
Preparation  of,  1105 
Scales,  944 
Masonry 

Refacing,  677.  685 
Repointing,  677,  685 
Retaining  walls,  676,  682 
(See  Concrete) 
(See  Stone  masonry) 
Mass  Diagram,  997 
Materials  (General  data),  (705-746) 
Amounts  required  (see  Respective 

material) 
Economic  use  of,  60,  437,  389 
Local,  effect  on  design,  60,  437, 

389 
Location  of,  839,  750 
Properties,  705-746 
Reports  on  location  and  amount, 

756 
Sampling,  752,  743 
Specifications    (see   Specifications) 
Strength  of,  1033 
Tests  (see  Tests  of  materials),  705- 

746 
Weight  of,  709,  1088 
Materials       (Cost      of      handling), 

1159-1169 
Materials  (Cost  of  production) 
Crushed  stone,  1130 
Gravel,  1131 
Maximum  Grades  (see  Grades) 
Measure  (Units  of) 
Areas,  1573 
Linear,  1573 
Volumes,  1573 


Measure  (Units  of) 
Temperature,  1573 
Weights,  1673 
Medical  Notes 

Accidents  (First  aid),  1699 
Bleeding,  1702 
Electric  shock,  1716 
Drowning,  1713 
Poisoning,  1718 
Sunstroke,  1721 
Melting  Point  (Test),  732 
Meridian       Determination       (True 
north) 
Magnetic  variation,  799-806 
Polaris  meridian,  912-927 
Solar  meridian,  927-932 
Meridiograph,  932 
Mesh  Reinforcement  (see  Reinforce 
ment) 
Dimensions   and   weights,    1056- 

1060 
Specifications,  141% 
Gages  of  wire,  1054 
Metalling  (Pavements) 

Thickness  required,  391,  426,  969. 

960 
Widths  of,  6-9,  130,  633,  958 
Military  Wheel  Loads,  202 
Minimum  Grades  (see  Grades) 
Bituminous  concrete,  1326 
Cement     concrete,     462,      1276, 

1471,  1512 
Effect  on  strength,  475,  486 
Minimum  Radii  for  Curves 

High    type    improvements,     120, 

634,  950 
Mountain  conditions,  121,  950 
Drives,  I2T,  634 
Intersections,  121,  634,  681 
Curbs,  681 
Mirror  Danger  Signs,  698 
Mixing  (Time  of) 
Modulus   of  Elasticity    (Materials), 

1033 
Modulus  of  Rupture 
Brick,  423,  510 
Concrete,  397-403 
Moisture  Content  of  Soils,  375 
Moments  (Beam  strength) 
Bending,  1028 
Inertia,  1030 
Resisting,  1029 
Monuments  (Property  line),  694 
Mortars 

Cushion,    506-513,    1476,    1SS1 
Grout,  506-513,  1476,  1333 
Materials 

Amounts  required,   1093,   11 46 
Suitability,  1386 
Motor    Busses    (see    also    Automo- 
biles) 
Effect  on  bridge  width,  203 
Effect  on  pavement  width,  130 
Cost  of  operation,  n,  99 
Motor  Traffic  (see  Automobiles) 
Motor  Trucks  (see  also  Automobiles) 
Cost  of  operation,  11,  98,  1163) 
Power  on  grades,  94,  96 
Regulation  of  loads,  28,  370 
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Motor  Trucks  (see  also  Automobiles) 

Typical  bridge  loading,  200,  1039, 
1547 

Dimensions,  200,  130,  1039,  1647 
Mountain  Roads 

Alignment,  117-121.  960 

Crowns,  160,  950 

Grades,  105,  949 

Office  practice,  1102 

Preliminary  investigations,  781 

Right  of  way,  177 

Sections,  160-171.  786 

Surveys,  892 
Mud  Sills  (see  Forms) 

Natural  Cement,  734 

Natural  Trigonometric  Functions 

Cosines,  160  4 

Cosecants,  1616 

Cotangents,  1593 

Sines,  1604 

Secants,  1616 

Tangents,  1593 
North,     Magnetic      (see     Magnetic 

declination) 
North,  True  (see  Meridian) 

Office  Work  (Design) 

Accuracy  required  (see  Accuracy) 
Cost  of,  747,  1104 
Methods,  948-1115 
Speed  of,  110 4 
Supplies,  1103 
Instructions,  1103 
Oil  and  Bitumens  (see  also  Bitumens) 
Cost  (see  Pavement  desired) 
Quality    required    (see   Pavement 

desired) 
Quantities  (see  Pavement  desired) 
Specifications,  1388 
Uses  of,  720 
Properties  of,  720 
Oiling  (Surface  application  of) 
Cost 

Detail,  1220 
General,  562 
Materials 

Amounts  required,  561,  1220 
Suitability  of,  561,  1388 
Specifications,  1 388 
Methods 

Discussion,  561 
Specifications,  1456 
Operation    of    Motor   Vehicles    (see 
also  Automobiles) 
Cost  of 

Effect  of  alignment,  118 
"       "  grade,  12,  93 
"        "  pavement  surface,  11, 
61-68,  550 
Ordinance  Loads  (Military),  202 
Organic  Impurities 

Test  for  inconcrete  aggregates, 738 
Organization 
General,  49 
Construction,  1271 
Duties  and  authority  of  engineers, 

1271 
Maintenance,  552 


Organization 

Survey,  831,  893 

Office  design,  1105 
Ottawa  Sand,  1387.  460 
Overhaul 

Computation  of,  996 
Cost  of,  661,  765-769,  1127 
Specifications,  1423 
Overhead  Charges  (Contract) 
Bonds,  1238 

Depreciation,  1243-1264 
Insurance,  1238 
Interest,  1231 
Liability,  1238 

Painting 

Bridges,  210,  1231 
Guardrail,  1216 
Paints 

Specifications,  1415 
Amounts  required 

Bridge  steel,  1231-1237 

Guard  Rail,  1216 

Flat  surfaces,  1231 
Parabolic  Crowns 

Ordinates  for,  173,  504,  956 
Proper  use,  175 
Paraffin  (Maximum  limit),  722 
Parapets  (Bridge) 

Discussion,  211,  1005 
Examples  of,  237-276 
Patrol  Maintenance 
Cost  of,  1225 
Equipment,  552-556 
Length  of,  552-556 
Pavements  (Detail  data) 

(See  Type  of  pavement  desired) 

Amiesite 

Asphalt,  block 

Asphalt,  Kentucky  Rock 

Asphalt,  sheet 

Bituminous  macadam 

Brick 

Concrete,  standard 

Durax 

Gravel 

Kleinpflaster 

McClintock  cubes 

Sand  clay 

Stone  block 

Waterbound  macadam 

Wood  block 
Pavements  (General) 
Cost 

Construction,  65,  16 

Maintenance,  65,  5*9-544 

Renewal,  65 
Depth  of 

Gravel,  391.  959 

Macadam,  391.  959 

Rigid  pavements,  426,  960 

Sand-clay,  347 
Design  of 

Economic,  1-73.  7f7 

Engineering    principles,    52-73. 
366-520 
Failures     (Common    cause),    428 
Life    of    (Average),    531-535,    65 
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Pavements  (General) 
Limitations  of  use 

Economic,  7,  9,  40—48 

Grades,  ioi.  425,  962 
Types  in  use  and  mileage  of,  7,  9, 

42    .  . 
Suitability   of   types,    6-9,  40-48, 

58,  962 
Widths   required,   6,    8,  130,   203, 

634,  958 
Pavement  Markings 

Central  traffic  lane  marks,   7,  9, 

698 
Railroad  crossing  warnings,  606- 

613 

Paving  Pitch 

Expansion  joints,  511,  1401 

Mastic  filler,  507-512,  1401 
Payroll    (Amounts   required)    1231- 

1234 
Pedestrian  Traffic 

Bridges,  633,  1006 

Highways,  177 

Streets.  174-175 
Penetration  (Test),  724,  728 
Petroleum 

Properties,  720—734 

Use      in      road      work,      720-734 
Photographic  Data,  818 
Pictures    (Notes   on   photography), 

818 
Piers 

Design  of  (see  Bridges) 

Examples  of,  322 

Depth  of  foundations,  1051 
Piles 

Actual   safe  loads  (Formulae  for) , 
1338 

"  Tests,  1338 

Batter  piles,  1343 

Caps,  1365 

Concrete  {see  Concrete  Piles) 

Cost,  661,  1150,  1228 

Design  loads,  208,  1051 

Inspection  of,  1338 

Points,  1364 

Refusal  of,  208,  1339 

Spacing,  208,  1051 

Specifications,  1501 

Splices,  1363 

Test  piles,  1338 

Types  of  (Proper  use),  207 
Pile  Trestles  (Examples  of) 

Concrete,  308 

Timber,  303 
Pioneer  Roads 

Alignment,  950 

Clearing,  177,  796 

Crowns,  160-171,  950 

Grades,  9 49 

Office  work,  1102 

Pavements,  53,  6 

Preliminary  investigations,  781 

Right  of  way,  177,  796 

Sections,  160-17 1,  781 

Surveys  for,  892 
Pipe    Culverts     {see    also    Type    of 
culvert  desired) 

Cost  of,  1148 


Pipe    Culverts    {see    also    Type     of 
culvert  desired) 
Design  {see  Culverts),  180-236 
Discharge  capacity,  194 
Examples  of 

Cast  iron  pipe,  219,  1079 
Concrete  pipe,  218,  1083 
Corrugated    metal,     215,    338, 

1080 
Vitrified  tile,  217,  1084 
Use  of 

Economic,  212,  338 
Limitations,  196,  212 
Specifications,  1408,  1566 
Pipe  Lines  for  Concrete  Roads 
Size  of,  1250 
Loss  of  head  in,  1250 
Pipe  Rail  (Bridge),  676 
Pipes 

Capacity  of,  194.  337 

Cost  of,   213,  661,  669,  765-769 

1148,  797 
Dimensions  and  weights 
Cast  iron,  1079 
Corrugated  metal,  215,  1080 
Reinforced  concrete,  218,  1083 
Vitrified,  217,  1084 
Specifications 
Cast  iron,  1409 
Corrugated  metal,  1409,  1568 
Reinforced  concrete,  1410 
Vitrified,  1412,  1571 
Pipe  Underdrains  {see  Underdrains), 

338,  .740S 
Pitch  {see  Paving  pitch) 
Planimeter  (Use  of) 
Accuracy,  969 
Methods,  969,  1110 
Plans,  943-1115 

Alternate  plans   (Value  of),   747, 

943 
Cost  bridge,  747,  775,  1004 

"     highway,  747,  110 4 
Examples  of 

Bridge,  779,  1006 
Highway,  1100 
Office  procedure 

Alignment,  944,  1105 
Ditches,  1106 
Grades,  947 
Location,  1 105 
Widths 

Grading,  951 
Pavements,  958 
Standardization     (Danger    of), 

747 
Tests  of  (General),  55 
Record  plans,  1100 
Plants  (Contractor's),  1243 
Plates  (Steel) 

Weights,  1068 
Pointing  Masonry,  677 
Poisons  (First  aid),  1718 
Polaris  Meridian,  912-927 
Policy  (General) 

Administrative,  1-73 
Economics  of,  1-73 
Progressive  improvement,  2,  586 
Tax  method  {Effect  on  policy),  4,  17 
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Policy  (General) 

Summary  of  general  principles,  72 
Portal    Clearances    (Bridges),    203, 

633.  1546 
Portland  Cement 

Amounts    required    in    concrete, 
466,  495,  1092 

"     grouting, 
511.  1146,  ISIS 
Cost    of    handling,    1139,    1145, 

1161 
Effect    on    strength    of    concrete, 

485,  489 
Properties,     734 
Specifications,  735,  1887 
Tests,  73s 
Weight,  1088 
Posts  (see  Columns) 
Posts 

Guide  rail,  676-681,  1156,  1490 
Signs,  696,  1491 
Preliminary  Investigations 
Cost,  749 
Equipment,  782 
Methods,  747-829 
Quick  estimating  diagrams 
Bridges,  310-322,  648-675 
Culverts,  213,  675 
Grading,  648,  786 
Pavements,  65,  661 
Sample  reports 
Bridges,  327,  774 
Pavements,  770,  807 
Ry.  grade  crossings  642,  775 
Sampling  material,  752 
Traffic  volume,  28,    750 
Pressure  (General) 

Concrete  against  forms,  1026 
Earth  against  walls,  10 48 
Pressure     on    Bridge    Foundations 
Distribution  of,  1045 
Safe  loads,  208,  1051 
Diagrams  of,  1027,  IO46,  1010 
Pressure  on  Pavements 
Distribution  of 
Macadam,  378 

Joints  in  rigid  pavements,  405 
Soil  (Resistance  of),  374 
Wheel  loads 
Impact,  372 
Static,  370-374 
Profile  (Design) 

Economic  principles  of,  56,  83,  968 
.  Grades 

Adverse,  no 

Intermediate,  106-109,  963 
Maximum,  83-106,  949 
Minimum,  109 
"Rolling,"  106-109,  968 
Vertical  curves 

Formulae  for,  966 
Minimum  length,  110-112,  965 
Sight  distance,  iro-112,  965 
Reconstruction  grade  lines,  964 
Scales,  944 
Methods 

Plotting     and     accuracy,     947, 
1106 
Profit   (Reasonable  contract),   1119 


Progressive  Improvement  Highways 

2,  586 
Property  Damage 

Cost,  1156 
Proportion  in  Design  {see  Design),  52 
Protection  of  Concrete 

Freezing,  1310,  1529 

Rain,  1309 

Salt  water,  1362,  1530 

Sun  heat,  1809,  1531 

Wind,  1 309,  1581 
Puddling  Macadam  Roads 

Amount   of  water  required,   441, 
1172 

Cost  data,  11 40,  1171 

Specifications,  1454 
Pumping 

Equipment,  1250 

Size  of  pipe  lines,  1250 

Loss  of  head,  1250 

Quantities  of  Materials 
Pavements 

Amiesite,  497,  1186 
Bituminous      concretes,      495, 
1188,  1142 

macadam,       446, 
1142 
Brick,  511 
Cement    concrete,    461,    1145, 

1188 
Foundation  courses 

Boulder  base,  430,  441,  1133 
Concrete,  495,  1138 
Gravel,   429-436,   441,    1134 
Macadam,  429-436, 441, 1 134 
Gravel    pavements,    356,    430, 

441,  1184 
Waterbound     macadam,     441, 
1140 
Structures 

Concrete  aggregates 

in    bridges,    237-327, 
1092 

in   culverts,    214-237, 
1092 
Reinforcement  in  bridges,  214- 

327 
Steel  "       "     ,    214- 

327 
Water  in  concrete,  461,  1092 
Quantity  Estimates   (Tables  of) 
Bitumen,  1090 
Sq.  yds.  pavement,  1089 
Cubic  yds.     "         ,  1089 

Radii  of  Curves 

(Table  for  survey  purposes),  855 

Radii  of  Curves  {see  also  Curves  and 

alignment)     - 

Effect  on  cost  of  construction.  119 

"       "      "     "    motor  operation. 

118 

"        "    crown,  124,  956 
"        "    encroachment     of    rear 
wheels,  116 

"    grade,    117.    118,   634 
"    safety    of    travel,    114-* 
121,  634 
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Radii  of  Curves  (see  also  Curves  and 
alignment) 
Effect  on  shape  of  section,   124, 
953 

"    sight  distance,   114 
"        "    width  of  pavement,  130, 
968 

right    of 
way,  177 

"        "       "         "    section,  130 
Minimum  for  safety,  121,  634,  950 
Recommended  practice,  121,  634, 

950 
Switch  back  turns,   121,  950 
Table  of  values  for  surveys,  855  . 
Vertical  curves  for  plotting  pro- 
files, no 
Railing  (Guard) 

Bridge,  pipe  rail,  676,  1156,  1005 
Examples     of     current     practice, 

676-681 
Parapets,  solid,  211,  682,  1005 
Specifications,  1489 
Railroad     (Stream     and     electric — 
general  data) 
Clearances,  633-643 
Loads,  634,  1548 
Roadbed  sections,  643 
Track  (see  Tracks) 
Railroad  Grade  Crossings 
Accidents  at 
Causes  of,  606 
Number  of,  34,  601 
Prevention  of,  599—641 
Probability  of  (Danger  index), 
623 
Eliminations  of 

Cost    estimate    diagrams,    600, 

648-67S 
Financing,  26,  601 
Importance  of 

General  relative,  599 
Special  projects,  625 
Methods 

Bridges  (Grade  separations), 

7,  9,  625-67S 
Road  relocations,  630-632 
Plans   (Examples   of),   635-642 
Record  maps,  1100 
Reports  on  tvpical  cases,  603, 

605,  642,  775 
Specifications    (General),    633 
Protection  at  grade  Xings 
Cost  of,  599 
Economic  limits,  602 
Financing,  601 
Importance  of,  7,  9,  599 
Methods 
Plans,  604 
Reports,  604,  605 
Signs,  610 
Signals,  610-623 
Specifications    (General),  609 
Stop  orders,  600 
Watchmen  and  gates,  612 
Railway  Track  Standard,  643 
Rainfall,  187 
Range  of  Traffic 

Length  of  trips  (Census  data),  38 


Rattler  Test 
Brick,  716 

Deval  stone  test,  706 
Reconstruction  of  Highways,  (579~ 
598) 
Administrative   policy,    579 
Costs  (General  comparative),  65 
Effect  on  original  design,  369 
Engineering  design,  586 
Grade  line  design,  964 
Legislative  estimates,  519 
Typical  cases 

Change  of  type,  587-598 
Resurfacing,  587-598 
Strengthening,  587-598 
Widening,  587-598 
Typical  cross  sections,   579-598, 
955 
Records 

Construction  (Daily  reports) 
Bituminous  concrete,  1 323 
Cement  concrete,  1311 
Macadam,  1299 
Maps  (General  records),  1100 
Office  (  "        ),  1100 

Referencing  Transit  Hubs,  832,  905 
Reflectors,  698 

(Warning  signs) 
Refraction      (Effect     on     observed 

altitude),  928 
Regulation  of  Traffic 
Loads,  28,  370 
Speeds,  28,  37,  371 
Stop  orders,  609 
Widths  of  vehicles,  130 
Reinforced  Concrete  Pipe 
Capacity  of,  194,  337.  1082 
Cost,  213,  1148 
Culverts,  218 
Dimensions,  218,  1088 
Specifications,  1410 
Weights,  1083 
Reinforcement   (Mesh  and  bar) 
Bars,  steel 

Bond  stress,  1035 
Corner  bars,  450-474 
Dowel  connections,  450-474 
In  slabs  and  beams,   221-310, 

1072-1074  m 
Longitudinal  ties,  450-474 
Specifications,  141%,  1517 
Value,  450-474 
Weights  and  sizes,  1061 
Working  stresses,  1033 
Mesh 

In  pipe,  218 
In  slabs,  221 

Specifications,  1412,  1411 
Weights  and  sizes,  1056-1060 
Value,  450-474 

Wire    gauges    and    diameters, 
1054-1060 
Relocation  of  Highways   (see  Loca- 
tion) 
Rental  Charges  (Equipment),  1243- 

1264 
Renewal  of  Pavements  (see  Recon- 
struction) 
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Repair 

Bridges  (see  Bridges) 

Pavements  (see  Maintenance) 
Repointing  Masonry 

Cost,  66 1 
Reports  (Typical  problems) 

Bridges,  327,  774,  781,  1095 

Pavements,  770.  1095 

Pioneer  roads,  807 

Railroad  crossings,  603,  605,  642, 
775 

Reconstruction,  583,  594,  598 
Resurfacing  Macadam 

See  Maintenance 
"    Reconstruction 
Retaining  Walls 

Concrete,  682 

Cost,  668,  1150 

Design,  1043,  682 

Examples,  682 

Stone  masonry,  683 

Types,  676 
Right  of  Way 

Areas   of    (Computation),    1093 

Cost  of  (Damages),  1156 

Fences,  700 

Maps  and  descriptions,  842 

Surveys,  840 

Widths  required 

Normal  conditions,  6,  8,  177 
Sight     distance     requirements, 
178 

Monuments,  694 
Rip  Rap 

Cost,  661,  1166 

Design,  211 

Grouted,  1507 

Necessity,  211 

Specifications,  1488,  1600,  1506, 
1507 
Rivets 

Driving,     1369 

Weight    of,    1070 

Design,  1 552 
Road     Materials,     Economic     Use 

(see  Materials) 
Road  Sections,  Typical  (Examples) 

Mountain  roads,  161-171 

Ordinary  toads,  146- 161,  951 

Reconstruction,  579-598,  956 

See  also  Sections 

Streets,  172 
Roads  (General  types) 

Earth  roads,  344 

Gravel      "        352 

Macadam  ",  429-449 

Pavements,  rigid,  449-518 

Sand-clay  roads,  347 
Road  Systems,  1-73 

Classification  of  roads,  6-9,  46 

Financing  (Bond  method),  19 

Layout  and  route  selection,  74 

Scope  of  work,  2 

Tax  burden  distribution,  17 

Traffic  requirements,  26 
Roadway — Width  of 

At  bridges,    6,    8,    203,  633,   1005 
"    culverts,  6,  8,  203 
"   pavements,  6,  8,  130,  958,  635 


Roadway — Width  of 

At  shoulders,  6,  8,  130,  951,  635 
traffic    capacity,  28,  203,  633, 
1005 
Rock  Asphalt  (Kentucky) 

Cost  data,  1183 

Specifications,  1421,  1497 

Cost  of,  661,  765,  1159 

Ratio  cut  to  fill,  996 
Rock  Excavation 
Rocks  (see  also  Stone) 

Geological  classification,  708 

Properties,  705-715 

Sampling,  752 

Tests,  705 

Weights,  709 

See  also  Crushing 
Rollers    (see    Equipment   for    types 

of  pavement  desired) 
Rolling    (see   Inspection   details    for 

type  of  pavement  desired) 
"Rolling"  grades  (see  Grades) 

Effect  on  cost,  107 

Example  of,  108 

Limits  of  use,  963 

Methods  of  designing,  963 
Roots,  Square  and  Cube,  1580 
Roughness  (Pavempnts) 

Effect  on  vehicle  operating  costs, 
61-68,  545 

"        "  impact   loads,   372,   551, 
779,  1040 

Vialog  records  of,  63,  545 
Routes  (Location  of  roads) 

Discussion,  74 
Ruling    Grades    (see  Grades,   maxi- 
mum) 
Runoff  (Flood  flow) 

Quantity,  186,  1021 

Velocities,  195,  335 

Scour,  211,  335 
Rupture  (Modulus  of) 

Brick,  423,  510 

Concrete,  397-403 
Rut  Roads,  344,  365 

Safety  Provisions 

Curve    banking,    7,    9,    124,    956 
Curve  widening,  132,  958 
Curved  alignment,  6,  8,  113-121, 

634,  950 
Ditches  (Shallow),  142 
Grades,  6,   8,   101,  425,  634,  949 
Guard  rail,  7,  9,  676 
Illumination,  7,  9,  699 
Railroad    Xing    protection,   7,   9, 
„  599  . 

Retaining  wall  guards,   7,   9,  676 
Shoulders   (Solid),  6,  8,  130,  132, 

586-596,  952 
Sidewalks,  7  9,  174,  203,  634,  687, 

1005 
Sight  distance,  7,  0,  114,  634,  950 
Signals     (Automatic),    7,    9,    599 
Signs 

Danger,  6-9,  687 

Guide,  6-9,  687 

Pavement  markings,  6-9,  698 
Skidding,  101,  425,  962 
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Safety  Provisions 

Widths 

Pavement,  6-9,  130,  958 

Shoulders,  6-9,  130,  951 
Sampling  Materials 
Bituminous,  763 
Brick,  755 
Cement,  753 
Concrete,  753,  743 
Gravel,  75 3 
Sand,  763 
Stone,  754 
Sand 

Amounts  required 

Concrete    (Cement),   466,   495, 
1092 

Concrete     (Bituminous),     495, 
1138,  1142,  1188 

Cover  for  oiling,  561,  1220 

Filler  for  bottom  courses,  441,- 
1134,   1168 
Sampling,  752 
Size 

Concrete  (Cement),  460,  1386 

Concrete      (Bituminous),     492, 
1386 

Cushion,  510,  1387 

Grout,  si  1,  1387 
Specifications,  1386 
Standard  Ottawa,  460,  1387 
Suitability 

Concrete  (Cement),  460,     739, 
1386 

Concrete  bituminous,  492,  1386 

Cover  for  oiling,  561 

Cushion,  510,  1387 

Filler  (Macadam),  715 

Grout,  51 1,  1387 
Tests 

Abrams   fineness   modulus,  480 

Abrasion,  739 

Loam  content,  737 

Organic  impurities,  738 

Voids,  741 

Weight  (Specific  gravity),  741 
Sand  Clay  Roads 
Cost  of,  347 
Discussion,  347 
Economic  use,  347 
Limitations  of  use,  48 
Maintenance,  575 
Materials,  348,  744,  1447 
Mileage  in  use,  42 
Reconstruction,  575 
Sand-clay  mixtures,  347 
Sections,  147,  348 
Specifications,  351,  1447 
Suitability  of  (General),  48,  347 
Tests,  744 

Typical  sections,  147,  348 
Sand  Cushion 

Block  pavements,  507,  1481 
Scales 

Maps  and  plans,  944 
Profiles,  944 
Bridge  plans,  1006 
Scariiying  Macadam 
Cost,  1156,  1218 
Specifications,  1491 


Scour 

Ditches,  protection  of,  335 

Rip  lap,  use  of,  211,  1500,  1506 

Velocities   producing   scour,    211, 

335 
Brush  mattress  protection,  1500 
Specifications,  1 506-1 50  7 
Screed  for  Concrete  Pavement,  1304 
Screenings 

Amounts  required 

Bituminous      macadam,      446, 
1141,  1168 

concrete,  49s,  11 42 
Cover  for   maintenance   oiling, 

561,  1221 
Waterbound     macadam,     441, 
1168,     1140 
Production  of 

Percentage    of    output,    1172- 

1181 
Sieve  analysis  of,  1330,  1319 
Weight  of,  1180,  1159 
Suitability 

Concrete      (Bituminous),     492, 

1887 
Concrete  (Cement),  460,  1387 
Cover  for  oiling,  561,  1383 
Macadam     construction,     440, 
446,  1383 
Secants,  Table  of,  1616 
Sections     of     Roadway     (See     also 
Cross  sections,  122-179 
Cost  of 

Effect  of  grading  width,  143 
"        "   pavement      "     133 
"       "  soil  slopes,  144 
Design  of 
Crowns 

Banked,  124,  956 
Normal,  124,  950 
Street,  173.  957 
Cut  and  fill  slopes,  145 
Ditches,  142 

Shoulders,  6,  8,  130,  951 
Widths 

Capacity  (Tropic volume),  28, 

203,  634,  1005 
Grading,  6,  8,  130,  634,  951 
Pavement,  6,  8,  130,  634,  958 
Vehicle  clearances,  130 
Discussion  (General) 

High  type  roads,  122-160,  579- 

598 
Pioneer  roads,  160— 171 
Streets,  165-177 
Examples  of 

Current  practice 

Construction,  146—173,  951 
Reconstruction,  570-598,  956 
Recommended  practice,  155, 
579-S98,  951 
Templets  for,  962,  969 
Serial  Bonds  {see  Bonds),  19,  603 
Settlement  of  Fills 
Ratio  cut  to  fill,  995 
Under  pavements,  369 
Methods    of    laying    to    prevent, 
1288 
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Sewers 

Capacity,  337 
Cost,  669,  1140 
Grades  (Minimum),  338 
Manholes,  695 
Trenches 

Details,  691-695 
Pavement  thickness  over,  417, 
420 
Storm  flow  in,  1023 
Shale 

Tests  for  in  gravel,  742 
Sheet      Asphalt      (see      Bituminous 

concrete) 
Sheet  Piling,  1508 
Shoulders 

Slope,  123,  136,  951 

Stone  or  gravel   protection,   130- 

136,  951 
Width,  6,  8,  130-136,  951 
Concrete  Shoulder 
Cost,  1217 
Shrinkage  of  Earthwork 

Ratio  cut  to  fill,  995 
Side  Culverts  (see  Culverts) 
Sidehill  Sections 

Amounts  of  excavation,  162,  786 
Drainage,  182 
Examples  of,  161-171 
Quantities,  786-793 
Sections,  161-171,  786-793 
Sight  distance,  114.  950 
Sidewalks 

Cross  slope,  175 
Width,  175 
Specifications,  1483 
Use  of,  7.  9.  175..  177.  203,  634 
Sieves  (Standard  sizes),  736 
Sight  Distance 

Effect  on  alignment,  114,  945,  950 
"        "   grades,  82 
"        "   grading,  82 
"        "    motor     operation     cost, 
118 

"        "  right  of  way  widths,  177, 
114 
Safe  sight  distance,  7,  9,  114,  950 
Vertical  curves,  110-112,  965,  634 
Signs 

Danger  signs,  6—9,  687-696 
Detour,  696 

Guide        "       ,  6-9,  687-696 
Location  of,  687,  607 
Pavement  markings,  6-9,  698 
Railroad  crossing,  607-613 
Warning,  6-9,  687-696,  607-613 
Specifications,  1491 
Sines 

Logarithmic,  1653 
Natural,  1604 
Sinking  Fund  Bonds  (see  Bonds),  19 
Skidding,    Automobiles,    Effect   on 
Design 
Prevention  of 

Curve  banking,  124,  956 
Grades    (Safe),    101,   425,    643, 

949 
Pavement  surfaces,  425,  428,962 


Slab  Bridges  (see  also  Bridges) 
Costs,  310,  1150 
Construction  (Inspection),  1334 
Design 

Ordinary  conditions,  180-247 
Loads 

Design,  199,  1038 
Safe  (Table  of),  1072 
Effect  of  depth  of  fill,  1075 
Economic  use,  205-210,  1005 
Examples  of,  237-247 
Quantities,  237-247,  759 
Suitability,  205-210,  1005 
Slag  (Crushed  blast  furnace) 
Amount  required 

Concrete,  466,  495,  1092 
Macadam,  441,  495 
Specifications,  494,  1385 
Weight,  494.  1385 
Suitability,    441,    494,    715,    456, 
1385 
Slides 

Stable  slopes 

Cut,  145 
.   .Fill,  145 
Sliding  (Friction  resistance),  1052 
Slipperyness  of  Pavements  (see  also 
_  Each  respective  pavement) 
Limitations    on    hills     for     horse 

traffic,  10 1,  962 
Skidding,  (Automobiles) 

Effect  of  curves,  124,  634,  950 
Effect  of  grade,  10 1,  425 
Pavement  surfaces,  428,  962 
Slopes  (Stable  cut  and  fill) 

Angle  of  repose  of  different  soils, 
145 
Slope  Stakes,  1272 
Slump  Test  (Concrete),  461,  744 
Smoothness  of  Pavements 
Value  of,  61-68,  545 
Vialog  records,  63,  546 
Snake  Bites,  1701 

Treatment  of 
Snow 

Effect  on  location  mountain  roads, 

904 
Fences,  700 

Removal  from  highway,  570 
Sodding,  1499,  1572 
Soils 

Classification   of,    377.   911,  1289, 

1421 
Consolidation  of,  995,  1291 
Effect  on  depth  of  pavement 
Macadam,  385-391.  959 
Rigid,  410-427,  960 
Effect  on  type  of  underdrain,  338 

"   slopes,  145 
Regulation  in  fills,  1289 
Safe  loads  on 

Bridge     foundations,  208,  105 1 
Pavement  .377 

Shrinkage  (Ratio  cut  to  fill).  995 
Weight,  1038 
Solar  Meridian,  927-932 
Solubility  (Test),  730 
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Specifications 

Bridge,  1492-1572 
General  clauses,  1371-1375 
Materials  {see  also  Each  material) , 

1 382-1420 
Methods   (see  Type  of  pavement 
desired),  1420-1491 
See       also       Respective       item 
desired 
Road    design    (General  compara- 
tive), 6-9 
Ry.      grade      crossings     (     "     ") 
609,  633 
Specific  Gravity  (Tests  for) 
Rock,  741 
Bitumen,  727 
Specific   Gravity   (Weights  of  mate- 
rals) 
Miscellaneous  substances,  1038 
Rocks,  709-712 
Speed  and  Distance  (Table  of),  616 
Speed  of   Trucks  (Regulation),    28 

37i 
Speed  of  Traffic 
Discussion  of,  37 
Effect  on  curve  banking,  124 
Speed  of  Work 

Construction  operations 
General  road  speeds,  1234 
Mixing  and  placing  bridge  con- 
crete, 1276 
Office  design,  110 4,  1113 
Survey  work 

Road  surveys,  840,  893 
Stadia,  1105 
Spiral  Curves 

Practical  method,  129 
Splicing 

Bars  (reinforcement),  281 
Piles,  1363 
Sprains,  1699 

(Treatment  of) 
Sprinkling 

Fresh  concrete,  1309,  1531 
Puddling  macadam  roads,   1171, 
1296 
Square  Roots,  Table  of,  1580 
Square  Units  of  Measure  (Conver- 
sion), 1578 
Square  Yards,  Table,  of  1089 
Squares  and  Square  Roots,  Table  of, 

1580 
Stadia    Measurements,    844,    932- 

989,  1105 
Stage  Improvement  {see  Progressive 

improvement) 
Stakes 

Grade,  1272 
Slope,  1272 

Survey  (Number  required),  881 
Staking  Out  (Construction) 
Bridges,  1334 
Road  work,  1272 
Steel  (Structural) 
Erection  of,  1368 
Specifications,  1538 
Properties     of    rolled    I    beams, 

1062 
Weight  of,  1038,  760 


Steel  Bar  Reinforcement   {see  Rein- 
forcement) 
Steel  Plates 

Guages,  1051 
Weights,  1068 
Stone  {see  also  Rocks) 

Geological  classifications,  708 
Suitability     for     macadam,     714, 
715,  440,  1383 

"    concrete,  456,  740, 
1383 
Weight,  709 
Stone  (Crushed) 
Amounts  required 

Bituminous  concrete,  495,  1188, 

1142,  1188 
Bituminous      macadam,      446, 

1142 
Concrete    (Cement),    466,   495, 

1092,  1145 
Macadam     foundations,     420- 

437.  442,  1134 
Waterbound      macadam      top, 
441,  1140 
Crushing 

Cost,  1130,  1172 

Proportion     of     size     outputs, 

1173-1181 
Weights  of  different  sizes,  1182 
Sampling,  754 
Sizes 

Bituminous  concrete,  493,  1383 

macadam,    446, 

1383 

Concrete   (Cement),  456,    1883 

Macadam      foundations,      429, 

1383 
Waterbound     macadam,     440, 
1383 
Suitability 

Concrete,  740,  1383 
Pavements 

Bituminous     concrete,     492, 
1383 

macadam,    440, 
1383 
Concrete,  456,  1383 
Macadam    foundations,    429, 

441,  1883 
Waterbound  macadam,   440, 
1383 
Tests 

Abrasion,  706 
Absorption,  707 
Hardness,  706 

Specific      gravity,       707,       741 
Toughness,  707 
Voids,  741 
Stone  Block  Pavement 
Cost  data,  1147 
Crowns,  124,  173,  515,  950 
Current  practice,  515 
Description,  515 
Failures,  428 
Foundation    (Design),    421,   426, 

515.  960 
Life  of,  6s,  535 

Limitations  of  use,  425,  515,  962 
Specifications,  1481 
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Stone  Block  Pavement 

Suitability  of  pavement  (General), 
SIS.  962 

Yearly  cost,  65,  510-544 
Stone  Fills 

Use  of,  436 

Ratio  cut  to  fill,  995 

Slopes,  145 
Stone  Masonry 

Cost,  765 
Stoneway  {see  Macadam) 

Depths    on    different    soils,    391, 
959 

Widths,  130,  958 
Streams 

Channel  improvements,  181 

Flow  of  water  in 
Floods,  186,  1021 
Velocity  of  flow,  195 

Scour,  211 

Backwater  head,  196,  1025 
Streets  (Details) 

Car  Tracks,  175-177 

Crowns,  173,  957 

Curbs,  174 

Pavements         {see         Pavement 
desired) 

Sidewalks,  174,  634,  1006 

Widths,  165-172 

Sewers,  691—695 

Manholes,  695 

Catchbasins,  690 

Water  pipe  details,  693 
Strength  of  Materials 

Beams,    safe   loads,    1028,    1074, 
1076 

Columns,   "       ",    1078 

Slabs,  '*       ",    1072 

Working   stresses   different  mate 
rials,  203,  1033 
Strength  of  Pavement 

Design  of 
Flexible    pavements,    366—392, 

959 
Rigid  ",    366-428,  960 

Stresses  in  Materials 

Design  (Allowable),  10S3 

Temperature,  1053 

Ultimate,  1033 
Sub  Base  Courses  {see  Foundations 
and  bottom  courses) 

Amounts    of    material,    430-442, 
1133-1138 

Cost  data,   430-438,   662,    1132- 
1138 

Depth     required,     390,     959-960 

Description,  430—438 

Fillers,  430-438,  441,  715,  1168 

Inspection,  1291 

Specifications,  14&4 
Subgrade,   Preparation  of,  1290 
Subgrade  Tester,  1300 
Sulphite  Liquor  (Glutrin) 

Specification,  1403 
Sun  (Solar  meridian),  927-932 
Sunstroke  (Treatment),  1721 
Superelevation  at  Curves 

Amounts  required,  124,  956 

Examples  of,  128,  157 


Superelevation  at  Curves 

Runoff  to  normal  crown,  129 
Superstructures     of     Bridges     {see 

Bridges) 
Supplies 

Office,  1 1  OS 
Survey,    831 
Surface  Measures,  Units  and  Con- 
version, 1573 
Surveys  (General) 

Accuracy  required  {see  Accuracy) 
Cost     of,     747,     749,     840,     893 
Curve  data,  855-884 
Equipment,  782,  818,  831,  894- 

904,  938 
Methods 

Adjustment      of      instruments, 

852 
Base  lines  (Location),  831,  904, 

905 
Bridges,  942 
Cross-sections,  833,  909 
Curves  (Tables  and  problems), 

854-892 
Drainage  data,  835,  911 
Land  surveys,  840 
Levels,  833 

Magnetic  variation,  799 
Materials,   sampling,    752,  911 
Meridian    determination,    912— 

932 
Stadia     work     844,     932-939, 

1105 
Topography,  836,  911 

Traffic  reports,  31,  837 
Organization,  831,  893 
Preliminary  investigations, 

749-830 
Speed      of      work,      840,    893, 
1105 

T  Beam  Bridges  {see  also  Bridges) 
Cost,  310,  759,  1150 
Economic  use,  205,  1005 
Examples  of,  252 
Quantities,  252-256,  759 
Suitability  of,  205,  1005 
Tangents 

of  i°  curves  (Table),  858 
Logarithmic,  1653 
Natural,  1593 

Offsets  for  staking  curves,  907 
Tar  {see  Bitumens) 
Tarvia  {see  Bitumens) 
Taxation 

Effect  on  general  design,  4,  16,  17 
Distribution  of  for 
Construction,  17 
Maintenance,  17 
Railroad  Xing  protection,  601 
Reconstruction,  17 
General  taxes,  17 
Vehicle  taxes,  17 
Team  Traffic 

Effect  on  design,  84 
Alignment,  117 
Grades,  86 

Pavement    surfaces,    101,    425, 
962 
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Team  Traffic 

Importance  of  in  design,  26,  84 
Loads  drawn,  86—93 
Volume  of,  26,  84 
Telford  Base 
Cost,  433 

Depth,  389-391,  959 
Design,  389,  434 
Inspection,  433 
Materials 

Amounts,  434 

Suitability,  434 
Specifications,  434 
Temperature 

Asphaltic  mixtures,  1326 
Coefficient     of     expansion,     498, 

1053 
Effect  on  design  of  pavements,  367 
"     volume  of  bitumen,  754 
Protection  of  concrete,  1 309,  1 529 
Stresses,  1053 
Units  of  measure,  1573 
Templets 

Pavement  construction,  1304 
Plotting  cross  sections,  962,  969 
Tension  (Modulus  of  rupture) 
Definition,  396 
Values  for  concrete 

Bridges,  656 

Pavements,  397 

Reinforcement  effect,  400 
Tests  of  Materials 
Bitumens 

Ductility,  729 

Evaporation,  729 

Flash.  727 

Melting  point,  732 

Penetration,  728 

Significance  of  tests,  723 

Solubility,  730 

Specific  gravity,  727 
Brick 

Abrasion  (Rattler),  716 

Absorption,  741 

Size  variation  in,  716 
Cement  (Portland),  735 
Concrete 

Sampling,  748 

Slump,  744 
Gravel 

Abrasion,  742 

Loam  content,  738 

Shale         "         742 

Voids,  741 

Weight  (Specific  gravity),  741 
Sand 

Hardness,  739 

Loam  content,  737 

Organic  impurities,  738 

Voids,  74 1 

Weight,  741 
Stone 

Abrasion,  706 

Hardness,  706 

Toughness,  707 

Voids,  741 

Wear,  706 

Weight,  741 


Tests  of  Materials 
Water 

Acid,  739 
Alkali,  739 

Organic  impurities,  738 
Test  Piles  {see  Piles) 
Theodilite  {see  Transit) 
Theoretical  Design  (Pavements) 
Fundamental   assumptions 
Macadam,  366-392 
Rigid,  366-428 
Limitations  of,  390,  392 
Value  of,  392,  425 
Thickness  of  Pavements  (see  Depth 
of  pavements) 
Macadam  types,  391,  959 
Rigid  ",       426,  960 

Over  trenches,  417,  420 
Tile 

Underdrains,  338 

Vitrified   pipe    (see   also   Vitrified 

pipe) 
Sewers  (see  Sewers) 
Timber  (General) 
Amount  in  logs,  798 
Strength  of 

Design  stresses,  1037 
Beams,  1076 
Columns,  1078 
Timber  Bridges  (see  also  Bridges) 
Costs,  797,  798 
Design  tables,  1076 
Examples  of,  294-309 
Quantities,  294-309,  798 
Suitability,  180 
Timber  Culverts 
Examples  of,  214 
Cost  of,  797 
Time  (Conversion  of) 

Determination      of     local      mean 

time,  930 
Mean  time  local,  915 
Standard  time  zones,   U.  S.,  914 
Sidereal,  926 
Time  of  Mixing 

Bituminous  concrete,  326 
Cement 

Effect  on  strength,  475,  486 
specifications,   462,  1276,  1471, 
1512 
Tires  (Wagon  and  automobile) 

Allowable  load  per  inch  width,  370 
Effect  of  width  on  tractive  resist- 
ance, 88 
Effect  of  condition  on  impact,  370 
Toe  Pressure   (Foundations) 
Allowable,  208,  1051 
Computation  of,  1047 
Toe  Walls,  685 

Top  Courses    (see  Respective  pave- 
ment desired) 
Topeka    Mix   (see  Bituminous  con- 
crete) 
Topography 

Field  methods,  836,  911 
Office       "       946 
Toughness  (Test  for),  707 
Tracks  (Railroad) 
Clearances,  642 


xxix 


INDEX 


Tracks  (Railroad) 
Cost  of,  662 
Cross  sections,  643 
Gauge,  643 

Pavement    between    rails    (Cross- 
ings), 600-611 
Protection  of,  599-675 
Street  car  construction,  i75i  176 
Traction  Engines 

Widths,  130 
Tractive     Resistance     of     Wagons 
Friction,  87 
Grade,  87 

Pavement  surface,  90 
Tractive  Power  (Horses),  86 
Traffic  Data  (General) 

Accidents  {see  Accidents),  33,  601, 

606 
Classification    for,    6-9,    46,    634. 

959 
Range  of,  38  " 
Regulation  of 
Load,  28,  370 
Speed,  28,  37,  370 
Requirements  (General),  26 
Safety  of   {see  Safety  provisions) 
Speed  of,  37 

Volume    of    and    road    capacity, 
(28-33)  635.  1005 
Census  data,  28 

Fluctuation  in  intensity,    30 
Effect  on  design,  6-9.  28,  385. 

391,  426,  634.  1005 
Present,  31 

Future  (Estimates  of),  32,  203, 
633,  1005 
Vehicles 

Cost  of  operation 

General  costs,  80,  98 
Pavement    effect    on,    11,  68 
Grades    effect    on,    12,    100 
Clearances,     130 
Loads,  6,  8,  200 
Types 

Automobiles      {see     Automo- 
biles) 
Horse     {see     Horse     traffic) 
Traffic      Data     (Effect     on     design 
details) 
Alignment,    6,    8,    1 13-12 1,    634, 

,950 
Bridges,  6,  8,  202,  203,  633.  1005 
Grades,     6.     8,     105,     634.      949 
Pavement 

Strength     and     type,      6,      8, 
40-48,    391,   426,   634.   959- 
960 
Width,  6,  8,  130,  634,  958 
Roadway  sections 
Ditches,  6,  8,  142 
Widths,    6,    8,    130,    634,    951 
Shoulders,  6,   8,   130,  634,  951 
Trails  (Alaskan  dog),  361 
Transit 

Adjustments  of,  853 
Transition  Curves 

Practical  method,  125 
Traverse  Computations    (Land  sur- 
veys), 109  A 


Trenches 

Depth  of  pavement  over,  417    |  k 

Sewer  (Details),  691 

Water  (     "     ),  693 
Trestles  (Highway) 

Cost  of,  656,  667 

Examples  of 

Concrete,  308,  656 
Timber,  303,  307 

Use  of 

Economic  conditions,  656,  6^^ 
Triangles  (Solutions  of*  trigometric) 

1578 
Trigometnc  Formulae,  1578 
Trigometric  Functions 

Logarithmic,  1653 

Natural,  1593-1628 
Trucks  {see  Automobiles) 
Truss  Bridges  {see  Bridges) 

Cost,  314,  1151 

Quantities,  313,  652,  760 

Suitability  (Limits) ,  205 
Turnouts  (Mountain  roads),  6,   164 
Turnpike  Sections 

Examples,  167,  786 

Quantities,  786 

Specifications,  1 444 

Underdrains,  338 
Cost,  661,  765,  768 
Design,  338 
Examples 

Bridge,  241 

Roadway,  338,  439 
Unloading  Materials,  1159-1161 
Cost  of 

Cement,  1161 

Sand.  1161 

Steel,  1161 

Stone,  1159 
Utilization  of  Old  Structures 

Bridges,  180,  210,  1013  ,\ 

Pavements,  579-598 
Value  of,  180,  210,  579-598 

Value  (General)  (10-16) 
Highways 

Direct,  7.  9.  10,  79 
Indirect,  4 
Engineering  design 

Alternate  designs,  747,  943 
Construction     cost    reductions. 
50,  54,  747  . 
Variation  (Magnetic  meridian),   i9b 
Vehicles     {see     also     Automobiles) 
Clearances,  130,  204 
Dimensions,  130,  200 
Length      (Effect     on      pavement 

width  on  curves),  116 
Weight,  202,  370 
Wheel     loads,     202,     370,     103b 
Width,  130  „  .     . 

Volume  of  traffic  (Road  capacity! 
28,  633.  1005 
Velocity  and  Time  Distance  Table. 

616 
Velocity     Head 

Backwater     head,      196,      10  Jo 
Velocity  of  Stream  Flow 
Formulae,  195 
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Vdiocity  of  Stream  Flow 

^ ibles  of 

Channels,  195 
I  Pipes,  194.  337 
'  curing  action,  211,  335 
-  If  cleansing  velocity 
'  Culverts,  196 
I  Sewers,  338 
1   Underdrains,  340 
V'  rical  Curves 

,(  FlTect  on  construction  cost,    110- 
(    112 

"   sight  distance,  110-112, 
J     965 

Formulae  for,  966 
/Minimum   length,    110-112,    634, 
\     965 

'  rJse  of  (Proper  and  limits),   110- 
112,  634,  964 
Graphic  methods,  1106 
Radii  of,  968 
Vialog  Records  (Roughness),  63,  547 
'itrified  Pipe 
Capacity  of,  194,  335,  1082 
Cost 

Culverts,  213,  797,  II48 
Sewers,  669,  1149 
Culverts,  217,  108 4 
Dimensions,  217,  1084 
Sewers,  691 
Specifications,  1571 
Weights,  217,  1084 
Voids 

Tests  for,  741 

Effect  on  strength  of  concrete,  489 
"olatilization  (Test),  729 
V  olumes  (Solids  and  liquids) 

Earthwork     computations,     971- 

993 
Formulae,  1576 
Units  of  measure,  1573 
Volume  of  Traffic 
Census  Data 

Fluctuation  in  volume 
Hourly,  30 
Daily,  30 
Weekly,  30 
I  Yearly,  30 

I    Classification  for  design,  6-9,  46, 
633.  959 
Effect  on  design,  6,   8,   130,   202, 

203,  391,  426,  633,  1005 
Present  volume,  31 
Future  volume  (Estimating),  32, 

203,  632-634,  1005 
Road  Capacity,  28,  633,  1005 

Wagon  Loads  (Teams) 

On  different  grades,  90—93 
Mountain  freighting  loads,  92 
Walls 

Retaining  walls 
Cost,  668 
Design,  1043 
Examples,  676-684 
Toe  walls 

Examples  of,  685 
Wall  Sections  (Mountain  roads) 
Examples,  171,  792 
Quantities,  792 


Warrenite  {see  Bituminous  concrete) 
Warning  Signs 

Examples  of,  612,  613,  687-696 
Location  of,  607-613,  687 
Use  of,  6-9,  610,  687 
Water 

Amounts  required 
Puddling  macadam,  441,  1172 
Concrete  (Structural),  490,  1092 
Concrete  pavements,  461,  1092 
Effect  of,  on  strength,  490,  1276 
Flow  of 

Channels  (Streams) 
Floods,  186,  1021 
Velocity,  195 
Capacity,  195 
Pipes 

Capacity,  194,  335,  1251 
Velocity,  194 
Velocity  head,  1251 
Velocity 

Minimum  self  cleansing,  196, 

338 
Scour  velocities,  211,  335 
Tests  for,  739 
Weight  of,  1038 
Water  Pipes  (Cast  iron) 
Cost,  661,  675 

Dimension  and  weights,  1079 
Trenches 
Details,  693 

Depth  of  pavement  over,  417, 
420 
Velocity  head,  1251 
Waterbound  Macadam 

Construction  methods,  1295,  145 4 
Costs 

Detail  data,  1156-1178 
Estimate  forms,  1140 
General   comparative   data,  65, 
.438 
Design 

Current  practice,  389 
Recommendedpractice,440,  959 
Theoretical,  336-391 
Durability  of  surface,  65,  531 
Economic  limitations  of  use,  6-9, 

40-48,  438,  962 
Equipment  for  construction,  1243 
Failures    (Common    causes),    428 
Foundation  courses,  420-441 
Inspection  details 

Culverts  and  bridges,  1273 
Grading,  1288 
Pavement,  1291 
Maintenance 

Cost,  65,  519-544 
Methods,  552-564 
Materials 

Amounts  required,  441,  1140 
Specifications  for,  1383 
Suitability  of,  440,  1383 
Tests,  for,  705 
Reconstruction  of 
Cost,  65,  579 
Methods,  579~598 
Specifications,  14&4 
Suitability  of  pavement  (General), 
40,  428,  438 
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Waterway  Area 
Bridges,  186,  1021 
Culverts,  186,  1021 
Wear  (see  also  Specific  material) 
Abrasion  tests,  706,  716 
French  coefficient  of,  706,  710 
Weight    (Units   of    measure),   1573 
Weights 

Bridge  dead   loads,    1038,    1547 

steel,  310,  760 
Materials 

Bitumen,  iSS5(Specific  gravity) 

Concrete,  1038 

Crushed  stone,  1038 

Gravel,  1038 

Sand,  1038 

Steel,  1038 

Stone,  1038 

Timber,  1038 

Water,  1038 
Pipes 

Cast  iron,  1079 

Corrugated  metal,  1080 

Reinforced  concrete,  1083 

Vitrified,  217,  1084 
Reinforcement   (Steel  bars),    1061 
Wires,  1056 
Weight  of  Vehicles  {see  Loads) 
Wheel  Base  (Length) 

Effect  on     rear    wheel    encroach- 
ment, 116 
Effect  on  pavement  width,  130 
Trucks,  1039 
Wheel  Loads 
Impact 

Bridges,  202,  1040 

Pavements,  372 
Recommended  design  loads 

Bridge,  202,  1039 

Pavements,  373 
Vehicles 

Military  ordinance,  202 


Wheel  Loads,  Vehicles 

Regulation  of,  28,  370 
Trucks,  370,  202 
Width  of  Pavements  and  Road 
At  bridges,  6,  8,  203,  633,  1 
"  curves,  130,  958 
"  railroad  crossings,  609 
"  tangents  (Normal  widths) 
130,  634,  958 
Changing  widths  (Length  of  ru     f 
At  bridges,  133 
"  curves,  133  h) 

"  railroad  Xings,  133 
Streets  (City  and  village),  i6i 
Width  of  Right  of  Way,  6,  8,  17 
Wire   (Gauges  and  weights),  10 

1059 
Wood  Block  Pavement 
Description,  515 
Specifications,  1479 
Typical  sections,  515 
Wooden  Guide  Rail 
Cost,  661,  1156,  1216 
Examples,  676 
Resetting,  1222 
Working  Stresses  of  Materials,  20^ 

1033 
Wrought  Iron 
Weight  of,  1038 

Yardage  of  Earthwork 

Computation  of,  971-993 
Yearly    Charges    (see    also    Annua 

charges) 
Bridges   (Maintenance  of),  210 
Camp  equipment,  902 
Contractors     equipment,      1238- 

1268 
Pavements    (see  also  Each  pavt 
ment) 

Maintenance,  65,  510-544 

Renewal,  65,  579~597 
Survey  equipment,  894 
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